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Onc for prophyil xis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic dose. 
ROCEPHIN, 1 gm given once prior to surgery” in adults, provides 
effective prophylaxis against infection anc is on board throughout the 
perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 to 2 gm given once a day in adults, is the usual 
therapeutic dosage for the following common postsurgical infections: 
lower respiratory tract or skin/skin structure infections due to Staphylo- 
coccus aureus, Klebsiella pneumoniae ard Proteus mirabilis; urinary 
tract infections due to Escherichia coli, K. oneumoniae and P mirabilis. 


Efficacy, economy, ease and generally we | tolerated. ROCEPHIN: 1 gm ` 
once for prophylaxis, once daily for cure. 





Once-a-day 
Rocephin.... 


ceftriaxone sodium/Roche 





Usual adult daily dosage: 1 to 2 gm once a day 


As with any cephalosporin, there exists the possibility cf hypersensitivity reactions, 
especially in individuals with a history cf sensitivity. 


© 1991 by Hoffmann-La Roche Inc. * In contaminated or potentially contaminated Please see adjacent page for summary of product 
All rights reserved. procedures (e.g., vaginal or abdominal information, which includes a list of adverse reactions. 
hysterectomy), and for patients in whom 
infection at the operative site would present 
serious risk (e.g., coronary artery bypass 
graft [CABG] surgery). 

















AND USAGE: Rocephin is indica! - 
| by susceptible organisms: 
R RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
luding enterococci), Staph. aurews, H. influenzae, H. parainfluenzae, Klebsiella species 
ing K. pneumoniae), E. coli, E aeragenes, Proteus mirabilis and Serratia marcescens. 


AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
cus species (excluding enterococci, E. cloacae, Klebsiella species (including K. pneumo- 
Proteus mirabilis and Pseudomonas aeruginosa. 

Y TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 
MPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
e, including both penicillinase and nonpenicillinase producing strains, and pharyngeal gon- 
a caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 

C INFLAMMATORY DISEASE caused by N. gonorrhoeae. 
ERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
umoniae. 


WE AND JOINT INFECTIONS caused 3y Staph. aureus, Strep. pneumoniae, Streptococcus 
ies (excluding enterococci), E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


2A-ABDOMINAL INFECTIONS causec by E. coli and K. pneumoniae. 
INGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
» been used successfully in a limited number of cases of meningitis and shunt infections 
ed by Staph. epidermidis and E coli 
 RGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
ace of postoperative infections in patients undergoing surgical procedures classified as con- 
inated or potentially contaminatee (e.g., vaginal cr abdominal hysterectomy) and in those for 
m infection at the operative site presents serious risk (e.g., 
ing coronary artery bypass surgery). 
ough ceftriaxone has been showa to have been as effective 
_- cefazolin in the prevention of infection folowing corenary artery 
_»pass surgery, no placebo-controlied trials have been conduct- 
Bec evaluate any cephalosporin antibiotic in the prevention of 








tion following coronary artery bypass surgery. When admin- 
Bered before indicated surgical procedures, a single 1 gm dose 
ovides protection from most infections due to susceptible orga- 
s for duration of procedure. 


CEPTIBILITY TESTING: Beforeinstituting treatment with 
ephin, appropriate specimens should be obtained for isola- 
of the causative organism and for determination ofits suscep- 
tility to the drug. Therapy may be imstituted prior to obtaining 
Its of susceptibility testing. 

RAINDICATIONS: Rocephin is contraindicated in patients with 
wn allergy to the cephalosporin ciass of antibiotics. 


ANINGS: BEFORE THERAPY WITH 8OCEPHIN IS INSTITUTED, 
REFUL INQUIRY SHOULD BE MACE TODETERMINE WHETH- 
THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
TIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
UGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
JICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
DMINISTERED WITH CAUTION TC ANY PATIENT WHO HAS 
SMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE 
Ð OTHER EMERGENCY MEASURES. 

membranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
in severity from mild to life- . Therefore, consider this diagnosis in patients who present 
diarrhea subsequent to administration of antibacterial agents. 
atment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
ostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
ibiotic-associated colitis.” 
fer establishing diagnosis of pseucomembranous colitis, initiate therapeutic measures. Mild 
es of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate 
evere cases, consider management with fluids andielectrolytes, protein supplementation and 

ent with an oral antibacterial drag effective against C. difficile. 


ECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
srved, at the recommended dosages, the nephrotexic potential of Recephin is similar to that 

ther cephalosporins. 

iaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). There- 

, patients with renal failure normaily require no adjustment in dosage when usual doses of 

bephin are administered, but concentrations of drug in the serum should be monitored period- 

Aly. if evidence of accumulation exists, dosage should be decreased accordingly. 


Pf sage adjustments should not be necessary in patients with hepatic dysfunction; however, in 
datients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not 
bxceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin times have eccurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or iow vitamin K stores (e.g., chronic hepatic disease and mal- 
utrition) may require monitoring of prethrombin time during Rocephin treatment. Vitamin K ad- 
inistration (10 mg weekly) may be necessary if the prothrombin time is prolonged before or 
during therapy. 
rolonged use of Rocephin may result im overgrowth of nonsusceptible organisms. Careful obser- 
ation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 
30cephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ase, especially colitis. 
cases reported of sonographic abmormailities seenin the gallbladder; patients may also have 
toms of gallbladder disease. These abnormalities, variously described as sludge, pre- 
tions, echoes with shadows, may se misinterpreted as concretions. Chemical nature of son- 
hically-detected material not determined, Condition appears to be transient and reversible 
discontinuation of Rocephin amd ccnservative management. Therefore, discontinue 
phin if signs and symptoms suggestive of gallbladder disease and/or the sonographic find- 
escribed above develop. 


OGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
mum duration of treatment anc the class of the compound, carcinogenicity studies with 
one in animals have not been performed. The maximum duration of animal toxicity studies 
| months. 
~jesis: Genetic toxicology tests mcluded the Ames test, a micronucleus test and a test for 
somal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
i4 no potential for mutagenic activity in these studies. 
nt of Fertility: Ceftriaxone producedno impairment of fertility when given intravenously to 
pay doses up to 586 mg/kg/day approximately 20 times the recommended clinical dose 
m/day. 
: / ANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 
jd in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
Wotoxicity, fetotoxicity or teratogemcity. In primates, no embryotoxicity or teratogenicity was 
; strated at a dose approximately “hree times the human dose. 
fe are, however, no adequate and well-cont rolied studies in pregnant women. Because animal 
uctive studies are not always predictive of human response, this drug should be used dur- 







































































Once-a-day 





ceftriaxone sodium/Roche 









en “gene Bhycysn tate in the Segment | (fertility and general reproduction) and Segment it 
perinatal and postnatal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnatal 


growth, functional behavior and reproductive ability ofthe offspring, at doses of 585 mg/kg/day or less. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised whan Rocephin is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have 
been established for the dosages described in the Dosage and Administration section. /n vitro 
studies have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from ser- 
um albumin. Rocephin should not be administered to hyperbilirubinemic neonates, especially 
prematures. 

ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, whi"h were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 

LOCAL REACTIONS — pain, induration or tenderness at the site of injection (1 %). Less frequently 
reported (less than 1%) was phlebitis after |.V. administration. 

HYPERSENSITIVITY — rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 

HEMATOLOGIC —eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less fre- 
quently reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and 
prolongation of the prothrombin time. 

GASTROINTESTINAL — diarrhea (2.7%). Less frequently reported (less than 1%) were nausea 
or vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or 
after antibiotic treatment (see WARNINGS). 

HEPATIC —elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 

were elevations of alkaline phosphatase and bilirubin. 

RENAL — elevations of the BUN (1.2%). Less frequently reported (less than 1%} were elevations of 
creatinine and the presence of casts in the urine. 

CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%). 
GENITOURINARY — moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 

MISCELLANEOUS —diaphoresis and flushing were reported oc- 
casionally (less than 1%). 

Other rarely observed adverse reactions (less than 0.1 %) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, adecrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serumsickness, abdorm- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 

DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 

For the treatment of serious miscellaneous infections in children, 
other than meningitis, the recommended total daily dose is 50 to 

75 mg/kg (not to exceed 2 grams), given in divided doses every 

12 hours. 

Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection Fave disappeared. 
The usual duration is 4 to 14 days; in complicated infections long- 

er therapy may be required. 

Inthe treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be administered with or without a 
loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 

No dosage adjustment is secessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis 
patients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOTFOR DIRECT ADMINISTRATION). 

Also supplied as a sterilexcrystalline powder as follows: 

ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone. 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,’ as follows: 

1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added. 

2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 

NOTE: Rocephin in the frezen state should not be stored above -20°C. 

*Registered trademark of Abbott Laboratories, Inc. 

‘Manufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 

ratories, Inc., Deerfield, Minois 60015. 
Revised: February 1991 
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340 Kingsland Street 
Nutley, New Jersey 07110-199 
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The Osler Institute 


Surgery Boards Review Course 
September 16-22 and 20-22, 1991 — Pittsburgh 


October 9-15 — Chicago 


November 1-3 — Boston 


Now, your course for written and oral boards offers unlimited mock exam 


OBJECTIVES 


To increase knowledge of surgical principles and practice 


e To prepare candidates to take written and oral board exams 


è To provide a comprehensive review for recertification 





"The faculty was outstanding. The most pleasant thing was learning a tremendeus amount, 


METHODS 


e HOME STUDY questions, assignments and answers 
e SEMINAR with slides and syllabus (Part I course only) 
è PRACTICE EXAMS with written and oral sections 


not only from world-famous authorities but from people who are relatively unknown as well.""* 


P.O. Box 2218 
Terre Haute, IN 47802 


Part I Courses: Part II Courses: Faculty 
Sept. 16-22 — Pittsburgh Sept. 20-22 — Pittsburgh Robert Arenson, M.D. 

Royce Hotel Royce Hotel Robert Bahnson, M.D. 
per 9-15 — Chicago November 1-3 — Boston W. Christopherson, M.D. 
Basic Surgery pec. L15- Jackovi? 5 deal Coron, VLD CAN. 
Anatomy The Part II Course is designed Howard Edington, M.D. 
whereas po: prepare < candidates i Robert Feder, M.D. 

nesthesiology exams. The course w 

Shock ist ol mat caal aana. T. Bruce Ferguson, M.D. 
Neoplasia each based on a presenting Charles Goldman, M.D. 
Transplantation problem leading to questions Richard Grece, M.D. 
Trauma and Burns on differential diagnosis, treat- Ake Grenvik, M.D. 
Surgical Critical Care E et ay ace Charles E. Hartford, M.D. 
Pre- and Post-op. Care satir ean and answer ques- Peter Jannetta, M.D. 
General Surgery tions. Edwin Kaplan, M.D. 

. Each participant will have an Mary Jeanne Krob, M.D. 
Alimentary Tract 
Abdomen exam = pes En e Eberhard Mammen, M.D. 

x unlimi rvation er a 
Breast and Skin sessions. Additional 25-minute "®rY Mancin:, M.D. 
Endocrine sessions may be arranged for Thomas Rice, M.D. 
Head and Neck $70 and private sessions (i.e Harry Richter, M.D. 
i no other participants observ- Theodore Sactarides, M.D. 
Spec ial Surgery ing) may be arranged for an ad- : 
Thoracic Surgery ditional $30. Topics will in- Armando Sardi, M.D. + 
Sane vad clude diseases and trauma of: F. Clark Sauls, M.D. 
asc urge - N her, M.D. 

Orthopedic Suge poumentaxy Tract tage seme M.D 
Hand Surgery Abdomen John Van Gilder, M.D. 
Pediatric Surgery Breast and Skin Jorge Varcelotti, M.D. 
Urologic Surgery Head and Neck David P. Vogt. M.D 
Gynecologic Surgery ; zi 
Neurosurgery Thorax Steven Wanamaker, M.D. 
Ophthalmology Vascular System Robert Wilson, M.D. 
Plastic Surgery Endocrine System t Course Direccor 
r SR CRS SSCS SR SSS SSS SSS SSS SS SSS SSS SESS SESE ESTES ESSE SUES EEE 
: Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 
Name 
: Address 
: City/State/Zip 
Phone 
: 5 For: [C] Part I Course: 
: Mail today to: C Part II Course: 
' 1094 Dawn Lane, Dept. 107 —r >] > 














te 
C Check is enclosed for $ 


[C] Please send FREE SAMPLE 






“Accommodations were comfortable...'* 


COURSES AND LOCATIONS: The Par 

I course is mostly lectures and evening mock 
oral exams to help you prepare for your writ- 

ten and oral or recertification exams. The 

Part II course is mock oral exams for three 
days before and in the same city as each ora 

exam. Each participant is guaranteed a one- 

on-one public mock oral and can purchase 
additional public or private exams. Before 
either course home study questions anc 

answers will be sent upon receiving half of 
your registration fee. Past participants 
recommend taking the course well before 
boards and repeating for half price im: 

mediately before your exam. 


"and those little extras....""* 


LOWEST AIR FARES: Please calf 
toll- free 1-800-548-8185 for group fares. 


"..the most education for the money."* 


FEES AND CATEGORY 1 HOURS: 
® Surgeon or Resident: 
© Part I course (7 days): 
repeating within 3 years: $390 
© Part II course (3 days): 
repeating within 3 years: $270 
è Extra mock oral exam: 
© Private mock oralexam: $100 $100 
è Add 10% within 10 days of the course. 
e Attendees not in course hotel add $20/day. 
© Deposit of $50 will reserve your position. 7 
© Subject to $50 charge, refunds will be made 
until the seminar begins. 


"home study material was extremely helpful.’* 


ACCREDITATION: The Alton Ochsner 
Medical Foundation is accredited by the Ac- 
creditation Council for Continuing j 
Education (ACCME) to sponsor contin 
medical education for physicians. 

The Alton Ochsner Medical Foundation. 
designates this continuing medical educ? 
tion activity for 65 hours (Part I cours: 
or 28 hours (Part II courses) in Categoi 
1 of the Physician’s Recognition Award < 
the American Medical Association. 


"I feel [the course] helped me pass...'* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, Terre Haute, IN 4780: 
(812) 299-5658 


(800) 356-7537 


*Comments by Osler participants 
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ee ane May be habit forming] 


Some interruptions ~vicodin ES* 


(hydrocodone bitartrate 7 Smg [Warning: May be habit forming} 


— sy 





"| Lt and acetaminophen 750 mg) 
C 
£ ) INDICATIONS AND USAGE: For the relief of moderate to moderately 
IA severe pain. ay 
ji E CONTRAINDICATIONS: Hypersensitivity to acetaminophen or 
. hydrocodone. 
WARNINGS: 


iS) Siar . vie ; ' . i . mage) Se 7 Allergic-Type Reactions: VICODIN/VICODIN ES Tablets contain sodium 
le interruptions caused by uncontrolled high blood pressure at your metabisulfite, a sulfite that may cause allergic-type reactions including 
. a 5 t oes s , ; ; anaphylactic symptoms and life-threatening or less severe asthmatic 
orksite can be enormous and costly. In business terms, just consider episodes in certain susceptible people. 
= t , ah , F , ; Respiratory Depression: At high doses or in sensitive patients, 
e absenteeism, disability and payments of insurance claims. And in hydrocodone may produce dose-related respiratory depression. 
; i i PEA Head Injury and Increased Intracranial Pressure: The respiratory 
uman terms, just consider that a lot of people have lost their lives to ressant effects of narcotics and their capacity to elevate cerebrospi- 
i nal fluid pressan may be markedly exaggerated in the presence of head 
Aigh blood pressure injury, other intracranial lesions or a preexisting increase in intracranial 
© ‘ pressure. Furthermore, narcotics produce adverse reactions which may 
obscure the clinical course of patients with head injuries 
Acute Abdominal Conditions: The administration of narcotics may 
obscure the diagnosis or clinical course of patients with acute abdominal 


šo it makes good business sense to start a blood pressure control pro- 


gram where you work. Not only will it help your employees control PRECAUTIONS: 
a Re fh : “ Special Risk Patients: VICODIN/VICODIN ES Tablets should be used 
sheit high blood pressure. it W ill tell them that you care. And that can with caution in elderly or debilitated patients and those with severe 
483 “a i impairment of hepatic or renal function, hypothyroidism, Addison's dis- 
Je PC od for business. ease, prostatic hypertrophy or urethral stricture. 


Cough Reflex: Hydrocodone suppresses the cough reflex; as with all 
narcotics, caution should be exercised when VICODIN/VICODIN ES Tab- 


alk to us about starting a worksite high blood pressure lets are used postoperatively and in patients with pulmonary disease. 
à . Drug Interactions: Patients receiving other narcotic analgesics, antipsy- 
intro} p rogram. chotics, antianxiety agents, or other CNS depressants (including alcohol) 


concomitantly with VICODIN/VICODIN ES Tablets may exhibit an additive 
CNS depression. The use of MAO inhibitors or tricyclic antidepressants 
with hydrocodone preparations may increase the effect of either the 


x l antidepressant or hydrocodone. The concurrent use of anticholinergics 

IGH BLOOD PRESSURE CONTROL PROGRAM ety spree 8 produce paralytic ileus. , 

° Usage in Pregnancy: 

etter F or Business. Teratogenic Effects: Pregnancy Category C. Hydrocodone has been 
shown to be teratogenic in hamsters when ve in doses 700 times the 
The National High Blood human dose. There are no adequate and well-controlled studies in 
; pregnant women. VICODIN/ VICODIN ES Tablets should be used during 
Pressure Education Program; pregnancy only if the potential benefit justifies the potential risk to the 


The National Heart, Lung, fetus. 
and Blood Institute; National Nonteratogenic effects: Babies born to mothers who have been tak- 
Institutes of Health: Public ing opioids regularly prior to delivery will be physically dependent. The 


Aaa withdrawal signs include irritability and excessive crying, tremors, hyper- 
Health Service; U.S. active reflexes, increased respiratory rate, increased stools, sneezing, 
Department of Health and yawning, vomiting, and fever. 
Human Services Labor and Delivery: Administration of VICODIN/VICODIN ES Tablets to 
the mother shortly before delivery may result in some degree of respira- 
tory depression in the newborn, especially if higher doses are eel 
Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions in nursing infants 
from VICODIN/VICODIN ES Tablets, a decision should be made whether 
to discontinue nursing or to discontinue the drug, taking into account the 
importance of the drug to the mother. 
Pediatric Use: Safety and effectiveness in children have not been 
established. 
ADVERSE REACTIONS: 
The most frequently observed adverse reactions include light-headedness, 
dizziness, sedation, nausea and vomiting. These effects seem to be more 
prominent in ambulatory than in nonambulatory patients and some of 
these adverse reactions may be alleviated if the patient lies down. Other 
adverse reactions include: 
Central Nervous System: Drowsiness, mental clouding, lethargy, impair- 
ment of mental and physical performance, anxiety, fear, dysphoria, psy- 
chic dependence and mood changes. 
Gastrointestinal System: The antiemetic phenothiazines are useful in 
suppressing the nausea and vomiting which may occur (see above); 
however, some phenothiazine derivatives seem to be antianalgesic and 
to increase the amount of narcotic required to produce pain relief, while 
other phenothiazines reduce the amount of narcotic required to produce 
a given level of analgesia. Prolonged administration of VICODIN/VICODIN 
ES Tablets may produce constipation. 
Genitourinary System: Ureteral spasm, spasm of vesical sphincters 
and urinary retention have been reported. 
Respiratory Depression: Hydrocodone bitartrate may produce dose- 
related respiratory depression by acting directly on the brain stem respi- 
ratory center. Hydrocodone also affects the center that controls respiratory 
rhythm, and may produce irregular and periodic breathing. If significant 
respiratory depression occurs, it may be antagonized by the use of 
naloxone hydrochloride. Apply other supportive measures when indicated 
DRUG ABUSE AND DEPENDENCE: 
VICODIN/VICODIN ES Tablets are subject to the Federal Controlled Sub- 
stance Act (Schedule Ill). Psychic dependence, physical dependence, and 
tolerance may develop upon repeated administration of narcotics; there- 
fore, VICODIN/ VICODIN ES Tablets should be prescribed and adminis- 
tered with caution. 
OVERDOSAGE: 
Acetaminophen Signs and Symptoms: In acute acetaminophen over- 
dosage, dose-dependent, potentially fatal iepatic necrosis is the most 
serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and 


ceftriax a ko thrombocytopenia may also occur. Early symptoms folowing a poten- 
NaS $ : tially hepatotoxic overdose may include: nausea, vomiting, diaphoresis 
iut: t: and general malaise. Clinical and laboratory evidence of hepatic toxicity 


rc * may not be apparent until 48 to 72 hours post-ingestion 

a Hydrocodone Signs and Symptoms: Serious overdose with 
hydrocodone is characterized by respiratory depression (a decrease in 
respiratory rate and/or tidal volume, Cheyne-Stokes respiration, (cyano- 
sis), extreme somnolence progressing to stupor ar coma, skeletal muscle 
flaccidity, cold and clammy skin, and sometimes bradycardia and hypo- 
tension. In severe overdosage, apnea, circulatory collapse, cardiac arrest 
and death may occur. 


j Knoll Pharmaceuticals 
Revised June 1989 A Unit of BASF K&F Corporatior O 
R 


Whippany. New Jersey 07981 


5864 BASF Grou knoll 
j 799 
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“0M PAINS 
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rickUUM: : 


Extra strength pain relief 
free of extra prescribing 
restrictions. 















E Telephone prescribing in most states _ 
WE Up to five refills in 6 months 
W No triplicate Rx required 


Excellent patient acceptance. 


In 12 years of clinical experience, nausea, sedation and 
constipation have rarely been reported. ' 


COMPARATIVE PHARMACOLOGY OF TWO ANALGESICS 


Emesis Physical 


Blank space indicates that no such activity has been reported. Table adapted from Facts and Comparisons 

1991 and Catalano RB. The medical approach to management of pain caused by cancer. Semin. Oncol. 

1975; 2; 379-92 and Reuler JB, et. al. The chronic pain syndrome: misconceptions and management. Ann. \ 
TENi 


Intern. Med. 1980 588-96. ae 
i ; aE ~ LAN 
The heritage of VICODIN;”* over a billion 2 ‘\ TAN 
doses prescribed.’ 7 y Eea 
@ VICODIN ES provides greater central and peripheral A Be e 
action than other hydrocodone/acetaminophen combinations. \ aie 
è Four to six hours of extra strength pain relief from a single dose R 
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Surgical Options in 424 Patients With Primary Breast Cancer 
Without Systemic Metastases 
William H. Wolberg, MD, Madison, Wis 


è Conservation was accomplished in approximately 25% of patients; younger women 
expressed a desire for breast conservation more often than older women. 


The Role of Tagged Red Blood Cell Imaging in the Localization 
of Gastrointestinal Bleeding 
D. Eric Bentley, MD, J. David Richardson, MD, Louisville, Ky 


è Tagged RBC scanning is a poor diagnostic and localizing technique 
for gastrointestinal bleeding. 


Prognosis of Symptomatic Duodenal Adenomas in Familial 


Adenomatous Polyposis 
P. Sue Beckwith, MD; Jon A. van Heerden, MD; 
Roger R. Dozois, MD, Rochester, Minn 


è Early diagnosis and long-term surveillance of asymptomatic patients with FAP allow 
discovery of duodenal tumor earlier and thereby avoid the dismal prognosis once invasive 
cancer has developed. 


Extracorporeal Lithotripsy: An Important Adjunct in the 
Nonoperative Management of Retained or Recurrent 

Bile Duct Stones 

Frederic E. Eckhauser, MD; Steven E. Raper, MD; James A. Knol, MD; 
Michael W. Mulholland, MD, PhD; Timothy T. Nostrant, MD; Grace Elta, MD; 
Jeffrey Barnett, MD; L. Paul Sonda, MD, Ann Arbor, Mich 


@ ESWL is a safe, effective adjunct in selected patients with complex biliary stone disease. 
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Biliary Pancreatitis: Operative Outcome With 

a Selective Approach 

Wayne H. Schwesinger, MD; Carey P. Page, MD; Kenneth R. Sirinek, MD, PhD; 
Barry A. Levine, MD; J. Bradley Aust, MD, PhD, San Antonio, Tex 


è Aselective approach to biliary pancreatitis allows the operation to be performed electively 
in the majority of patients and is associated with a low mortality rate. 





Short-bowel Syndrome in Children: Quality of Life in an Era 
of Improved Survival 


Thomas R. Weber, MD; Tom Tracy, Jr, MD; Robert H. Connors, MD, St Louis, Mo 


® Modern nutritional support provides excellent survival and quality of life for children wth 
SBS; the absence of an ileocecal valve did not affect outcome. 


Surgical Evaluation of Henoch-Schénlein Purpura: 


Experience With 110 Children 
Schmuel Katz, MD; Marilyn Borst, MD; Inder Seekri, MD; 
Jay L. Grosfeld, MD, Indianapolis, Ind 


@ HSP requires an early diagnosis based on clinical, radiographic, and laboratory findings; 
life-threatening complications may occur requiring operative intervention. 


Acute Diverticulitis: A Complicated Problem in the 


Immunocompromised Patient 
Edward S. Tyau, MD; Jay B. Prystowsky, MD; Raymond J. Joehl, MD; 
David L. Nahrwold, MD, Chicago, III 


@ There is a greater risk of free perforation in the immunocompromised patient with acute 
diverticulitis than in the nonimmunocompromised patient. 


A Growing Spectrum of Surgical Disease in Patients With 
Human Immunodeficiency Virus/Acquired Immunodeficiency 


Syndrome: Experience With 120 Major Cases 

Nancy A. Diettrich, MD; John C. Cacioppo, MD; Gerald Kaplan, MD; 

Steven M. Cohen, MD, Chicago, III 

@ Emergency and elective procedures can be performed in HIV-positive patients with AICS 


with acceptable morbidity and mortality. 
Invited Commentary: Eric Wilson, MD, Torrance, Calif 


Surveillance for Recurrent Stenosis After Endovascular 


Procedures: A Prospective Study 

Brian V. Miller, MD; William J. Sharp, MD; 

Asad R. Shamma, MD; Timothy F. Kresowik, MD; 

Sharon Petrone, CCRN; John D. Corson, MB, ChB, lowa City, lowa 

© Restraint is advised concerning general acceptance of endovascular procedures pending 


critical study. 
Invited Commentary: E. Eugene Strandness, MD, Seattle, Wash 


Management of Infected Aortoiliac Aneurysms 

Daniel J. Reddy, MD; Alexander D. Shepard, MD; James R. Evans, MD; 

Dennis J. Wright, MD; Roger F. Smith, MD; Calvin B. Ernst, MD, Detroit, Mick 

è Patients with primary infections of the abdominal aorta and iliac arteries continue to 
present with advanced infections or aneurysm rupture, which result in a high mortality 
rate. 


Dipyridamole Thallium Scanning in the Evaluation of Coronary 
Artery Disease in Elective Abdominal Aortic Surgery 
Dale J. Strawn, MD, James M. Guernsey, MD, Martinez, Calif 


e DTS for cardiac screening in low-risk patients is beneficial prior to elective aortic 
operations with an abnormal ECG, angina, or a history of MI. 
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4 consequence of today’s Trinsicon provides the nutrients 
*ransfusion climate needed to rebuild red cell mass 
_]Many surgeons prefer to tolerate anemia [_/Provides iron as ferrous fumarate — for 
ather than use banked blood products’ optimal iron absorption’ 
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A Highly Potent Oral Antianemia Preparation 


INDICATIONS AND USAGE: TRINSICON* is a multi- 
factor preparation effective in the treatment of anemias 
that respond to oral hematinics, including pernicious 
anemia and other megaloblastic anemias and also iron- 
deficiency anemia. Therapeutic quantities of 
hematopoietic factors that are known to be important 
are present in the recommended daily dose. 
CONTRAINDICATIONS: Hemochromatosis and 
hemosiderosis are contraindications to iron therapy. 
PRECAUTIONS: General: Anemia is a manifestation 
that requires appropriate investigation to determine its 
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treatment of pure vitamin B12 deficiency states, such as 
pernicious anemia. Folic acid may obscure pernicious 
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> Volume One— 


America’s Adolescents: 
How Healthy Are They? 


This volume provides an overview 
of the major issues, including 
mental health sexual behavior, 
substance use, HIV/AIDS, 
chronic illness, causes of death 
and more. 


Authored by Janet E. Gans, Ph.D., 
in collaboratien with Dale A. 
Blyth, Ph.D., Arthur B. Elster, 
M.D., and Leaa Lundgren 
Gaveras, M.A. 


> Volume Two— Adolescent 


Health Care: Use, Costs and 
Problems of Access 


This volume presents and inter- 
prets national statistics on the 
use, financing and availability of 
adolescent health care services 
including: 


>» Which healt. care services 


adolescents use 


> Adolescent h2alth insurance status 
>» What U.S. femilies spend on 


adolescent health care 


> Non-financial barriers that limit 


adolescent use of health services 


> Policy options for improving health 


access 


Authored by Janet E. Gans, Ph.D., 
Margaret A. McManus, M.H.S. 
and Paul W. Newacheck, Dr.P.H. 





The AMA Profiles of Adolescer 
Health series provides the most 
comprehensive and concise reft 
ences available on adolescent 
health issues. 


Both volumes are highly readal 
and illustrated with charts and 
graphs that can be easily 
reproduced and incorporated ir 
reports, proposals, presentatio: 
and other educational and 
advocacy materials. 
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$22.00 


To order call toll-free 


1-800-621-8335 


Visa, MasterCard, American Express and 
Optima. Appropriate U.S., state and Cana 
dian sales tax will be added as applicable. 
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information. 
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meperidine 100 mg IM and morphine 12 mg IM 









Start recovery without narcotic 
side effects 

No respiratory depression’ 

No hypotension’ 

Less nausea and vomiting’ 
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Efficacy comparable to that of ga 
meperidine 100 mg IM and 
morphine 12 mg | 


Avoids narcotic side effects 
that can delay ambulation’ 


Flexible use, with or 
without narcotics 


Advantages for patients at 
narcotic and/or respiratory risk 


Convenient qóh regimen 


Can be supplemented with prn narcotic 
for severe or “breakthrough” pain 


TORADOL * and narcotics may be administered concomitantly 
but not in the same syringe. 


References: 1. Brandon Bravo LC, et al. The effects on ventilation of ketorolac in comparison with morphine. Eur J Clin Pharmacol. 
1988;35:491-494. 2. Camu F, et al. Hemodynamic effects of ketorolac tromethamine in comparison to morphine in anesthetised 

patients. In: 9th World Congress of Anaesthesiologists, Abstracts Volume |: Scientific Papers A0001 to A0306; May 22-28, 1988; USA. 
Abstract A0167. 3. Data on file, Syntex Laboratories, Inc. (ICM studies: 994, 1060, 1234, 1254, 1302” TORADOL 30 mg IM (N=509), 
morphine 10 mg/12 mg IM (N=151) multidose studies; TORADOL 30 mg IM (N=103), meperidine 100 mg IM (N=102) single-dose 
studies. Nausea: TORADOL 8%, morphine 21%/TORADOL 3%, meperidine 20%; Vomiting: TORADOL 5%, morphine 9%/TORADOL 1%, 
meperidine 12%; Somnolence: TORADOL 14%, morphine 34%/TORADOL 6%, meperidine 14%; CNS Efects: TORADOL 23%, morphine 
44%/TORADOL 21%, meperidine 30%.] 4. Data on file, Syntex Laboratories, Inc. (ICM study: 1324). 


* As with other nonsteroidal drugs, the most frequently reported side effe=ts are 
gastrointestinal, with some Gl symptoms reported by 3% to 9% of patients in clinical trials. 
See “Warnings,” “Precautions” and “Adverse Reactions” sections of product information. 
Please see summary of product information on following page. 
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f Summary 
ADOL is a nonsteroidal antiinflammatory drug (NSAID). TORADOL 15 mg/mL solution contains 10% (w/v) alcohol, USP, 
6.68 mg sodium chloride in sterile water. The 30 mg/mL solution contains 10% (w/v) alcohol, USP, and 4.35 mg sodium 
ride in sterile water. The pH is adjusted with sodium hydroxide or hydrochloric acid. Indications and Usage: Indicated 
he short-term management of pain. Not recommended for use as an obstetrical preoperative medication or for obstetrical 
esia because it has not been adequately studied and because of the known effects of NSAIDs on uterine contraction and 
circulation. Not recommended for routine use with other NSAIDs because of the potential for additive side effects 
DOL protein-binding is affected by aspirin but not by acetaminophen, ibuprofen, naproxen or piroxicam. Studies with 
NSAIDs have not been done. Has been used concomitantly with morphine and meperidine without adverse interactions 
traindications: Do not use in patients with hypersensitivity to ketorolac or with the complete or partial syndrome of 
polyps, angioedema, and bronchospastic reactivity to aspirin or other NSAIDs Warnings: Although TORADOL 
ion is recommended for short-term use only, long-term administration of oral ketorolac has shown that this drug shares 
sks of other NSAIDs when taken chronically. Serious GI toxicity, such as bleeding, ulceration, and perforation, can occur at 
time, with or without warning symptoms, in pawents treated chronically with NSAIDs. Remain alert for ulceration and 
ing in such patients, even in the absence of previous GI tract symptoms. In clinical trials, symptomatic upper GI ulcers, 
s bleeding or perforation appear to occur in approximately 1% of patients treated for 3-6 months, and in about 2-4% of 
nts treated for 1 year. Inform patients about the sgns and/or symptoms of serious Gl toxicity and what steps to take if they 
r. Studies have not identified any subset of patients not at risk of developing peptic ulceration and bleeding Except for a 
history of serious Gl events, and other risk factors known to be associated with peptic ulcer disease, such as alcoholism, 
ing, etc.. no risk factors (e.g., age. sex) have been associated with increased risk. Elderly or debilitated patients seem to 
te ulceration or bleeding less well than others and most spontaneous reports of fatal GI events are in this population 
oses of an NSAID probably carry a greater risk ef these reactions. In considering the use of relatively large doses (within 
commended dosage range), sufficient benefit should be anticipated to offset the potential increased risk of GI toxicity 
utions: Impaired Renal or Hepatic Function: As with other NSAIDs, use with caution in patients with impaired renal or 
ic function, or a history of kidney or liver disease. Renal Effects: As with other NSAIDs, long-term administration to 
Is resulted in renal papillary necrosis and other abnormal renal pathology. In humans, hematuria and proteinuria have 
ed in long-term trials with oral ketorolac with afrequency and degree similar to aspirin. A second form of renal toxicity 
een seen in patients with conditions leading to 2reduction in blood volume and/or renal blood flow. In these patients, an 
AID may precipitate overt renal failure. Patients atigreatest risk are those with impaired renal function, heart failure, liver 
unction, taking diuretics, and the elderly. Discontinuation of the NSAID is typically followed by recovery. Use with caution 
Stients with impaired renal function as reduced creatinine clearance results in reduced clearance of the drug. Follow such 
ments closely. Fluid Retention and Edema: These have been reported with NSAIDs: use TORADOL with caution in patients 
se cardiac decompensation, hypertension, or similar conditions. Hepatic Effects: With NSAIDs, borderline elevations of liver 
ş may occur in up to 15% of patients. These mey progress, remain unchanged, or disappear with continued therapy 
ions of ALT (SGPT) or AST (SGOT) occurred in clinical trials with oral ketorolac in less than 1% of patients. Evaluate a 
with symptoms and/or signs suggesting liver dysfunction, or in whom an abnormal liver test has occurred, for evidence 
re severe hepatic reaction. Hematologie Effects: TORADOL inhibits platelet aggregation and may prolong bleeding time 
jes not affect platelet count, prothrombin ume (PT) or partial thromboplastin time (PTT). Carefully observe patients with 
aulation disorders or who are receiving drug therapy that interferes with hemostasis. Inhibition of platelet function by 
MADOL disappears within 24-48 hours after the drug is discontinued. In clinical studies, the incidence of clinically 
ificant postoperative bleeding was 0.4% comparec to 0.2% in the groups receiving opiates. Drug Interactions: TORADOL is 
sly bound to plasma protein (mean 99.2%), independent of concentration /n vitro binding of warfarin to plasma proteins is 
atly reduced by TORADOL (99.5% control vs 99.3% with TORADOL 5-10 g/mL). TORADOL does not alter digoxin protein 
ing. At therapeutic concentrations of salicylate (S00 pg/mL), mn vitro binding of TORADOL was reduced from 99.2% to 
"4, a potential 2-fold increase in unbound TORACOL plasma levels; hence, use TORADOL with caution (or at a reduced 
we) in patients being treated with high dose salicylate regimens Therapeutic concentrations of digoxin, warfarin, 
sofen, naproxen, acetaminophen, phenytoin, tolbutamide and piroxicam did not alter TORADOL protein binding. In a study 
healthy volunteers given TORADOL 10 mg orally for 6 days prior to co-admunistration of a single dose of warfarin 25 mg, 
gnificant changes in pharmacokinetics or pharmacodynamics of warfarin were detected. In another study of 12 healthy 
nteers, co-administration of heparin 5000 U s.e. and TORADOL did not show any pharmacodynamic effects of the 
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combination on template bleeding time or kaolin cephalin clotting time. There is no evidence that TORADOL induces or inhibi 
the hepatic enzymes capable of metabolizing itself or other drugs. Some NSAIDs inhibit renal lithium clearance, leading | 
increased plasma concentration. This has not been studied with TORADOL Some NSAIDs reduce the clearance | 
methotrexate, enhancing its toxicity. This has not been studied with TORADOL. TORADOL has been administered concurrent 
with morphine in clinical trials without adverse interactions. Carcinogenesis, Mutagenesis, and /mpairment of Fertilit 
Studies in mice and rats at oral doses equal to or 2.5 times the parenteral MRHD (Maximum Recommended Human Dose 
respectively, showed no evidence of tumorigenicity. Ketorolac was not mutagenic in tests with S. typhimurium, S. cerevisia! 
or E. coli and did not cause chromosome breakage in the /n vivo mouse micronucleus assay Impairment of fertility did ni 
oecur in male or female rats at oral doses 4.5 and 8 times the parenteral MRHD, respectively. Pregnancy: Pregnancy Catego! 
B: Reproduction studiesin rabbits and rats with daily oral doses 1.8 and 5 times the parenteral MRHD, respectively, did ni 
reveal evidence of harm to the fetus. Ketorolac caused delayed parturition and dystocia in rats at oral doses higher than tt 
parenteral MRHO, like other NSAIDs. There are no adequate and well-controlled studies in pregnant women TORADOL shou 
be used during pregnancy only if clearly needed and no known safer alternatives are availabe Labor and Delivery: TORADOL 
not recommended for use during labor and delivery. Lactation and Nursing: After a single oral dose of TORADOL 10 mg 
humans, the maximum milk concentration was 7.3 ng/mL and the maximum milk-to-plasma ratio was 0.037. After one day 
dosing (gid), the corresponding values were 7.9 ng/mL and 0.025. Use caution when TORADOL is administered to a nursi 
woman. Pediatric Use: TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac is clean 
more slowly by the elderly, who are also more sensitive to renal effects of NSAIDs, use extra caution and reduced dosages whi 
treating the elderly. Adverse Reactions: Adverse reaction rates from short-term use of NSAIDs are generally 1/2 to 1/ 
the rates associated with chronic usage. This is also true for TORADOL. In studies of patients treated for up to 1 year, tl 
incidence of serious and nonserious ADRs, including G! tract ulceration and bleeding {yearly rate 1.2 to 5.4%), associated wi 
oral ketorolac 10 mg, 1 ta 4 times per day prn, was comparable to treatment with aspirin 650 mg prn. Be alert for the ust 
complications of NSAID seatment. The adverse reactions listed below were reported to be probably related to TORADOL 
trials in which patients received up to 20 doses of TORADOL 30 mg IM in 5 days. /ncidence greater than 1%: Body as a who 
edema. Gl: nausea* dyspepsia* GI pain* diarrhea. Nervous system: drowsiness,” dizziness headache, sweating. Injecti 
site pain was reported by 2% of patients in multidose studies (vs 5% for morphine). *Incidance of reported reaction 3%-9 
Reactions occurring in less than 3% are unmarked. /ncidence 1% or less: Body as a whole: asthenia, myalgia Cardiovascul 
vasodilation, pallor. Dermatologic: pruritus, urticaria. Gl: constipation, flatulence, GI fullness, liver function abnormalitit 
melena, peptic ulcer, reetal bleeding, stomatitis, vomiting. Hemic and lymphatic: purpura Nervous system: dry mou 
nervousness, paresthesia, abnormal thinking, depression, euphoria, excessive thirst, inability to concentrate, insomn 
stimulation, vertigo. Respiratory: dyspnea, asthma. Special senses abnormal taste, abnormal vision. Urogenital: increas 
urinary frequency, oliguria. Drug Abuse and Physical Dependence: TORADOL is not a narcotic agonist or antagoni 
Subjects did not show any symptoms or signs of withdrawal upon abrupt discontinuation of lV or IM dosing. Patients receivi 
TORADOL orally for = & months have not developed tolerance and there is no pharmacologic basis to expect addict 
TORADOL did not exhibitactivity in classical animal studies which are reasonable predictors of opiate analgesic action 
vitro, TORADOL does nothind to opiate receptors. Thus, TORADOL does not have central apiate-like activity Overdosac 
Lack of experience with acute overdosage precludes characterization of sequelae and assessment of antidotal efficacy 
single oral doses > 100 mg/kg in rats, mice and monkeys, symptoms such as decreasec activity, diarrhea, pallor, labor 
breathing, rales, and vomiting were observed. Dosage and Administration: TORADOL may be used on aregular sched 
or arn, although current recommendations for pain management are to use analgesics on a regular schedule rather than | 
based on the return of pam. For the short-term management of pain the recommended initial dose 1s 30 or 60 mg IM a 
loading dose, followed by half of that (15 or 30 mg) every 6 hours as long as needed to contro! pain. The recomment 
maximum total daily dose is 150 mg for the first day and 120 mg/day thereafter. The lower end of the dosage range 
recommended for patients under 50 kg (110 pounds), for patients over 65 years of age, and for patients with reduced re 
function. CAUTION: Federal law prohibits dispensing without prescription 
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peritonitis following bowel resection. 


I ordered an aminoglycoside - there was 
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no reason not to. It wasn't long before 
her BUN and creatinine d 

started climbing. Cora g 

ended up spending an 

extra week in 


the hospital for 


acute renal failure. A he 


Some risk factors, 
like obesity, don't 
scream out at you- 
until something 


goes wrong." 





“Now I 
choose 
AZACTAM 
instead 


because...” 


AZACTAM provides outstanding aero- 
bic gram-negative coverage in vitro, 
including Pseudomonas aeruginosa.* 


No AZACTAM-induced nephrotoxicity 
or ototoxicity reported in clinical trials 
involving 4,570 patients worldwide.’ 


No need for costly routine therapeutic 
drug monitoring. 


No NMTT side chain, which may be 
associated with hypoprothrombin- 
emia and bleeding complications.’ 


Following IV administration, the most 
commonly seen adverse reactions 
occurred in less than 2% of patients, 
including local reactions, diarrhea, 
nausea, vomiting, and rash. 


aztreonam 
A logical alternative 


2-4 


to aminoglycosides. 


*Although a useful guide, in vitro data do not necessarily 
correlate with therapeutic outcome. 


tin these studies, transient elevations of serum creatinine 
were rarely observed. 


Please see brief summary of prescribing information on 
adjacent page. 





A logical alternative to aminoglycosides 





AZACTAIV’(aztrecnam) instead.: 





AZACTAM® FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION-AZACTAM (Aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacterici- 
dal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to yellowish- 
white lyophilized cake, containing approximately 780 mg arginine per gram of aztre- 
onam for intramuscular or intravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE-Before initiating treatment with AZACTAM, appropriate 
specimens should be obtained for isolation of the causative organism(s) and for de- 
termination of susceptibility to aztreonam. Treatment with AZACTAM may be started 
empirically before results of the susceptibility testing are available; subsequently, ap- 
propriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections (com- 
plicated and uncomplicated), including pyelonephritis and cystitis (initial and recurrent) 
caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter species* and Serratia 
marcescens*. Lower Respiratory Tract Infections, including pneumonia and bronchitis 
caused by Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Haemophilus influenzae, Proteus mirabilis, Enterobacter species and Serratia 
marcescens*. Septicemia caused by Escherichia coli, Klebsiella pneumoniae, Pseu- 
domonas aeruginosa, Proteus mirabilis*, Serratia marcescens* and Enterobacter species. 
Skin and Skin-Structure infections, including those associated with postoperative 
wounds, ulcers and burns caused by Escherichia coli, Proteus mirabilis, Serratia 
marcescens, Enterobacter species, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
and Citrobacter species*. Intra-abdominal Infections, including peritonitis caused by 
Escherichia coli, Klebsiella species, including K. pneumoniae, Enterobacter species in- 
cluding E. cloacae*, Pseudomonas aeruginosa, Citrobacter species* including C. fre- 
undii* and Serratia species* including S. marcescens*. Gynecologic Infections, 
including endometritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneu- 
moniae*, Enterobacter species* including E. cloacae* and Proteus mirabilis*. 

AZACTAN is indicated for adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hollow viscus perforations, cutaneous infections and infections of serous 
surfaces. AZACTAM is effective against most of the commonly encountered gram- 
negative aerobic pathogens seen in general surgery. 


Concurrent Therapy- Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before the causative organism(s) is known in seriously 
ill patients who are also at risk of having an infection due to gram-positive aerobic 
pathogens. If anaerobic organisms are also Suspected, therapy should be initiated 
using an anti-anaerobic agent concurrently with AZACTAM. Certain antibiotics (e.g., 
cefoxitin, imipenem) may induce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to many beta-lactam antibiotics including aztreonam. These in vitro findings 
Suggest that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam. Following identification and Susceptibility testing, appropriate an- 
tibiotic therapy should be continued. 


CONTRAINDICATIONS-Aztreonam is contraindicated in patients with known allergy 
to this antibiotic. 


WARNINGS-Pseudomembranous colitis has been reported with nearly all anti- 
bacterial agents, including aztreonam, and may range in severity from mild to life- 
threatening. Therefore, it is important to consider this diagnosis in patients who 
present with diarrhea subsequent to the administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by Clostridium 
difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic 
measures should be initiated. Mild cases of pseudomembranous colitis usually re- 
spond to drug discontinuation alone. In moderate to severe cases, consideration should 
be given to management with fluids and electrolytes, protein supplementation, and treat- 
ment with an oral antibacterial drug effective against C. difficile (e.g., vancomycin). 
Careful inquiry should be made for a history of hypersensitivity reaction to any an- 
tibiotic or other drugs. Antibiotics should be given with caution to any patient who 
has had some form of allergy, particularly to drugs. It is recommended that patients 
who have had immediate hypersensitivity reactions (€.g., anaphylactic or urticarial) 
to penicillins and/or cephalosporins should be followed with special care. If an al- 





*Efficacy for this organism in this organ system was studied in fewer than ten infections. 


lergic reacion to aztreonam occurs, discontinue the drug and institute supportive 
treatment s appropriate (e.g., maintenance of ventilation, pressor amines, antihis- 
tamines, corticosteroids). Serious hypersensitivity reactions may require epinephrine 
and other emergency measures. 


PRECAUTIONS™-General: In patients with impaired hepatic or renal function, appro- 
priate monisoring is recommended during therapy. If an aminoglycoside is used con- 
currently weth aztreonam, especially if high dosages of the former are used or if 
therapy is prolonged, renal function should be monitored because of the potential 
nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The use of antibiotics 
may promeze the overgrowth of nonsusceptible organisms, including gram-positive 
organisms end fungi. Should superinfection occur during therapy, appropriate measures 
should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Carcinogenicity studies in 
animals hawe not been performed. Genetic toxicology studies performed in vivo and 
in vitro witheaztreonam in several standard laboratory models revealed no evidence 
of mutagenc potential at the chromosomal or gene level. Two-generation reproduction 
Studies in rats at daily doses up to 20 times the maximum recommended human 
dose, prior %0 and during gestation and lactation, revealed no evidence of impaired 
fertility. These was a slightly reduced survival rate during the lactation period in the 
offspring ofrats that received the highest dosage, but not in offspring of rats that re- 
ceived five imes the maximum recommended human dose. 


Pregnancy-Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 and 5 
times, respectively, the maximum recommended human dose, revealed no evidence 
of embryo- 3r fetotoxicity or teratogenicity. No drug induced changes were seen in 
any of the maternal, fetal or neonatal parameters that were monitored in rats receiving 
15 times themaximum recommended human dose of aztreonam during late gestation 
and lactation. There are no adequate and well-controlled studies in pregnant women. 
Because ansnal reproduction studies are not always predictive of human response, 
aztreonam Should be used during pregnancy only if Clearly needed. 


Nursing Methers-Aztreonam is excreted in breast milk in concentrations that are 
less than 1% of concentrations determined in simultaneously obtained maternal 
serum; consideration should be given to temporary discontinuation of nursing and 
use of formela feedings. 


Pediatric Us=-Safety and effectiveness have not been established in infants and children. 


ADVERSE FEACTIONS-Local reactions such as phlebitis/thrombophlebitis following 
IV administration, and discomfort/swelling at the injection site following IM admin- 
istration occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions (considered to be related to therapy or of uncertain etiology) occurring at an 
incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. Reactions 
occurring atan incidence of less than 1% are listed within each body system in order 
of decreasirg severity: Hypersensitivity-anaphylaxis, angioedema, bronchospasm. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocytosis, 
thrombocytosis. Gastrointestinal-abdominal cramps; rare cases of C. difficile-associated 
diarrhea, incuding pseudomembranous colitis, or gastrointestinal bleeding have been 
reported. Orset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). Dermatologic—purpura, erythema multiforme, 
urticaria, exfeliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular-hypo- 
tension, trarsient ECG changes (ventricular bigeminy and PVC). Respiratory-one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary-hepatitis, 
jaundice. Nevous System-seizure, confusion, vertigo, paresthesia, insomnia, dizzi- 
ness. MuscuDskeleta/-muscular aches. Special Senses-tinnitus, diplopia, mouth ulcer, 
altered taste numb tongue, sneezing and nasal congestion, halitosis. Other—vaginal 
candidiasis, vaginitis, breast tenderness. Body as a Whole—weakness, headache, 
fever, malaise. 


Adverse Laboratory Changes-Those reported without regard to drug relationship 
during clinica trials were: Hepatic-elevations of AST (SGOT), ALT (SGPT), and alkaline 
phosphatase signs or symptoms of hepatobiliary dysfunction occurred in less than 1% 
of recipients ‘see above). Hemic-increases in prothrombin and partial thromboplastin 
times, eosin@hilia, positive Coombs test. Renal-increases in serum creatinine. 


OVERDOSAGSE-If necessary, aztreonam may be cleared from the serum by hemo- 
dialysis and/or peritoneal dialysis. 


DOSAGE AMD ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with im aired renal function. In elderly patients, estimates of creatinine clearance 
should be obsained and appropriate dosage modifications made if necessary. 


HOW SUPPEIED-AZACTAM For Injection (Aztreonam For Injection)—Lyophilized-is 
supplied in sngle-dose 15 mL vials containing 500 mg, or 1 g/vial; in single-dose 
30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
tles containing 500 mg or 1 g or 2 g/bottle. 


Consult pacxage insert before prescribing AZACTAM (aztreonam). (J4-231E) 


References: 1. Schentag JJ, Welage LS, Grasela TH, et al: Determinants of antibiotic-associated hyooprothrombinemia. Pharmacotherapy 7(3):80-86, 1987. 2. Sattler 
FR, Moyer JE, Schramm M, et al: Aztreonam compared with gentamicin for treatment of serious urinary tract infections. Lancet 1:1315-1318, 1984. 3. Gudiol F, et al: 


Comparative clinical evaluation of a 


ztreonam versus aminoglycosides in gram-negative septicemia. J Antimicrob Chemother 17:661-671, 1986. 4. Birolini D, Moraes 


MF, de Souza OS: Comparison of aztreonam plus clindamycin with tobramycin plus clindamycin ia the treatment of intra-abdominal infections. Chemotherapy 35 


(suppl 1):49-57, 1989. 
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More power than 
codeine 30 mg 
LORTAB 7.5/500 delivers more 
analgesic power than codeine 

30 mg/APAP 300 mg—50% more 
high-strength pain relief.* 


No extra 


oF ACUTE GI side effects 
Nausea and constipation are no 
more common with LORTAB 


7.5/500 than they are with 
codeine. -Your patients do not 
have to experience more Gl side - 
effects to get the extra-strength 
pain relief of LORTAB 7.5/500. 


“Hydrocodone is approximately 6-8 times more 
potent than codeine mg-for-mg. Thus, 7.5 mg 
hydrogedone is approximately equal to 45 mg 
codeine in analgesic potency.’ 


LORTAB /5/500@ 


7.5 mg hydrocodone bitartrate (Warning: may be habit forming) 
and 500 mg acetaminophen 


High strength, not high side effects. 


rarmaceuticals, Inc 


Russ Pharmaceuticals, Inc., wok 
a subsidiary of Whitby Pharmaceuticals, Inc. Please see Brief Summary of Prescribing Information on adjacent page. 
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analgesic combinations. Arch Intern Med. 1981;141:293-300. 


LORTAB” 7.5/500 C Brief Summary 





Hydrocodone Bitartrate 7.5 mg (Warning: May be habit forming) ȘT pem : magr 
and Acetaminophen 500 mg Tablets eee = uide mse 
INDICATIONS: For the relief of moderate to moderately severe pain. : ‘Women with No Symptoms: 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen or hydrocodone. 4 Age; oe 


WARNINGS: Drug Abuse and Dependence: Lortab 7.5/500 tablets are subject 1 3539 esie 
_ SO&up Everyyear 


to the Federal Controlled Substances Act (Schedule III). Psychic dependence, 
physical dependence and tolerance may develop upon repeated administration 
of narcotics; therefore, Lortab 7.5/500 tablets should be prescribed and adminis- 
tered with caution. However, psychic dependence is unlikely to develop when 
Lortab 7.5/500 tablets are used for a short time for the treatment of pain. 
Respiratory Depression: At high doses or in sensitive patients, hydrocodone 
may produce dose-related respiratory depression by acting directly on the brain 
stem desired center. Hydrocodone also affects the center that controls 
respiratory rhythm, and may produce irregular and periodic breathing. Head 
Injury and Increased Intracranial Pressure: The respiratory depressant effects 
of narcotics and their capacity to elevate cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head injury, other intracranial lesions or 
a preexisting increase in intracranial pressure. Furthermore, narcotics produce 
adverse reactions which may obscure the clinical course of patients with head 
injuries. Acute Abdominal Conditions: The administration of narcotics may 
obscure the diagnosis or clinical course of patients with acute abdominal condi- 
tions. PRECAUTIONS: Caution: Federal law prohibits dispensing without 
peereron: Special Risk Patients: As with any narcotic analgesic agent, 

ortab 7.5/500 tablets should be used with caution in elderly or debilitated 
patients and those with severe impairment of hepatic or renal function, hypothy- 
roidism, Addison's disease, prostatic hypertrophy or urethral stricture. The usual 
precautions should be observed and the possibility of respiratory depression 
should be kept in mind. Information for Patients: Lortab 7.5/500 tablets, like all 
narcotics, may impair the mental and/or physical abilities required for the perfor- WwW at 
mance of potentially hazardous tasks such as driving a car or operating machin- 
ery; patients should be cautioned accordingly. Cough Reflex: Hydrocodone e 
suppresses the cough reflex; as with all narcotics, caution should be exercised 
when Lortab 7.5/500 tablets are used postoperatively and in patients with pul- WI] you e er 


monary disease. Drug Interactions: Patients receiving other narcotic anal- 





gesics, antipsychotics, antianxiety agents, or other CNS depressants (including 

alcohol) concomitantly with Lortab 7.5/500 tablets may exhibit an additive CNS about 
depression. When combined therapy is contemplated, the dose of one or both 

agents should be reduced. The use of MAO inhibitors or tricyclic antidepressants 


with hydrocodone preparations may increase the effect of either the antidepres- e 
sant or hydrocodone. The concurrent use of anticholinergics with hydrocodone screenin 
may produce paralytic ileus. Usage in Pregnancy: Teratogenic Effects: 


Pregnancy Category C. Hydrocodone has been shown to be teratogenic in 

hamsters when given in doses 700 times the human dose. There are no ade- ? 
quate and well-controlled studies in pregnant women. Lortab 7.5/500 tablets mammo a 

should be used during pregnancy only if the potential benefit justifies the poten- o 
tial risk to the fetus. Nonteratogenic Effects: Babies born to mothers who have 


been taking opioids regularly prior to delivery will be physically dependent. The 
withdrawal signs include irritability and excessive crying, tremors, hyperactive 


reflexes, increased respiratory rate, increased stools, sneezing, yawning, vomit- i j 
ma. and tover. The beers of the = hie hn does not always correlate With the Many of y our patients will hear about 
uration of maternal opioid use or dose. There is no consensus on the best j 

method A ar ee ane tc Chlorpromazine 0.7 to 1 mg/kg q6h, and Screening mammography through a program 

paregoric 2 to 4 drops/kg q4h, have been used to treat withdrawal symptoms in j j 

ame 10e eg ye jx 4 ise pice with oe dosage decreased as la_nched by the American Cancer Society and 

tolerated. Labor and Delivery: As with all narcotics, administration of Lortab j j 

7.5/500 tablets to the mother shortly before delivery may result in some degree of the American College of Radiology, and they 
_. respiratory depression in the newborn, especially if higher doses are used. mey come to you with questions. What will 

Nursing Mothers: It is not known whether this drug is excreted in human milk. 

Because many drugs are excreted in human milk and because of the potential you tell them? 

for serious adverse reactions in nursing infants from Lortab 7.5/500 tablets, a 

decision should be made whether to discontinue nursing or to discontinue the We hope you l] encourage them to have a 

drug, taking into account the importance of the drug to the mother. Pediatric P 

Use: Safety and effectiveness in children have not been established. ADVERSE screening mammogram, because that, along 

REACTIONS: The most frequently observed adverse reactions include light- : - - 

sy sheep dizziness, saion, hausan and ven These effects seem to with your regular breast examinations and 

more prominent in ambulatory than in nonambulatory patients and some of . . . 

these adverse reactions ma be alleviated if the patient lies down. Other adverse their monthly self examinations, offers the 

reactions include: Central Nervous System: Drowsiness, mental clouding, r : 

lethargy, yous th of Spied ang penaoa performance, anem fear, aresho- best chance of early detection of breast Cancer, 

ria, psychic dependence, mood changes. Gastrointestinal System: The - : - - : 

hill ons are useful in suppressing the nausea and vomiting a cisease which will strike one woman in 10. 

which may occur (see above); however, some phenothiazine derivatives seem to i 

ne wiring ~~ to righ ae ae mou of pl required to produce pain If y ou have questions about breast cancer 

relief, while other phenothiazines reduce the amount of narcotic required to - j i 

produce a given level of analgesia. Prolonged administration of Lortab 7.5/500 de-ection for asy mptomalic women, please 

tablets may produce constipation. Genitourinary System: Ureteral spasm, contact us. 


spasm of vesical sphincters and urinary retention have been reported. 
espiratory Depression: Hydrocodone bitartrate may produce dose-related 
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Western Surgical Association: Presidential Address 


One of Us 


David G. Ashbaugh, MD 


icture a young man, beginning his career with high 

hopes of success, honor, and fame, but a little uncer- 
tain, perhaps, about how he will measure up. A crisis 
arises and in a moment of stress, he fails in his duty. Sud- 
denly, his career is in ruins. Former friends and colleagues 
have abandoned him. He stands alone, accused by a court 
of inquiry with ne one to help him in his ordeal. An older 
man, respected and secure, happens on the scene. He sees 
the young man’s plight and reaches out to help. Later, the 
older man describes the situation to some friends and re- 
counts it so: “. . . he was one of us. He stood there for all 
the parentage of his kind, for men and women by no 
means clever or amusing, but whose very existence is 
based upon honest faith, and upon the instinct of cour- 
age.” So spoke Captain Marlowe in Conrad’s memorable 
tale, Lord Jim.’ The young man, Jim, has stumbled and 
failed and Captain Marlowe reaches out to him because he 
was “one of us,” a phrase that has many connotations and 
implied duties as well as a collective debt. 

I want to talk about what it means to be “one of us” in 
the profession of surgery, sharing the collective debt that 
we owe to our profession and to its members and about 
the duty that we have to help those among us who fail or 
stumble along the way. Success has many friends, and 
whether we manage it well or poorly, we seldom lack for 
others willing to share it with us. Failure suffers alone, 
carrying with it am aura of disgrace that, like a bad odor, 
causes our friends to shun us. Each of us, I would wager, 
has benefited from the help of other surgeons from time 
to time; friends, mentors, and teachers who have helped 
us through the reugh times. Whatever success we have, 
individually and collectively, is achieved in no small part 
by the help of others. Although we have duties to our- 
selves and to the public, none of us performs a greater 
service or repays-our debt so fully as when we help a col- 
league and friend regain professional balance and dignity 
after failure. 

If we look at a life in surgery, there are three distinct 
stages. The first stage, training and indoctrination, is a rite 
of passage that encompasses residency, fellowships, and 
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the first few years of independent work. The years of ma- 
turity make up the second stage, when the surgeon as- 
sumes his or her place in the surgical community and does 
the bulk of life’s work. The last stage, the stage of with- 
drawal, is harder to define, but no less real. We all reach 
the time when we must take leave of the active phase of 
our careers. As we examine the three stages of a career in 
surgery, the implications of failure and the methods that 
are used to deal with it change, being on some occasions 
clear and straightforward, but more often murky and trou- 
bled. 


TRAINING AND INDOCTRINATION 


It is ironic that the definitive work on failure in the train- 
ing period was written not by a surgeon but by a sociol- 
ogist. Forgive and Remember: Managing Medical Failure? is a 
very good book and only a surgeon who has been through 
the rigors of a residency program can fully comprehend 
the truths that lie therein. As we train and prepare for our 
careers, we are under close scrutiny. Some failures, par- 
ticularly those involving knowledge and technical skills, 
are expected and are forgiven in the early years of training. 
One is supposed to learn and grow and make mistakes in 
the process. Moral failures, on the other hand, strike at the 
very heart of the profession and are instantly recognized 
and punished. As Bosk? put it, “One is expected to learn 
quickly what is forbidden from the fierce response it 
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evokes.” Over the years, our training programs have en- 
abled most young surgeons to overcome failure and gain 
admittance to the ranks of surgeons. Those who do not 
have the necessary skills are usually directed to other as- 
pects of medicine, and, in most cases, those few who fail 
morally and ethically are excluded from the profession. By 
and large, the system works well in sorting out those who 
will become surgeons. 

Itis accomplished, however, at a great price. Remember 
again the stress of those days. Medical school friends have 
been left behind and parental support systems are cut. We 
were on our own, and in addition to learning our pro- 
fession, many of us were learning how to live intimately 
with another person and beginning to rear our own fam- 
ilies. All of this must be accomplished in a state of high 
anxiety and financial penury and under the often stern and 
forbidding eyes of our mentors. The high success rate is 
more an attribute to human resilience and the caliber of 
the young men and women than to the system we use to 
train them. 

Sometimes our methods of indoctrination are not very 
honorable and may interfere with the development of the 
very traits of commitment, curiosity, and compassion that 
we wish to foster. One resident talks of the ABCs of res- 
idency: “attack, blame, and criticize,”* and in some in- 
stances this is not far from the truth. Serious failures, when 
they occur, are often not managed as well as they could 
be. Drug or alcohol dependence, depression, and the ul- 
timate failure, suicide, are the principal manifestations of 
failure in these formative years, as they are in later life. As 
surgeons, with our self-image of competence, decisive- 
ness, aggressiveness, and, above all, success, many of us 
are uncomfortable dealing with failure. Instead of reach- 
ing out, we withdraw, repelled perhaps by the specter of 
our own failure that lurks in the background of our minds. 
Weare much more comfortable dealing with errors of tech- 
nique, judgment, knowledge, and the like than we are 
dealing with moral, social, and psychological failure. 

How can we do better? A recent study suggests that 
personality traits present in the student and residency 
years are predictive of later crises in midcareer.* While we 
all must cope with stress as a part of surgery, those of us 
who are involved with residency training should learn to 
recognize signs of excessive stress, drug dependency, and 
depression and get help for these men and women, for 
only then will we be able to cope effectively with this 
darker side of our training programs. We need to institute 
effective safeguards and standards against egregious be- 
havior and tointervene when we see abuse of students and 
residents by faculty and others. We can no longer tolerate 
the type of behavior that many suffered from in the past. 
It was not right then and it is not right now. We need to 
give praise and encouragement as often as we give blame 
and criticism, and we need to foster early on the sense that 
we are all in this together, for the benefit of our patients 
and our profession. 


SURGICAL MATURITY 


When we are in the midst of the stresses and strains of 
residency, we often think that if we can just make it 
trout this ordeal, everything will fall into place and we 

ily’ py ever after. In the mature years, as any one 
ofus here foday can attest to, problems do not go away; 
t ey dome along regularly, but in different guise. Practice 
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idency are stripped away and we are again on our own. 
Decisiors that were shared with senior surgeons must 
now be made alone. Surgeons who were friendly and 
helpful during residency turn into competitors who vig- 
orously defend their turf from young pretenders. Shel- 
tered during residency, they now have to deal with med- 
ical staffs and hospital administrators who may look at 
them variously as friend or enemy, a cash cow or loss cen- 
ter, an asset or a liability. Peer reviewers with teeth look 
over one’s shoulder and can be even more threatening to 
peace of mind than a former chief. Medical staffs and state 
boards cf medicine are pressured by government, third- 
party pavers, and the lay press to tighten the screws, iden- 
tify real crimagined culprits, and weed out the bad apples. 
As zealous bureaucrats become involved and the primary 
aim is to cut costs, concerns about quality and legitimate 
debates ebout medical care may be less important than the 
need to neet quotas. 

When the pressures of practice are not enough, we can 
always Count on malpractice suits to weigh in with their 
particular level of stress, anger, fear, guilt, and endless 
retrospective reviews of the case in the middle of sleepless 
nights. Our families, who may not understand this real 
threat to our integrity, suffer as we struggle with the de- 
mons unleashed by a malpractice suit. Do not take it per- 
sonally, the lawyers say, as they turn around and paint us 
as the most miserable surgeons who ever lived. They do 
not know how personal the practice of medicine is, how 
much a part of our lives it occupies, and how important 
our self-esteem is in our ability to make the difficult de- 
cisions that face us each day. 

When one finally begins to make a decent income and 
has some time to enjoy it, there is no assurance that family 
life will be trouble free. Families grow up and often apart. 
Children become teenagers and rebel. Spouses who have 
put careers on hold or who have had to put up with too 
little attention to their personal needs now demand free- 
dom to pursue their own lives. When this coincides with 
increasing practice and professional demands, repairing 
relations ips may take more time than we are prepared to 
give. Basking in the glow of expanding affluence and the 
prestige of being a successful surgeon, it is easy to forget 
how much we needed the support of our families to arrive 
at our present position. 

The list could go on and on. It is small wonder that these 
stresses take their toll. Alcoholism or drug dependency 
problems often become evident at this stage in a surgeon’s 
career, having been masked or hidden earlier. The first 
signs are often observed in areas outside of medicine. So- 
cial withdrawal, periods of unavailability, and family 
problems are usually evident before there is a noticeable 
falloff in practice performance. Physicians, probably more 
than any other group, try to hang on to their profession 
even when all else is lost. Other patterns of behavior, such 
as compulsive addiction to work, excessive materialism, 
addictior to prestige, and stress, are maladaptive’ and 
usually result in further alienating us from the only people 
who realy want to help us, our families and friends. 

As each of us struggles with our own stresses, we may 
have litte time or inclination to help our professional 
brothers and sisters. In fact, there is often a perverse feel- 
ing of superiority when we note the failure of one of our 
group. Tae failing physician or surgeon is slowly ostra- 
cized, as if by avoiding contamination we can somehow 
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avoid failure in our lives. Trained as surgeons to be ob- 
jective and to keep our feelings in check, many of us are 
uncomfortable getting involved in what invariably become 
rather intense emotional encounters. 

Friendly gestures are often rebuffed with anger. At- 
tempts to get peop into recovery programs or to change 
behaviors are looked on as motivated by selfish concerns 
or jealousy of success. While we pride ourselves on giving 
the best care possible to all our patients regardless of their 
financial or social status, we too often turn away when one 
of our own is in need of help. We owe them the same 
concern and consideration that we would give one of our 
family members or patients who was sick and in need of 
help. As professionals we do indeed have an obligation to 
the public, but we have an even greater obligation to try 
and help those among us who are failing. 

While in private practice, I became involved, at first from 
necessity and later from interest, with impaired physi- 
cians. Itis painful work. The rewards are often small when 
we first venture into this arena. Even though I am no 
longer uninitiated, I am still very uncomfortable when I 
have to confront or discipline a fellow physician, yet it is 
worth the effort. Let me quote from a letter I received from 
a physician who had been particularly difficult to help: “I 
want to thank you for your participation in the events that 
led to my receiving treatment for my chemical depen- 
dency. It saved my life. I am sorry it took so long for me 
to be able to say this to you, however it is no less true. I 
only hope that you have maintained the willingness to 
interact with impaired physicians so that they finally re- 
ceive treatment. Had I been allowed to remain in practice 
for even another six months, I’m sure I would have died.” 

The reward of that letter more than repaid the effort 
involved. When we do save one of our friends, the net 
effect is often multiplied since these physicians and sur- 
geons often become active in the areas of their own dis- 
abilities, helping others to overcome their problems. 

We can do more in other areas as well. Support groups 
of physicians who have been through malpractice suits or 
divorces can be of great help to the surgeon facing either 
of these afflictions. Talking about common worries and 
experiences can be comforting. It helps to know that others 
have gone through your ordeal and survived. On the 
whole, I think we have done less than we can do and Lurge 
everyone to think over possible roles in rescuing those 
among us who stumble or fail. Who knows, it could be any 
one of us who needs help the next time. 


THE STAGE OF WITHDRAWAL 


My thoughts turn now to those years that loom ahead 
for us all. How do we manage the inevitable retreat from 
a life in surgery, a life that for most of us has been central 
to our identity as a person? Some, like the professional 
football player Jim Brown, decide to quit at the peak of their 
careers and pursue other interests. Others, shades of their 
former brilliance, hang on until, rejected and excluded, 
bitter and resentful, nursing real or imagined grievances, 
they lose their rightful position as respected elders in the 
profession. They are often the last to recognize their fail- 
ing. The classic example is Ferdinand Sauerbruch,° the 
father of thoracic surgery. A brilliant and dynamic surgeon 
for whom surgery was life itself, he failed mentally in later 
years and yet continued to operate. At first, his friends and 
colleagues tried to cover up the fact that he was no longer 
competent, and when he was finally dismissed he was 
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exploited by others who wished to use his name for their 
profit. Sauerbruch finally was reduced to operating in his 
home, with tragic results, so strong was the desire to hang 
on. While this is an extreme example, we have all seen 
lesser scenarios in large and small cities, playing out to a 
sad and depressing end. 

The graceful among us sense when the time is ripe and 
adjust their lives and practices accordingly. The breaking 
away may be gradual or abrupt but it is without bitterness 
and without alienation from the profession to which they 
have been devoted and have served. Above all, they re- 
main respected and loved. Many who have planned for 
these years anticipate new challenges and new areas of 
interest. They continue to develop and renew themselves, 
often resurrecting old interests long neglected. They are 
happy and look forward to each day. 

I am reminded of the words of an old friend who kept 
operating into his 70s and who said to me after he had 
finally retired, “I wish I had done it years sooner. I have 
so many things to do and so many plans to make that the 
days aren’t long enough.” Unfortunately, his cabin in Se- 
quim, on the Olympic peninsula, remained unbuilt and 
many salmon remained uncaught when he died a year 
later. When we are in our prime years of maturity, I would 
wager that all of us think about this withdrawal period 
from time to time. We watch our older friends and vow 
to emulate “so and so” and avoid the debacle of “such and 
such.” However, when the time comes, it is so easy to say 
to oneself, “I’m still at the top of my game. I can still do 
the job and my patients or students or faculty need me.” 
Reality, however, belies this. We are all expendable in the 
natural order, all victims of the ravages of time. When we 
think of the quality of our choices, what better quality than 
to leave gracefully, keeping in mind the lines of Housman: 
“And now you shall not swell the rout, Of lads who wore 
their honors out.”” 

We in the profession owe it to our friends to help them 
through this transition. We need to counsel, not ostracize, 
and we need some measure by which to judge them so that 
our counsel is not tainted by envy, avarice, or revenge. 
Some years ago I proposed to my colleagues in practice 
that we submit ourselves to a periodic review by our peers 
as we grow older. While the actual ages and frequency of 
reviews that I proposed are not important, some sort of 
periodic review after age 55 years would be helpful to us 
as individuals. It would let us know how we measure up 
and could act as a guide to an appropriate time to cut back 
or retire. Not surprisingly, there was great resistance to 
this proposal and it was never adopted. I still believe that 
this approach has value, both in practice and in academic 
life. At present, the best we have to offer is a retirement 
age that ties performance to chronology, a relation that is 
arbitrary at best and capricious in reality. 

Parkinson? made this wry comment on defining a set 
retirement age: “When the retirement age is fixed at 65, 
the defenders of this system will always have found, by 
experience, that the mental powers and energy show signs 
of flagging at the age of 62. This would be a most useful 
conclusion to have reached had not a different phenom- 
enon been observed in organizations wheré bep gef re- 
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efficiency declines at the age of R minus 3, irrespective of 
the age at which R has been fixed.” 

What is the thread that ties this all together? I believe 
the answeris quality. Quality in our lives, our practice, and 
our profession. The term quality is hard to define and of 
late it has been used indiscriminately to describe things 
that have little bearing on what I am talking about. Persig, 
in his now classic book, Zen and the Art of Motorcycle Main- 
tenance,’ noted that quality and caring are inseparable. If 
we do not care we cannot have quality. If we want true 
quality in our profession, and I think that we all strive for 
this, we must care about the profession and about all of 
us who make up its core. If we ignore or ostracize those 
persons in our group who fail, we do not care enough, and 
quality will suffer. To paraphrase Donne, any surgeon's 
failure diminishes me because I am a member of my pro- 
fession; and therefore never send to know for whom the 
bell tolls; it tolls for thee. 

It is a great honor and comfort to be “one of us” and I 
share with all of you a deep love and affection for my pro- 
fession that remains undiminished despite these some- 
what somber thoughts. I have tried to review the way that 
we indoctrinate young men and women into our profes- 
sion, inculcating our standards, testing them under ex- 
treme conditions, and weeding out the unfit. By and large, 
the mechanisms we use to do this are tested by time, we 
are comfortable with them, and aside from some needed 
fine-tuning, they serve us very well. However, we can do 
better in identifying earlier those individuals who will 
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have treuble in the future. I have looked at how we manage 
failure in the mature years. The mechanisms are less clear, 
muddied by legal, social, and political pressure, and we 
are clearly uncomfortable with them. We need to over- 
come our reluctance to be involved and learn to reach out 
with a helping hand. Last, in the poignant years of with- 
drawal, we have no mechanisms in place and each of us 
must face this test alone. Each must define his or her vision 
of quality—but we need a little help from our friends. 


References 

1. Conrad J. Lord Jim. New York, NY: Bantam Books; 1957:27. 

2. Bosk CL. Forgive and Remember: Managing Medical Fail- 
ure. Chicago, Ill: University of Chicago Press; 1979. 

3. Leven RL. Beyond ‘the men of steel’: the origins and sig- 
nificance of house staff training stress. Gen Hosp Psychiatry. 
1988 ; 1030-36. 

4. McUranie EW, Brandsma JM. Personality antecedents of 
burnout among middle aged physicians. Behav Med. 
1988 ; 14:30-36. 

5. Jacyk W. Impaired physicians: they are not the only ones 
at risk. Can Med J. 1989;141:147-148. 

6. Therwald J. The Dismissal: The Last Days of Ferdinand 
Sauerbrech. New York, NY: Pantheon Books; 1962. 

7. Housman AE. The Shropshire Lad. New York, NY: Holt, 
Rinehart and Winston; 1924. 

8. Parxinson CN. Parkinson's Law. Boston, Mass: Houghton 
Mifflin Co; 1957. 

9. Persig RM. Zen and the Art of Motorcycle Maintenance: An 
Inquiry nto Values. New York, NY: William Morrow & Co Inc; 
1974. 


Presidential Address—Ashbaugh 


r 


Papers 


Surgical Options in 424 Patients With Primary 
Breast Cancer Without Systemic Metastases 


William H. Wolberg, MD 


e Mastectomy was dictated by medical considerations in 
about 40% of 424 consecutive patients who had invasive 
breast cancer with no evidence of systemic metastases. Half 
of the women considered suitable for local excision of the 
breast cancer followed by radiotherapy (conservation) 
elected to have mastectomy, and intraoperative findings dic- 
tated mastectomy in about 20% of those electing conser- 
vation. Consequently, conservation was accomplished in 
about one quarter of those treated for breast cancer. 
Younger rather than older women more frequently ex- 
pressed the desire tor breast conservation. 
(Arch Surg. 1991;126:817-820) 


reast cancer treatment consisting of local tumor ex- 

cision followed by radiotherapy to the remaining por- 
tion of the breast (conservation) preserves the cosmetic 
appearance of the breast and provides survival compa- 
rable with that of mastectomy.*” Despite its apparent ap- 
pealas an alternative to mastectomy, physicians who have 
offered conservation to patients report that only 5% to 15% 
of their patients with primary breast cancer were treated 
with conservation.” 

The two major considerations in breast conservation 
treatment are the medical suitability of the breast for con- 
servation and the patient’s preference for conservation. 
These considerations were prospectively assessed in 424 
consecutive patients with breast cancer. The patients all 
had primary, invasive breast cancer but showed no evi- 
dence of distant metastases. Herein we define the pro- 
portion of those patients who were suitable for breast con- 
servation, the proportion of suitable candidates that 
elected conservation, and, of those electing conservation, 
the proportion where conservation treatment was surgi- 
cally appropriate. 

PATIENTS AND METHODS 

Comprehensive treatment protocols for T1 and small T2 pri- 
mary invasive breast cancers, which included surgery, chemo- 
therapy, and radiotherapy, were developed in 1981. Consecutive 
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patients who had primary breast cancer but who had no evidence 
of systemic metastases and who were treated subsequent to the 
development of these protocols are the subjects of this study. The 
surgical protocol for breast conservation included axillary dis- 
section and the local excision of the primary tumor, along with 
the histologic confirmation of tumor-free margins. Biopsy sites 
from surgery done elsewhere for which tumor-free margins could 
not be documented were reexcised. One-centimeter margins 
were initially obtained, and the margins of excision were micro- 
scopically examined using frozen sections from four quadrants 
and the deep margin. Additional 1-cm margins were taken from 
areas determined on frozen section to contain cancer. A mas- 
tectomy was done if tumor-free margins were not accomplished 
with a generous quadrant excision or if breast exploration re- 
vealed multifocal breast cancer. 

Conservation was considered for breasts containing tumors 
smaller than 4 cm. However, mastectomy was often required for 
tumors smaller than 4 cm in women with small breasts when the 
cosmetic appearance would be compromised by the required tu- 
mor resection. Additionally, patients with centrally located tu- 
mors, multifocal or bilateral tumors, or distant metastases, as well 
as patients who had previously undergone contralateral mastec- 
tomy, were considered medically ineligible for conservation. 

Doxorubicin-containing combination chemotherapy was given 
for four cycles to all node-positive patients and to premeno- 
pausal, node-negative, estrogen receptor—negative patients. Ra- 
diotherapy was given after chemotherapy in patients undergoing 
breast conservation and in patients undergoing mastectomy with 
cancers of 5 cm and larger. After conservation, a dose of 46 Gy 
was given to the breast, and an additional external-beam boost 
of 14 Gy was given to the tumor bed. Radiation fields for the 
regional lymph nodes were determined based on the location of 
the primary tumor and the status of the axillary lymph nodes. 
Axillary radiation was not given if the nodes were found to be 
free of tumor. 

Both premenopausal and postmenopausal women who met 
the protocol criteria were given the option of mastectomy or 
breast conservation. They were told that the magnitude of sur- 
gery was virtually identical and that the chemotherapy consid- 
erations were similar for the two alternatives. However, radio- 
therapy would not be required should a mastectomy be done. 
Patients were told that tumor could recur locally in 2% of 
mastectomy-treated breasts and could recur in 15% of the breasts 
treated by tumor excision and irradiation. The 15% estimate was 
derived from several reported series™™?1™1?;, recurrence may be 
lower with stricter case-selection criteria, particularly with re- 
spect to the intraductal component of the tumor. "° Patients were 
also told that mastectomy could be required should the breast 
tumor recur, but that overall survival would not be adversely 
affected. Patients who elected conservation usually consented to 
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Fig 1.—Analysis of 424 patients with nonmetastatic, primary, invasive 
breast cancer by suitability for, election of, and treatment by breast 
conservation. Values are percentages. Not Candidate indicates pa- 
tients who required a mastectomy because of medical indications; 
Cand>Mx, those who were considered medically suitable for con- 
servation but who elected mastectomy; Cand>Cons>Cons, those 
who were medically suitable for conservation, elected it, and were 
treated by conservation; Cand>Cons>Mx, those who were med- 
ically suitable for conservation, elected it, but required mastectomy 
because of unexpected intraoperative findings; and Synchronous, 
patients with bilateral synchronous breast cancer that was invasive 
on at least one side and who, for purposes of this study, were con- 
sidered to be medically ineligible for conservation. 


a mastectomy if the tumor was found to be multifocal or more 
extensive than anticipated at the time of surgery. An educational 
videotape presentation, jointly developed by personnel in radio- 
therapy, surgical oncology, and medical oncology departments, 
explained available options to patients. Clinic personnel an- 
swered questions and discussed problems with patients but un- 
der no circumstances made recommendations to conservation 
candidates concerning treatment options of either mastectomy or 
breast conservation. Rather, patients were told that such deci- 
sions depended on individual values and, therefore, had to be 
made by patients. 

The dissection of axillary lymph nodes was considered nec- 
essary to determine the cancer stage. Patients were told that de- 
termining the extent to which axillary lymph nodes were in- 
volved with cancer provided the best prognostic information, but 
that no therapeutic benefit would be gained by immediately dis- 
secting the lymph nodes. 

Most of the patients were midwestern, white women, although 
the series also included individuals of all races and from all parts 
of the country and world. 


RESULTS 

One hundred seventy-four patients (41.0%), including 
the 11 with synchronous bilateral cancer, were considered 
not to be conservation candidates. The remaining 250 
(59.0%) were considered to be suitable for conservation 
surgery. Most patients considered unsuitable for conser- 
vation surgery were judged so based on tumor size. One 
hundred twenty-two (48.8%) of the 250 women consid- 
ered suitable for conservation surgery elected conserva- 
tion, and conservation was accomplished in 100 (81.9%) 
of that group. Therefore, conservation surgery was ulti- 
mately performed in 23.6% of all patients treated for pri- 
mary, nonmetastatic, invasive breast cancer (Fig 1). 

The expressed desire of women eligible for breast con- 
servation correlated with age (P = .006, Mann-Whitney U 
test).'* The age distribution of women opting for conser- 
vation was as follows: age below 35 years, 64%; age 35 to 
44 years, 74%; age 45 to 54 years, 60%; age 55 to 64 years, 
35%; and age over 64 years, 30% (Fig 2). Despite the in- 
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Fig 2.—P2rcentage of women electing conservation (black bars) vs 
mastectamy (shaded bars) by age. The percentage of women elect- 
ing cons2rvation was inversely correlated with age (P = .006). 
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Fig 3.— Percentage of candidates electing conservation by year. The 
percentaze choosing conservation has not changed over time. 
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Cand date, electing mastectomy 86 42 0 
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Total 211 147 55 
% in his study 51.1 35.6 13.3 
% in SEER™* 33.6 55.4 10.9 





*SEER ndicates Surveillance, Epidemiology, and End Results Program 
of the National Cancer Institute. 


creased attention given in the media to breast conservation 
during the 1980s, the percentage of candidates choosing 
this option showed no consistent pattern over time (Fig 3). 


COMMENT 


Patierts were selected as candidates for breast conser- 
vation based on the same eligibility criteria of tumor size, 
location and multicentricity used in other series.'° The 
maximum tumor size considered by others to be amenable 
to breas- conservation varied from 2°"! to 4 cm.° In prac- 
tice, theratio of breast size to tumor size is more important 
than an arbitrary maximum tumor size of either 2 or 4 cm. 

The 23.6% of patients who underwent breast conser- 
vation ir our series was higher than in the two series avail- 
able for comparison. The Institute Curie estimated that 5% 
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to 15% of patients with breast cancer were treated with 
conservation surgery," but the data were anecdotal, and 
treatment was influenced by whether the patient was ini- 
tially seen by a radiotherapist or by a surgeon. In the Stock- 
holm study, 5.8% of primary breast cancers were treated 
by conservation, but patients with either tumors larger 
than 2 cm or positive axillary lymph nodes were excluded 
from conservation.» In our series, 32 of the patients 
treated with conservation had positive axillary lymph 
nodes, and an additional 12 had tumors larger than 2 cm 
without nodal involvement. Excluding these 44 patients 
would reduce to 56 the number of patients with primary 
breast cancer treatec with conservation surgery (13.2%). 

Patient self-referral in hope of obtaining breast conser- 
vation could result in overestimating the percentage of pa- 
tients eligible and electing breast conservation in this se- 
ries. This is borne out since smaller tumors were more 
common in this series than was reported from the Sur- 
veillance, Epidemiology, and End Results Program of the 
National Cancer Imstitute (SEER) database’® (Table). 
Therefore, the percentage of patients suitable for breast 
conservation may be overrepresented in this report. 

The reasons for patients electing various treatment op- 
tions!” and their psychological adjustment after treatment 
with these options? have been previously reported. 
Briefly, women whcelect conservation value their breasts 
more highly than do those who elect mastectomy. Those 
who elect mastectomy do so because of concerns over the 
possible ineffectiveness of radiotherapy in preventing tu- 
mor recurrence in the treated breast and the possible side 
effects of the therapy. However, once elected, patients ad- 
just equally well to mastectomy or to breast conservation. 
The decision-making process itself seems to be an impor- 
tant process in the patient’s psychological adjustment to 
breast cancer and its treatment. 
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Discussion 

Aran Witz, MD, Irvine, Calif: This report addresses the most 
difficult aspect of breast cancer treatment, the decision regarding 
primary management, mastectomy or breast conservation. Both 
options are considered equivalent with respect to cancer out- 
come. The decision then becomes a personal decision by the pa- 
tient, based on available information and the patient's intuition. 
The purpose of this report is to demonstrate that a substantial 
number of patients, almost half of those considered eligible, 
elected breast conservation even though this modality would re- 
quire an additional 5 to 6 weeks of radiotherapy. This group, 
however, only constituted about one fourth of the entire group 
of patients with breast cancer. I know Dr Wolberg to be a very 
caring physician who is as concerned about his patient’s general 
well being as he is about eliminating their cancer. 

I also know that Dr Wolberg has participated in multi- 
institutional studies of early breast cancer that established rigid 
guidelines for the exclusion of patients from breast conservation 
therapy. This resulted in 41% of the patients in this study being 
considered ineligible. At our Breast Center at the University of 
California, Irvine, witha slightly different philosophy and where 
interstitial iridium implants are generally used, positive margins, 
multifocal tumors, bilateral tumors, and centrally located tumors 
are not contraindications for breast conservation. Over the last 
11 years, 46% of our patients with stage I and II disease have 
received breast conservation, with a 2% incidence of local re- 
currence. I realize that my comments represent a liberal point of 
view, but I am certain that Dr Wolberg understood from the out- 
set that he would be simultaneously criticized by others as being 
either too free or too restrictive in his offering of breast conser- 
vation therapy. 

Finally, Dr Wolberg did not address the concept of immediate 
reconstruction following mastectomy. This option can provide 
excellent cosmetic results and make the decision between breast 
conservation and mastectomy even more difficult for the patient. 

Haro tp V. Gaska III, MD, San Antonio, Tex: One of the de- 
cisions we face is the optimum placement of the incision for bi- 
opsy. If a lesion turns out to be benign, the cosmetic result will 
be best if the lesion was approached through a circumareolar 
incision. If the lesion turns out to be malignant, the incision 
should be placed away from the nipple-areola complex. Since 
many times we do not know beforehand whether the lesion will 
be benign or malignant, I wonder how Dr Wolberg resolves this 
dilemma. 
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Dr Wotserc: Concerning preoperative identification of a cancer 
as invasive or in situ, you can get some idea from the mammo- 
gram and from palpation of the lesion. You cannot make a de- 
termination from fine-needle aspiration cytologic study, how- 
ever. I am confronted with a number of patients who have had 
circumareolar biopsy incisions and an invasive cancer is found. 
The question is: How do you handle this situation? I doa crescent 
type of excision of the previous incision. A portion of both skin 
and areola is removed. Then I am able to move the nipple and 
the areola to cover this defect. It is enlarging the circumareolar 
incision and then migrating the nipple and areola to cover the 
excised area. 

In analyzing Dr Wile’s data, I think that a treatment concept 
very different than mine is used at Irvine. I had expected that the 
discussion here would concern the place of breast conservation 
vs mastectomy, and I find Dr Wile’s indications are more liberal 
than mine. 


I went back over my data to find out just how many of my 
patients would be amenable to breast conservation by Dr Wile’s 
criteria In my report, I included stage II] and IV tumors, which ; 
were excluded from Dr Wile’s data. Excluding these, but includ- 
ing mestectomies done for multifocal disease and for positive 
margirs, would bring my conservations up to 33%. I then in- 
cluded the five mastectomies done because of their circumareolar 
location, and that brought my percentage to 35% according to the 
Irvine criteria. 

Only time will tell whether the use of such liberal criteria will 
result in more salvage mastectomies than my more conservative 
approach. All that I can say is that the centers that have required 
negative margins have done so because they were burned by 
leaving residual cancer at the margins. M. D. Anderson originally 
did notrequire excision to negative margins, but now they do so. 
The same is true with the Joint Center in Boston. 


In Other AMA Journals 


ARCHIVES OF PATHOLOGY AND LABORATORY MEDICINE 


The Role of Vascular Endothelial Cells in Transplantation 
Daniel D. Sedmak, MD, Charles G. Orosz, PhD 


The interface between an allograft and the recipiemt’s immune system is the en- 
dothelium of the allograft vasculature. In this boundary position, endothelial cells may 
play important roles in the afferent and efferent phases of allograft rejection, in the 
response of the allograft to pre-transplant perfusion and to drug therapy, and in the 
response to viral infection of the host. The expression by endothelial cells of granule 
membrane protein-140 (GMP-140) and endothelial leukocyte adhesion molecule-1 
(ELAM-1), increased tissue factor activity, increased secretion of plasminogen activator 
inhibitor, and decreased thrombomodulin may all con-ribute to hyperacute rejection. 
Similarly, endothelial cells may actively participate in acute cellular rejection and in 
the development of transplant-associated arteriopathy as a result of induction of 
antigen-presenting function (ie, HLA class II expression), upregulation of adhesion 
molecules for lymphocytes and monocytes, and release of platelet-derived growth 
factors. Endothelial cell functions, which are importamt for normal inflammatory re- 
sponses and vessel behavior, may be pathogenic in the allograft. (Arch Pathol Lab Med. 


1991;115:260-265). 


Reprint requests to Department of Pathology, The Ohio State Un versity, 4170 Graves Hall, 333 W 10th 


Ave, Columbus, OH 43210 (Dr Sedmak). 
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The Role of Tagged Red Blood Cell Imaging in the 
Localization of Gastrointestinal Bleeding 


D. Eric Bentley, MD, J. David Richardson, MD 


@ The records of 162 patients who underwent technetium- 
99m— tagged red blood cell scans for the localization of gas- 
trointestinal hemorrhage were studied. Ninety-eight scans 
were read as positive, with bleeding sites determined by a 
radiologist. Forty-six patients had a definitive diagnosis 
made by other means. Tagged scans accurately localized the 
site of bleeding in only 52% of cases. Analysis of the value 
of these tagged scans in predicting a subsequent positive 
angiogram indicated that there were 14 positive and 12 neg- 
ative angiograms of 26 positive scans. Of the nine patients 
with negative scans who underwent arteriography, the ar- 
teriogram was positive in five. These data suggest that tagged 
red blood cell scanning is a poor diagnostic technique for 
the localization of gastrointestinal bleeding, and its use as 
a screening tool before angiography is questionable. 
(Arch Surg. 1991;126:821-824) 


The accurate diagnosis and localization of gastrointes- 

tinal (GI) tract bleeding has long been a difficult task 
for the surgeon. Acute upper GI tract bleeding can usually 
be readily diagnosed by the clinical pattern confirmed by 
positive findings on placement of a nasogastric tube or by 
esophagogastroduodenoscopy. Acute lower GI tract 
bleeding can be more difficult to diagnose and localize 
since endoscopic studies have major limitations in deter- 
mining the site of bleeding.” The small bowel is a rare 
source of acute bleeding but is virtually unapproachable 
by preoperative diagnostic tests. 

Arteriography became the diagnostic standard for acute 
lower GI tract bleeding.** However, this procedure was in- 
vasive, was generally done on an emergency basis, and re- 
quired special expertise to perform. Additionally, there was 
a high rate of negative examination results because the pa- 
tient had apparently ceased bleeding. The use of radioactive- 
labeled erythrocytes was proposed as a method of determin- 
ing whether active bleeding was occurring and as a means 
of determining the site of bleeding.”* This method has also 
been advocated as a means of detecting chronic bleeding. 
The accuracy of this test has been reported to be excellent in 
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many centers. However, most reports were made by radi- 
ologists who had little or no clinical data about the patients 
and little if any outcome or follow-up information.*”* In 
many hospitals in our practice locale, radiologists refuse to 
perform visceral arteriography for bleeding until a tagged 
erythrocyte study is performed. 

In an effort to determine the value of this procedure, we 
studied the results of tagged red blood cell (RBC) studies 
in three hospitals and correlated these findings with clin- 
ical and outcome data. It was our hypothesis that tagged 
RBC scintigraphy was an unreliable diagnostic technique 
for detecting the site of bleeding or the presence of active 
bleeding. 


PATIENTS AND METHODS 

All patients undergoing radioactive-labeled RBC scanning for 
Gl tract blood loss were examined at three University of Louisville 
(Ky)-affiliated hospitals. Two of the hospitals were large, private, 
tertiary care teaching hospitals, while the third was a university 
hospital. In the two private hospitals, bleeding scans were in- 
terpreted by the general radiologist on a rotating basis, while the 
scans at the university hospital were interpreted by a specialist 
in nuclear medicine. 

The tagged RBC labeling was performed by the method of 
McKusick et al” and did not vary among hospitals. In this tech- 
nique, stannous chloride is injected, blood is withdrawn, and 
technetium-99m is incubated with the patient’s erythrocytes for 
10 minutes; these are then reinjected into the patient. Gamma 
counter scans were usually performed at 30 minutes and hourly 
for 4 additional hours until a positive scan was obtained. Studies 
that were initially negative after 4 hours were repeated at 12 and 
24 hours. 

Scans were generally ordered by the admitting physician or 
consultants from a variety of specialties, including family prac- 
tice, general internal medicine, gastroenterology, or surgery. 


Table 1.—Accuracy of Bleeding Scan by Site 


Total No. of Scans 


NO) ee ee ee 


Site of Bleeding of Scans Correct (%) Incorrect Normal 


Upper gastrointestinal 
tract 





Small bowel 


Ascending colon 


Descending colon 
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Table 2.—Impact of Rate and Amount of Bleeding on Scan Outcome 








Positive Scan, Localization Negative Scan 
 !, eh 7” 
Correct Incorrect Nonverifiable No Diagnosis Diagnosis 


Average blood transfusion requirements, U 7.8 8.8 5.5 3.0* 5.6 
Acute bleeding, %t 13.7 10.7 32.2 26.4 17.4 
Chronic bleeding, %+ 13.6 


*P<.05 when compared with patients with positive scans. 
tDefined as hematochezia or hematemesis. 
+Defined as melena, iron deficiency anemia with or without guaiac-positive stools 
































No. (%) of Scans 
SC ——__—___$} 


Source, y Follow-up, mo Positive Studies Diagnosis Incorrect 
McKusick et al, 1981 Eka 51 47 (92) 39 (83) 8 (17) 






























Winzelberg et al," 1982 v 62 58 (94) 48 (83) 10 (17) 
Kester et al,* 1984 16 37 11 (30) 9 (82) 2 (18) 
Gupta et al,? 1984 ie 45 32 (71) 25 (78) 7 (22) 
Bunker et al,5 1984 21 41 40 (98) 38 (95) 2 (5) 

Szasz et al,'° 1985 12 46 37 (80) 30 (81) 7 (19) 
Present study 12t 98 46 (47) 24 (52) 22 (48) 







*Cumulative results included 82% correct scans and 18% incorrect scans. 
tMean follow-up (range, 1 to 48 months). 


Scans were ordered both as preliminary tests and as secondary ocally identified. Of those 46 scans, 24 (52%) were correctly 
tests after other studies had failed to yield a diagnosis. Tagged localized, and 22 scans (48%) identified an incorrect site 
RBC scans were considered positive when the dictated report by as the bleeding source. There was no difference in the abil- 
the radiologist unequivocally indicated a specific location as the ity of radiologists at the three different hospitals to diag- 
site of bleeding. Scans where the radiologist indicated a subop- nose bl2eding correctly; therefore, the results of the three 


timal failed to indicat cific bleedi it i , 
SEDEER TA eBative. oS hospitals were combined for the purposes of data analysis. 


To test the accuracy of tagged RBC scans, patients were divided Before a diagnosis for the site of bleeding is made, one 
into two groups according to whether ornotadefinitivediagnosis Should consider what area of the GI tract in the scintiscan 
was made. The first group included patients who had an ana- is most accurate if all scans, both positive and negative, 


tomic bleeding site identified by angiography, endoscopy, op- are identified with a confirmed bleeding site. Of 83 pa- 
eration, or pathologic examination. The second group consisted tients with a proved site of bleeding, scans were most ac- 
of patients in whom a definitive diagnosis was not established. curate in colonic bleeding sites but least helpful in upper 
The proved sites of bleeding by all examination methods were GI tract sites. Table 1 illustrates the results of tagged RBC 
grouped according to the following locations: upper GI tract, scannirg by site of diagnosis 

esophagus, stomach and duodenum, small intestine, ascending The impact of the rate and aaia of bleeding on the 


colon, descending colon, and rectum. Scans that were positive Hielihond aehan ate 1] 
for the transverse colon were considered correct if anatomic lo- eunood of obtaining a positive scan as well as an ac- 


calization was indicated as either the splenic or the hepatic flex- curate scan is demonstrated in Table 2. P atients with a 
ure. The accuracy of scans was determined by comparison with positive scan had larger transfusion requirements than 
these proved sites of bleeding. those with a negative scan. While this is not surprising, 


The clinical features present at the time of the scan were ex- the deg-ee of bleeding did not correlate well with the ac- 
amined in an attempt to identify any patient cohort that might curacy ef the scan. In fact, patients with an incorrect di- 
likely benefit from this study. We examined the impact of bleed- agnosis had the highest transfusion requirements of all 
ing history, site of bleeding, hemoglobin level, transfusion re-  suibsetsof patients. Patients with a negative scanin whom 
quirements, and briskness of bleeding on the eventual outcome. — io diagnosis was established had a significantly lower 
Patient follow-up was obtained from hospital and physician amount of bleeding. Many of these patients had a single, 


ies brief bleeding episode or were patients with chronic bleed- 
RESULTS ing. Patents with acute bleeding had results virtually 
We reviewed the records of 162 patients who had un- _ identical to those with chronic bleeding. Even with acute 


dergone a total of 182 separate tagged RBC scans for GI bleeding, only 13.2% (16/121) of patients had a positive 
tract bleeding. Eighty-three patients had an ultimate di- scan thet correctly localized the bleeding site. There was 
agnosis made by endoscopy, angiography, or operation. no correlation between hemoglobin level at the time of 
There were 98 tagged RBC scans that detected a specific scan and the likelihood of obtaining a diagnosis since the 
bleeding site. Forty-six of the 98 patients with positive hemoglebin level ranged between 10 and 11 g/dL in all 
tagged RBC scans had an anatomic bleeding site unequiv- groups. 
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When errors in localization by the scan were compared 
with the actual bleeding sites, it was found that bleeding 
could be-either proximal or distal to the predicted site of 
bleeding. There were 11 patients identified with actual 
bleeding from the stomach or duodenum; in one case 
bleeding was incorrectly identified as small-bowel bleed- 
ing, in nine as ascending colon bleeding, and in one case 
as rectal bleeding. Three patients whose actual bleeding 
came from the small-bowel area had the sites incorrectly 
identified as colonic by scan. Five patients with active as- 
cending colon bleeding had scans incorrectly localize the 
bleeding to the left, while three patients with descending 
colon bleeding had incorrectly identified ascending colon 
hemorrhage. 

What was the predicted value of the scan in determining 
whether angiography would be positive? Arteriography 
was performed in 35 of the patients studied. Twenty-six 
of these had positive tagged RBC scans, and arteriography 
was diagnostic in 14 (54%). There were nine arteriograms 
performed on patients with negative scans. Five (56%) of 
these patients had positive arteriograms, while four ar- 
teriograms were net diagnostic. Thus, the presence of a 
positive scan appeared to have no impact on whether the 
angiogram would subsequently prove positive. 

There were 15 cases where operation was undertaken 
with tagged RBC scanning as the only preoperative test 
performed or the cnly preoperative test that indicated a 
site of bleeding. Six of these patients had a site of bleeding 
identified at operation and were thus treated. Three had 
no site found but eeased bleeding postoperatively. Two 
patientshad incorrect diagnoses by tagged RBC scans and 
required reoperation. Four patients whose bleeding was 
thought to have beer identified by scan had continued 
bleeding postoperatively but did not require further op- 
eration. Thus, positive information that aided in the con- 
duct of the operation was obtained in six patients (40%). 

Follow-up was available in 60% of patients for an av- 
erage of 12 months and ranged from 1 to 48 months. Pa- 
tients without a diagrosis were divided into two groups: 
those treated without operation and those treated surgi- 
cally. Those treated medically or those who were unavail- 
able for follow-up were the largest group. Thirty-two of 
these patients hac positive scans and 40 had negative 
scans. Thirteen medically treated patients with a positive 
scan had continued bleeding, while only five with a neg- 
ative scan had continued bleeding. There were seven pa- 
tients treated surgically with no definitive diagnosis made. 
Three ceased bleeding, one with a negative scan and two 
with positive scans. The remaining four patients had pos- 
itive scans and continued to bleed after surgical treatment 
based on scan results. 


COMMENT 


Many reports of the use of tagged RBC scanning are 
encouraging, but others indicate more conservative but 
significant results. A summary of previously published 
results is given in Table 3. The current study provides the 
largest group of patients reviewed and certainly the worst 
results with scans. Our group of patients reflects the actual 
routine usage of tagged RBC scanning of patients with GI 
tract bleeding in private and university teaching hospitals. 

The overall success rate of tagged RBC scanning in our 
series was extremely poor. A correct diagnosis was 
achieved in only 52% of the cases in which the scan was 
positive, and the rate of bleeding did not have a positive 
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impact on the ability of the scan to locate the site of bleed- 
ing accurately. Our data, which are based ona large num- 
ber of patients, confirm recommendations of several au- 
thors who have also questioned the value of tagged RBC 
scans.~°™ 

Two studies reported a positive diagnosis rate of 68% 
and 70% for angiography in patients with positive 
scans.”’!! Patients with negative scans had a 38% and 40% 
diagnostic rate by arteriography. Our study indicates that 
there is no difference between positive or negative scans 
and their ability to predict diagnostic arteriograms. Fiorito 
and associates!® found a predictive rate for tagged RBC 
scans of only 38% in patients with recurrent acute bleeding 
(patients who had ceased active bleeding) and a predictive 
rate of 62.5% in patients with active ongoing bleeding. 
Unfortunately, there is no accurate way to tell which pa- 
tient is bleeding. The failure to perform angiography 
promptly while completing an RBC scan may lead to the 
missing of an episode of acute hemorrhage. In our study, 
a positive RBC scan is no more likely than a negative scan 
to yield a positive angiogram. 

One alternative approach for localizing lower GI tract 
bleeding is emergency arteriography without tagged RBC 
scans in actively bleeding patients. ‘4 A second approach 
is to use scans as a screen for only those patients without 
active bleeding and to proceed with arteriography when 
and if the scan is positive.*°* Our results and those of 
others call this latter practice into question because 56% 
of our patients had a positive angiogram regardless of the 
scan results. 

The delay in performing angiography may be harmful 
in that it may miss an opportunity to make a diagnosis in 
a bleeding patient. Regardless, the specificity for bleeding 
site is not accurate enough to base surgical decision mak- 
ing solely on a scan. Given our results, we do not rec- 
ommend the use of tagged RBC imaging, except in limited 
clinical situations. These might include instances in which 
angiography or endoscopy was not available or was not 
technically feasible. 
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Discussion 

Wayne H. Scuwesincer, San Antonio, Tex: The authors’ skep- 
ticism about the value of tagged RBC studies in analyzing occult 
GI tract bleeding is probably shared by a good number of sur- 
geons in this audience. I would interject a word of caution before 
we abandon this procedure based on the available data. It is prob- 
ably more useful to try to establish why the study has not proved 
a more powerful indicator of the site of bleeding than it has. 

One of the major problems is that the tagged RBC study de- 
pends heavily on technique and technician. As such, we have to 
focus on that fact and, hopefully, find some way to elicit im- 
provement. As an example, the authors found that the scan dem- 
onstrated an incorrect bleeding site in 22 of 46 cases in which other 
studies had demonstrated the proper anatomic localization. This 
may simply have been the result of an incorrect scanning interval. 
In fact, most of the false-positive lesions that were demonstrated 
by scan were distal to the true anatomic lesion. 

Unfortunately, what can happen with scans when there is a 
delay is that technetium may migrate through proper diagnosis. 
We are occasionally surprised to find extensive pancreatic ne- 
crosis that was not suspected. None of the patients with pan- 
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creatic pseudocyst died. All were successfully treated by drain- 
age, either percutaneous or surgical. In terms of the difference 
between necrosectomy and pancreatic resection, that sometimes 
is a difficalt distinction to make. However, the resections referred 
to in th2 presentation were anatomic pancreatic resections. 

Dr Riciarpson: I feel more comfortable presenting the results 
of this study here than to a group of radiologists. Dr Bentley and 
I were concerned that we were at times doing our patients a dis- 
service by not performing emergency arteriography when they 
appearec to have acute lower GI tract bleeding. Instead, they 
went through several hours of scanning, which often missed the 
golden cpportunity to diagnose bleeding. Certainly, the early 
results reported with bleeding scans were encouraging and, in 
our practice locale, it almost became mandatory to do a tagged 
scan befcre one could proceed with an arteriogram or any other 
type of radiologic procedure. We believe that is not appropriate 
based on our data. 

Did th results vary by hospital and by who read the test? A 
nuclear medicine specialist was no better than a rotating radi- 
ologist ir predicting the bleeding site. In terms of Dr Schwes- 
inger’s question, “Why is it not a good indicator?” I think one 
major preblem is the tendency for blood to move distally by peri- 
Stalsis in a rapid fashion. That certainly is a well-known phe- 
nomenor. Where the scans tended to be incorrect, they were 
certainly well “overcalled” as coming from the ascending colon 
when the bleeding was more proximal than in the small bowel 
or the stamach. Blood tends to pool in the cecum and ascending 
colon. That is not surprising if we think about what happens 
physiologically to blood in the GI tract. 

Conversely, though we are more likely to make an accurate 
diagnosis, bleeding in the ascending colon does tend to be carried 
around tc the descending colon, and we had errors there as well. 
We believe simply that these studies are not accurate enough to 
have surgical decisions based on them. Our data for making sur- 
gical decsBions based on this scan were terrible. 
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Prognosis of Symptomatic Duodenal Adenomas 
in Familial Adenomatous Polyposis 


P. Sue Beckwith, MD; Jon A. van Heerden, MD; Roger R. Dozois, MD 


è The frequent association between familial adenomatous 
polyposis and duodenal tumors is increasingly recognized, 
yet many patients do not benefit from adequate diagnosis 
and follow-up of upper gastrointestinal polyps. A retrospec- 
tive review of 14 patients with duodenal tumors associated 
with familial adenomatous polyposis was undertaken to as- 
sess the impact of early diagnosis by screening asymptomatic 
patients. Six of eight patients presenting with symptoms sug- 
gesting duodenal disease had invasive cancer. Four of these 
six patients died after surviving a mean of 13 months after 
diagnosis. In contrast, none of the six patients diagnosed 
after screening with upper gastrointestinal endoscopy has 
had invasive carcinoma. Early diagnosis and long-term sur- 
veillance of asymptomatic patients with familial adenom- 
atous polyposis affords the opportunity to diagnose and treat 
duodenal tumors at an early stage, thereby, avoiding the 
dismal prognosis once invasive cancer has developed. 
(Arch Surg. 1991;126:825-828) 


he association between familial adenomatous polypo- 

sis (FAP) and duodenal adenomas is being increas- 
ingly recognized. However, despite this increased aware- 
ness, few patients are diagnosed at an early stage of their 
duodenal disease. In addition, once the diagnosis of duo- 
denal adenomas has been made, an appropriate follow-up 
and treatment regimen has yet to be determined. 

We undertook this retrospective review of 14 patients 
with duodenal tumors associated with FAP to help clarify 
the natural history of these duodenal adenomas. It is our 
belief that this knowledge may aid in determining the ap- 
propriate follow-up of such patients, as well as serve as 
a basis for comparison to assess the impact of early di- 
agnosis and treatment on eventual outcome. 


PATIENTS AND METHODS 
Between 1976 and 1989, 14 patients witha diagnosis of FAP and 
neoplasms of the duodenum were examined at the Mayo Clinic, 
Rochester, Minn. Data obtained from a review of their files in- 
cluded age at diagnosis of colon polyps, method of therapy, rea- 
sons for evaluating the upper gastrointestinal tract (whether for 


Accepted for publication March 9, 1991. 

From the Department of Surgery, Mayo Clinic, Rochester, Minn. 

Read before the 98th Annual Meeting of the Western Surgical 
Association, Phoenix, Ariz, November 13, 1990. 

Reprint requests to Department of Surgery, Mayo Clinic, 200 First 
St SW, Rochester, MN 55905 (Dr van Heerden). 


Arch Surg—Vol 126, July 1991 


screening or for symptoms), age at diagnosis of duodenal tumors, 
pathologic diagnosis, and treatment of duodenal lesions. The 
eventual clinical outcome as well as the cause of death were de- 
termined. 

The population studied included nine men and five women. 
Ten of the 14 patients had other extraintestinal manifestations 
(eight epidermoid cysts, five benign fibrous tissue tumors, four 
osteomata, one supernumerary teeth, one thyroid cancer, and 
one congenital hypertrophic retinal pigmentary epithelium). In 
four patients, the duodenum was the only apparent extracolonic 
site of involvement. 


RESULTS 

The average age at the time of diagnosis of FAP was 27 
years (range, 6 to 39 years), while that of patients with 
duodenal involvement was 46 years (range, 26 to 72 years). 
Thus, the average interval between the diagnosis in the 
two locations was 19 years (range, 0 to 39 years). The initial 
treatment of colonic polyposis included colectomy with 
either ileorectostomy (n = 8) or ileosigmoidostomy (n= 2), 
abdominal perineal resection for a sigmoid cancer prior to 
colectomy 27 years later (n= 1), and coloproctectomy with 
ileoanal anastomosis (n = 3). Two of the 10 patients whose 
rectum was retained eventually required proctectomy. 


Duodenal Abnormality 

Seven patients presented with symptoms of duodenal 
disease, and in another, the diagnosis was made at au- 
topsy. The average age of these seven patients was 
55 years (range, 25 to 77 years). Presenting complaints in- 
cluded epigastric pain and burning, fatigue, weight loss, 
melena, pancreatitis, and anemia. Six of these eight pa- 
tients had invasive cancer, one had carcinoma in situ, and 
another had focal cellular atypia in an adenoma. Another 
patient, believed to have posttraumatic pancreatitis, un- 
derwent an esophagogastroduodenoscopy (EGD) that 
demonstrated benign adenomas not considered to be the 
origin of his pancreatitis. An additional five patients stud- 
ied for evidence of duodenal tumors were asymptomatic. 
Their average age was 32 years (range, 26 to 41 years). This 
was done at an average interval of 11 years (range, 0 to 26 
years) after diagnosis of FAP. Although none of these pa- 
tients had invasive cancer, three had atypia and one had 
carcinoma in situ. 

Among the eight patients without invasive carcinoma, 
five had villous adenomas, one had a tubular adenoma, 
and two had unspecified types of adenomas. 
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Table 1.— Treatment of Duodenal Tumors 


No. of Patients 
a a — a a 


Symptomatic 


Procedure 


Endoscopic treatment 


Asymptomatic 


Local excision 


Radical 
pancreaticoduodenectomy 


Palliative bypass 





The diagnosis of duodenal tumors was most commonly 
made with EGD. In two patients, results of barium duo- 
denography were normal, but EGD demonstrated polyps 
with atypia or frank carcinoma. 


Treatment 

Treatment of duodenal tumors in the symptomatic pa- 
tients included radical pancreaticoduodenectomy in three 
patients and palliative bypass in one (Table 1). Average 
survival after diagnosis in these four patients was 
13 months (Table 2). Atypia with no residual cancer was 
found in another patient who remained alive and well 
8 years after pancreaticoduodenectomy. Two patients un- 
derwent transduodenal wedge excision of duodenal le- 
sions. One of these patients died in the immediate post- 
operative period of pancreatic abscess and another died 
8.5 years later of metastatic rectal cancer. In all of these 
patients, the mean interval from diagnosis of FAP to death 
was 26 years (range, 10 to 40 years). As noted, one patient 
is still alive 37 years after diagnosis, having undergone 
pancreaticoduodenectomy 8 years previously. 

None of the six patients diagnosed after screening EGD 
has had invasive cancer, although one underwent pan- 
creaticoduodenectomy for carcinoma in situ. This patient 
is alive and well 48 months after operation. Another pa- 
tient had a transduodenal excision of a villoglandular ad- 
enoma at the time of colectomy. Four additional patients 
are being followed up after biopsies revealed atypia or dys- 
plasia. The five patients available for follow-up are alive 
and without evidence of carcinoma 20 years (range, 3 to 
31 years) after diagnosis of FAP. 


COMMENT 

Duodenal adenomas associated with FAP were once 
thought to occur only in that subset of patients with FAP 
with the constellation of extracolonic manifestations 
known as Gardner’s syndrome. More thorough investi- 
gation with EGD, however, has confirmed the presence 
of adenomatous changes in the duodenum in 48% to 100% 
of patients with FAP.*~ In fact, FAP is now recognized as 
a genetic defect that predisposes the entire gastrointestinal 
tract to the development of polyps,”°” the duodenum be- 
ing the most common site of extracolonic involvement by 
either benign adenomas or invasive cancer. 18-10 

The most accurate means of identifying duodenal ad- 
enomas is screening EGD. Several studies have docu- 
mented that duodenography fails to recognize 14% to 30% 
of duodenal adenomas.*™!4 In addition, biopsy of even 
normal-appearing periampullary mucosa may reveal ad- 
enomatous changes.™®? Although the second portion of 
the duodenum is the most common site of involvement, 
hypotonic duodenography may serve as a valuable com- 
plementary study to evaluate the distal duodenum. 1119 
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Table 2.— Follow-up of Patients With Treated 
Duodenal Tumors 


No. of Patients 
co - Oe: .ee_S<SY 


Symptomatic Asymptomatic 





Status at Last Follow-up 









Alive, no evidence of invasive 
cancer 






Postoperative death 


Death due to duodenal cancer 






— BR we ~= 





Death due to rectal cancer 


The importance of identifying duodenal adenomas lies 
in their Sremalignant behavior. Several studies have con- 
cluded tnat villous tumors of the duodenum have approx- 
imately -he same malignant potential as similar adenomas 
at other sites. '* Repeated EGD has demonstrated that pol- 
yps incr2ase in both size and in number over time. 16-1315 
Further support for the polyp-cancer sequence lies in the 
knowlecge that benign adenomas tend to occur at an ear- 
lier age -han carcinoma.” The average age of our patients 
without evidence of invasive malignancy was 37 years, 
compared with 60 years in those with carcinoma. More- 
over, th2 incidence of adenomas and cancer of the duo- 
denum ss much higher in patients with FAP than in the 
general population.*~’'° Although in the past, only 2% to 
3% of patients with FAP may have developed duodenal 
cancer, the incidence may be expected to increase since 
earlier treatment of colonic polyps has led to an increased 
life expectancy in these patients.?>7 

Routine screening of patients with FAP not only affords 
the oppertunity for early diagnosis of benign adenomas, 
but periedic surveillance should also allow cancer to be 
diagnosed at an earlier stage, thus improving therapeutic 
results. Xerremans et al'* witnessed a survival time of 
57 montks after resection of node-negative duodenal can- 
cer. This dropped to 6 months in those with lymph node 
involvement with metastatic disease. Also, destruction of 
benign adenomas diminishes the risk of cancer. 

Our results confirm that screening of asymptomatic pa- 
tients often leads toa diagnosis of benign adenoma or early 
malignamt change but that the onset of symptoms is an 
ominous sign. Indeed, despite aggressive therapy, once 
symptoms had developed, the average survival time was 
a paltry 13 months. The small number of patients and the 
lack of prolonged follow-up in the screened population 
make it impossible to exclude the contribution of lead-time 
bias, acOunting for some of the difference in survival 
times be-ween our two groups, and further prospective 
studies will be required. We cannot establish the exact in- 
cidence ef duodenal lesions in our patient population be- 
cause the upper gut of patients with FAP was not eval- 
uated prospectively and routinely. However, literature 
clearly shows that 50% to 90% of patients with FAP in 
whom this was done were found to have lesions. We there- 
fore recommend a routine initial EGD when the diagnosis 
of FAP issecured. Family members should be screened for 
colonic d_sease and those found to have it should also have 
their upper gut evaluated with EGD. 

Once cuodenal adenomas have been identified, the ap- 
propriate follow-up and treatment has yet to be estab- 
lished. Tre 27% to 34% malignancy rate in villous tumors 
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of the duodenum is significant.'”'® However, the prev- 
alence of specific types of adenomas identified in the duo- 
denum is difficult to ascertain from the literature.'° This 
further complicates the prediction of expected rates of can- 
cer in FAP. Villous tumors were reported in five of our 
eight patients without invasive cancer. Unlike prophylac- 
tic colectomy for benign polyps, subjecting all patients 
with duodenal adenomas to radical pancreaticoduodenec- 
tomy would obviously lead to unacceptable rates of mor- 
bidity and mortality. 

Most experts currently recommend screening EGD at 
the time of diagnosis of FAP. The importance of this sug- 
gested screening is emphasized in the studies by Kurtz et 
al,!° Sarre et al, and Jarvinen et al, who found gas- 
troduodenal polyps in 44%, 46%, and 90% of their respec- 
tive patients with FAP screened with routine EGD. If sur- 
gical treatment of duodenal polyps is indicated, it can be 
accomplished at the time of colectomy. If no polyps are 
found, EGD is repeated at 3- to 5-year intervals.“ The rec- 
ommendation to perform EGD every 3 to 5 years is some- 
what arbitrary but wes arrived at when several world au- 
thorities on this subject met in England some years ago.” 
If results of an initial EGD are negative when the colorectal 
disease is established, a repeated EGD at 3 to 5 years seems 
reasonable, at least in asymptomatic patients. Prolonged 
follow-up is required. The average interval between di- 
agnosis of FAP and finding of duodenal cancer in our pa- 
tients was 29 years, somewhat longer than that reported 
by others.°7"* 

Endoscopic treatment with snare excision, laser abla- 
tion, or cauterization has been recommended for small be- 
nign polyps. Due to the high rate of sampling error, Galan- 
diuk et al’? emphasized the need to examine the entire 
polyp for evidence of malignancy. Larger polyps, espe- 
cially those with carcinoma in situ, may be treated with 
local excision. Once invasive cancer has developed, how- 
ever, radical pancreaticoduodenectomy remains the pro- 
cedure of choice.” 

The duodenum is now recognized as the most frequent 
site of extracolonic involvement in patients with FAP. A 
high percentage of patients presenting with symptoms of 
duodenal disease will die of invasive cancer. Screening of 
asymptomatic relatives of patients with FAP has reduced 
the incidence of colon cancer from 60% to 10%.” It is 
hoped thata similar reduction in the incidence of duodenal 
cancer can be realized by early diagnosis, prolonged sur- 
veillance, and appropriate treatment. 
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Discussion 

Srantey M. Gotpserc, MD, Minneapolis, Minn: Once 
again, we must thank the group from the Mayo Clinic for 
bringing to our attention the association between malig- 
nant duodenal polyps and FAP. The association between 
malignant duodenal polyps and FAP was first described 
in 1935 by Cabot.” As early as 1950, surgeons were rec- 
ommending endoscopy in patients with FAP because of 
the increased frequency of upper gastrointestinal pol- 
yps.” What these and other studies have shown is that 
adenomatous changes occur in the upper gastrointestinal 
tract mucosa with FAP, especially in the duodenum, and 
that these adenomas can degenerate into a malignancy. 
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Sarre et al” even note that in a retrospective analysis from 
the Cleveland (Ohio) Clinic, more patients with FAP died 
of periampullary cancer than of rectal cancer after under- 
going subtotal resection and ileorectostomy. 

This article by Beckwith et al shows the poor prognosis 
of symptomatic duodenal adenomatous lesions and con- 
cludes that asymptomatic FAP patients should be 
screened via the endoscope and treated while the polyps 
are still small and benign. The question, as with all screen- 
ing regimens, is whether all the effort will translate into 
a survival benefit. With this disease, the answer is prob- 
ably yes. Upper gastrointestinal endoscopy with either the 
standard endoscope or the side-viewing scope is safe to 
perform, well tolerated by the patient, and accurate in its 
assessment. The potential patient population, especially 
the inherited form, is small, easily identified, and could 
be readily followed up. Also, treatment of early lesions via 
the endoscope or with local excision carries little morbidity 
and mortality. 

This article also raises several questions. Should blind 
biopsy be performed on all patients with familial adenom- 
atous polyposis, and, if dysplasia is found without gross 
evidence of polyps, what course of action should be car- 
ried out? Ileal and jejunal polyps are also seen in familial 
adenomatous polyposis. Did any of your patients manifest 
polyps distal to the duodenum? 

CrLaupe H. Orcan, Jr, MD, Oakland, Calif: I would like 
to ask Dr Beckwith if any of these cases were associated 
with Gardner’s syndrome? Is it your basic premise that 
these patients should be followed up with both upper and 
lower gastrointestinal endoscopy? In future studies, do 
you intend to look into the presence or absence of chro- 
mosomes 10 and 24? 

Lawrence H. Witkinson, MD, Albuquerque, NM: In deal- 
ing with benign duodenal tumors that do not involve the 
wall of the duodenum adjacent to the pancreas, simple 
resection should be performed, even though it creates an 
opening several centimeters long. Reconstruction of the 
duodenum may be achieved by side-to-side duodenoje- 
junostomy. The lumen of the jejunum need not be opened 
unless most of the circumference of the duodenum has 
been removed. In treating resectable malignancies that 
have grown into the wall of the second or third portion of 
the duodenum, utilization of the above technique has been 
effective (eg, cancer of the right colon). 

Cuar es E. Lucas, MD, Detroit, Mich: The sequential de- 
velopment of colon, then duodenal, and possibly small- 
bowel polyps suggests an etiologic factor which is extralu- 
minal. Have there been any biliary studies to try and 
identify the factor that is causing all of this? 

Wum R. WappeLL, MD, Silver City, NM: I do not have 
anything particularly to say about duodenal polyps except 
that they presenta problem that does not exist in the colon. 
Aslam sure all of you know, there are chemical treatments 
available for residual polyps in the colon, both with the 
intact colon and after subtotal colectomy and ileoproc- 
tostomy. The treatment received by patients with arthritis 
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includes.a commonly used drug called sulindac (Clinoril). 
As a result of interal hepatic circulation, about half of that 
drug is excreted through the biliary tract and goes on down 
into the colon where a high concentration of the active 
component is achieved in the lumen. A lot of people have 
had trouble believing that this will happen, but basically, 
thousands of polyps in colons will disappear in the course 
of about 6 to 12 months. As long as the drug is maintained 
that’s the way it remains. 

The problem in the duodenum, and also to some extent, 
the stomach, is different because there is no opportunity 
for prolonged contact or high concentrations, such as exist 
in the colon. I believe that work is going on at a fairly rapid 
rate to achieve similar inhibition of this gross process in 
the entire gastrointestinal tract; to some extent that has 
been achieved already. For instance, one of the drugs used 
to eliminate desmoid tumors in these patients has either 
an antiestrogen agent (tomoxifin), or one that inhibits the 
synthesis of estrogen (testolactone [Teslac]). In Europe, 
there is now a new one that is even more powerful than 
tomoxifin. I wanted to bring to your attention that in the 
reports of the use of that drug for breast carcinoma and 
also in treating desmoid tumors, some of the patients had 
a rather dramatic resolution of polyps in their intestinal 
tract throughout. 

Dr Van Herren: We appreciate the insightful comments 
of Dr Waddell, who has a long-standing interest in this 
fascinating disease. Dr Lucas, Iam unaware of any biliary 
factors or any studies in that area. Dr Wilkinson is correct 
in that local excision of duodenal tumors can indeed be 
done. None was done in this series, but it is something to 
keep in our surgical armamentarium. Dr Organ, Gardner's 
syndrome is a variant of FAP. Since the colon has been 
removed or should have been removed in all of these pa- 
tients, one cannot advocate routine lower colonoscopy. 

I think the future will open the doors for us as we do 
chromosomal studies in patients such as these. I think the 
next decade is going to be most exciting as we look at this 
group of diseases. 

Dr Goldberg, thank you, too, for your excellent discus- 
sion. The Japanese, in particular, have advocated that one 
should reutinely perform biopsies on the duodenum in 
these patients even if the duodenum looks normal. They 
have demonstrated atypia and even carcinoma in situ in 
normal-looking periampullary mucosa. You are correct 
that one should look for jejunal polyps. We found none 
in this study, but one should be on the alert for them. 

In closing, I would like to say that I became interested 
in this entity almost 20 years ago when I was a young first 
assistant with Bill ReMine, MD, a former president of this 
organization. We had done a Whipple procedure on a pa- 
tient with a periampullary carcinoma and FAP. One of the 
relatives visiting this gentleman was his son, who was 28 
years old. He said, “I wonder if I might not have this dis- 
ease.” He was totally asymptomatic. We did an EGD on 
him and found a large periampullary carcinoma. Three 
days later, Bill did a curative Whipple procedure on him. 
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è Retained or recurrent bile duct stones can be successfully 
removed in up to 80% to 85% of patients with the use of 
percutaneous or endoscopic techniques. However, prob- 
lems related to difficult biliary access, large stones, and bil- 
iary strictures may decrease the success rate of this ap- 
proach. We evaluated the safety and efficacy of 
extracorpereal shock-wave lithotripsy (ESWL) in 16 patients 
with complicated biliary stones treated prospectively over 
a 24-month period. Successful stone fragmentation was 
achieved in 15 patients (94%) using a Dornier HM3 litho- 
tripter (average of 2290 shocks at 22 kV). Three patients 
(19%) required a second ESWL treatment. Biliary clearance 
of stone fragments was spontaneous in seven (43%) of the 
patients and required.additional treatment in eight (57%) of 
the patients. Complications from ESWL were minor and in- 
cluded transient hematuria and ecchymoses at the skin entry 
site. Extracorporeal shock-wave lithotripsy failed in one pa- 
tient (6%) with a biliary stricture and surgery was required. 
At hospital discharge, all patients were asymptomatic and 
stone free. Treatment with ESWL appears to be a safe and 
effective adjunct for selected patients with complex biliary 
stone disease. 
(Arch Surg. 1991;126:829-835) 


S ince Carl Langenbuch performed the first successful 

cholecystectomy more than 100 years ago, surgery has 
been considered themainstay of therapy for most benign 
biliary tract diseases.* While cholecystectomy for uncom- 
plicated cholelithiasis has generally been considered a 
“safe” operation, mortality rates approaching 5% after 
common bile duct surgical exploration were common in 
the 1960s.? This observation coupled with technological 
advancesin the fields ofinterventional radiology, urology, 
and gastroenterology led to the development of new ther- 
apeutic alternatives that would rapidly alter the approach 
to biliary lithiasis. 
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Over the last 15 years, endoscopic retrograde cholan- 
giopancreatography and endoscopic sphincterotomy (ES) 
with retrograde stone extraction have unequivocally be- 
come the most widely used and important nonsurgical 
techniques for the diagnosis and treatment of biliary lith- 
iasis.> However, failure rates of up to 10% are commonly 
reported in patients with intrahepatic stones, large stones 
(>2 cm), and stones located proximal to a stricture.°*’* Var- 
ious adjunctive techniques have been developed to en- 
hance biliary stone clearance using chemical solvents,” 
and mechanical, electrohydraulic, and laser lithotripsy.°* 
While generally effective, these methods have unique dis- 
advantages. To be effective, direct access to the biliary duct 
stones is obligatory. In the absence of a previously estab- 
lished T-tube tract, this requires percutaneous or transen- 
doscopic placement of a biliary catheter. Laser and elec- 
trohydraulic forms of lithotripsy require stone 
visualization and direct contact or close proximity to limit 
the risk of barotrauma. Finally, chemical solvents are rel- 
atively slow acting and limited in their overall effective- 
ness by the cholesterol content of the stones to be dis- 
solved. 

The clinical application of extracorporeal shock-wave 
lithotripsy (ESWL) to human bile duct stones was first de- 
scribed by Sauerbruch et al’ in 1986 and subsequent re- 
ports have been encouraging.™™' Despite apparent ad- 
vantages such as avoidance of direct stone contact, 
effective and rapid treatment, and a relatively low com- 
plication rate, the role of ESWL in the management of com- 
plex biliary tract stone disease remains undefined. This 
report summarizes our preliminary experience with ESWL 
in the treatment of 16 patients with complex biliary stones. 


PATIENTS AND METHODS 

Patients were accepted into the ESWL trial if conventional 
methods of stone removal had failed or were deemed inappro- 
priate. Informed consent was obtained from each patient. 

From August 1987 to September 1990, 16 patients with complex 
biliary stone disease were entered into the ESWL trial. The study 
consisted of 10 men with an average age of 72 years (range, 58 
to 88 years) and six women with an average age of 52 years (range, 
24 to 83 years). Most patients were older than 60 years, and six 
patients (38%) were older than 70 years. The indications for in- 
clusion in the ESWL trial are listed in Table 1. Of the 16 study 
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Table 1.—Indications for ESWL* 


Patients, No. (%) 


Indication for ESWL 
Large (>2 cm) stone 


Bile duct stricture 
Intrahepatic stone 
Impacted stone 
Inability to perform ES 





*ESWL indicates extracorporeal shock-wave lithotripsy; ES, endo- 
scopic sphincterotomy. 


Table 2.—Clinical Features and Laboratory Findings* 


Clinical features 


Epigastric or RUQ pain 9/16 (56) 
Jaundice 9/16 (56) 
Fever 5/16 (31) 
Laboratory findings 

Increased bilirubin, wmol/L 

Av, 43 (range, 3-135) 11/16 (69) 
Increased alkaline phosphatase, IU/L 

Av, 452 (range, 113-1720) 13/15 (87) 


Increased WBC, x 10°/L 3/7 (43) 





*RUQ indicates right upper quadrant; WBC, white blood cell count; 
and av, average. 


patients, nine (56%) had undergone 12 attempts at ES with ret- 
rograde stone extraction, all of which were unsuccessful. One- 
third of these patients had undergone two attempts at ES without 
success. 

All patients had undergone previous biliary tract operations, 
including cholecystectomy alone (five patients) or combined with 
synchronous common bile duct surgical exploration (eight pa- 
tients), repair of a bile duct injury incurred at the time of chole- 
cystectomy (one patient), Whipple’s resection (one patient), and 
metachronous common bile duct surgical exploration (one pa- 
tient). The average interval between initial operation and pre- 
sentation was 46.9 months with a range of 0.8 to 144 months. The 
distribution of patients who presented within 12 months of initial 
operation, within 12 to 48 months, and beyond 48 months was 
fairly uniform. There was a tendency for women to present some- 
what earlier than men (eg, women made up only 33% of the 
patients presenting at >12 months but made up 100% of the pa- 
tients presenting at <12 months), but the reasons for this dis- 
parity are unclear. 

The clinical manifestations and laboratory findings are sum- 
marized in Table 2. In decreasing order of frequency, the most 
common clinical features included epigastric or right upper quad- 
rant pain (56%), jaundice (56%), and fever with or without ev- 
idence of cholangitis (31%). Results of liver function studies were 
abnormal in the majority of patients. Serum bilirubin level was 
elevated in 11 patients (69%) with an average value of 43 pmol/L 
(range, 3 to 135 pmol/L), and the alkaline phosphatase level was 
elevated in 13 patients (87%) with an average value of 452 IU/L 
(range, 113 to 1720 IU/L). Three patients exhibited a leukocytosis 
of more than 15x 10°/L, associated in all cases with fever. 

The ESWL was performed using a Dornier HM3 lithotripter. 
Prior to lithotripsy, visualization of the bile ducts and any re- 
tained or recurrent stones was accomplished using a preexisting 
T tube in seven patients (44%). In the remaining nine patients, 
biliary catheters were placed using either transendoscopic (five 
patients) or percutaneous (four patients) approaches. One pa- 
tient (6%) with cholangitis unresponsive to placement of a na- 
sobiliary tube had a percutaneous transhepatic biliary catheter 
placed prior to lithotripsy. Stone characteristics are summarized 
in Table 3. Single stones located in the common bile duct pre- 
dominated. The number of small vs large (<2 cm) stones was 
approximately equal. General or epidural anesthesia was used in 
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Table 3.—Stone Characteristics 


Stone location* 











CBD 11 (69) 

CHD 2 (12.5) 

CBD +IHD or CHDt 3 (18.5) 
Stone No. 

Single 12 (75) 

Multiple 4 (25) 
Stone size, cm 

<2 7 (44) 






>2 9 (56) 





*CBL indicates common bile duct; CHD, common hepatic duct. 
tCBD +IHD or CHD indicates common bile duct plus either intra- 


hepatic or common hepatic duct stones. 





Table 4.—Complications of ESWL for Retained or 
Recurrent Bile Duct Stones* 










Adverse Effect 


Hematuria 
Skin ecchymoses 
Nausea and vomiting 
Increased amylase level 
Abdominal pain 


Patients, No. (%) 


3 (33) 
3 (33) 
1 (11) 








*ESWAL indicates extracorporeal shock-wave lithotripsy. Overall inci- 
dence is 56%; however, all resolved spontaneously without sequelae. 


all patients. Patients were positioned supine in the water bath. 
An ave-age power setting of 22 kV was used (range, 21 to 24 kV), 
and an average of 2002 shocks (range, 700 to 2500 shocks) was 
administered per session. 

Seria measurements of liver and renal function studies, amy- 
lase, ard complete blood cell count along with a chest roent- 
genogram were obtained before and after ESWL. A cholangio- 
gram was routinely obtained within 48 hours after ESWL in all 
patients. 


RESULTS 

Sucessful stone fragmentation was achieved in 15 pa- 
tients (94%) following ESWL. Twelve patients (75%) re- 
quired one ESWL treatment and three patients (19%) re- 
quired a second ESWL treatment. Spontaneous biliary 
cleararce of stones occurred in seven (43%) of the patients 
and th2 remaining eight (57%) of the patients required 
additicnal treatments, including stricture dilation (one pa- 
tient), dissolution with chemical solvents (two patients), 
extension of ES (one patient), and mechanical extraction 
with or without electrohydraulic or mechanical lithotripsy 
(nine patients). Spontaneous clearance occurred more fre- 
quently in patients with single stones (seven [58%] of 12 
patients) than in those with multiple stones (zero [0%] of 
four patients). All of the patients with multiple stones re- 
quired mechanical or other forms of stone extraction fol- 
lowing ESWL. One patient failed all attempts at nonsur- 
gical bliary stone clearance and eventually underwent 
reoperation. This patient had a large stone impacted above 
a long biliary stricture. 

Nine patients (56% ) underwent ESWL following unsuc- 
cessful attempts to clear the biliary tree using conventional 
endos©pic techniques. Factors contributing to endo- 
scopic failures in this group of patients included stone in- 
accessibility, large size (>2.0 cm), multiplicity, and/or im- 
paction. Despite initial endoscopic failures, spontaneous 
biliary -learance of fragments occurred in four (44%) of 
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nine patients following ESWL. Five patients required ad- 
ditional interventions. 
_ By comparison, seven patients (44%) underwent pri- 

mary ESWL without previous endoscopic efforts to clear 
the biliary tree. In this group of patients, spontaneous bil- 
iary clearance of stone fragments following ESWL oc- 
curred in three (43%) of seven patients and four patients 
required additional interventions. All of the patients un- 
dergoing primary ESWL had undergone previous com- 
mon bile duct surgical exploration and were referred with 
percutaneous biliary drainage tubes or T tubes already in 

lace. 
į The overall incidence of serious post-ESWL complica- 
tions was quite low (Table 4). All adverse effects were tran- 
sient and resolved spontaneously without the need for 
further treatment. 

The average length of hospitalization was 10.1 days with 

a range of 2 to 19 days. Four patients (25%) were hospi- 
talized for less than 7 days, seven patients (44%) were hos- 
pitalized for 7 to 14 days, and five patients (31%) were 
hospitalized for more than 14 days. Follow-up was com- 
plete in all patients for an average of 2.2 months (range, 
1 to 7 months). When last seen for follow-up, all patients 
were asymptomatic and stone free. 


COMMENT 


Lithotripsy developed as an outgrowth of efforts to re- 
duce the morbidity and mortality of repeated biliary tract 
surgery. During the 1950s and 1960s, surgical reexplora- 
tion of the common bile duct for retained or recurrent 
stones was associated with a mortality rate approaching 
5% .2 The incidence of recurrent biliary lithiasis after com- 
mon bile duct surgical exploration was also reportedly 
high, ranging in multiple series from 13% to 30%.'* Ad- 
junctive procedures such as choledochoduodenostomy 
and transduodenal sphincteroplasty were adopted to en- 
sure more effective and permanent biliary drainage and 
effectively reduced the incidence of recurrent biliary 
stones to less than 10%.’ 

Endoscopic sphineterotomy was described separately in 
1974 by Kawai et al’® and by Claasen and Demling. * Over 
the next 15 years, ES was embraced internationally as a 
possible means of reducing the morbidity and mortality of 
surgery for biliary lithiasis. With increasing experience, 
several areas of controversy have been clarified. First, the 
mortality and morbidity rates of ES for treatment of re- 
tained or recurrent bile duct stones (0% to 1.3% and 6.5% 
to 8.7%, respectively) are comparable to operative man- 
agement.” The long-term failure rate, defined as recurring 
biliary strictures or stones, appears to be no higher for ES 
than for reoperations.’* There is also evidence to suggest 
that the majority of the 10% to 15% of patients who have 
development of recurring problems after ES will respond 
to endoscopic or conservative treatment. 

Many authors have suggested that ES is the procedure 
of choice for choledecholithiasis in patients who have had 
a cholecystectomy. The bile duct can be effectively cleared 
of stones in 80% to 90% of patients.° Failure to remove 
stones by ES is usually due to technical or anatomic causes. 
Transendoscopic access to the biliary tree may be impeded 
by difficulties related to cannulating the papilla. This sit- 
uation occurs in approximately 10% of patients and may 
be due to an impacted stone or to severe papillary steno- 
sis. Anatomic problems such as the presence of a jux- 
tapapillary duodenal diverticulum, a prior gastrectomy 
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with Billroth II anastomosis, or a Roux-en-Y enterostomy 
markedly increase the difficulty of ES. Although ES is not 
impossible in these circumstances, specialized equipment 
and unusual expertise is required for a successful out- 
come. In these situations, biliary clearance rates tend to be 
considerably lower and complications tend to be some- 
what higher than in patients with normal anatomy. 16 Ex- 
traction of bile duct stones may be difficult if the stones 
are large (= 2 cm) or located proximal to a stricture. Large 
stones are present in approximately 10% of patients and 
present interesting management problems.” 

Large stones may pass spontaneously following ES once 
the edema caused by the procedure subsides. In some pa- 
tients the sphincterotomy can be extended, but this can be 
hazardous and may result in bleeding or perforation of the 
duodenum that then requires urgent surgery. Various 
techniques to entrap and crush intraductal stones have 
been developed to overcome extraction problems related 
to large stones. A variety of mechanical lithotripters have 
been developed but the general principles are common to 
all such devices. In such cases, the lithotripsy device, 
which consists of an outer catheter, basket, and coil spring 
sheath, is advanced into the biliary tree following sphinc- 
terotomy. The basket is extended and withdrawn until its 
arms securely entrap the stone. Once the stone is en- 
trapped, the basket is forcibly withdrawn into the coil 
spring catheter, compressing and fracturing the stone. 
The weak link in this procedure is failure to entrap the 
stone. This is likely to occur if the stone is impacted in the 
narrow, distal portion of the common bile duct where the 
basket arms cannot be fully extended. Success rates using 
mechanical lithotripsy in selected patients with intraductal 
stones exceed 90% in some series, and complications are 
low, even if retreatment is necessary." Contraindications 
include severe coagulopathy that precludes ES and pan- 
creatitis that might be exacerbated by manipulation of the 
papilla. 

Chemical solvents have been used to dissolve biliary 
stones with varied and often unpredictable results. Of the 
dissolution agents available for clinical use, only mono- 
octanoin, amedium-chain diglyceride of octanoic acid, has 
proved to be of any real benefit. Mono-octanoin is usually 
infused into the biliary tract at a rate of 3 to 7 mL/h using 
a previously placed T tube, nasobiliary tube, or percuta- 
neous transhepatic biliary catheter. The success of stone 
dissolution varies from 50% to 85% within 4 to 7 days of 
initiating the infusion, and it is largely determined by the 
cholesterol content and available surface area of the 
stone. Side effects such as nausea, vomiting, abdominal 
pain, and diarrhea are minimal and can be easily con- 
trolled by reducing the infusion rate. 

Electrohydraulic lithoptripsy employs an electrode 
probe placed into the bile ducts adjacent to a stone. An 
electric surge current generator is used to produce hydrau- 
lic waves that create shear stresses and fragment the stone. 
In most cases, electrohydraulic lithotripsy is used in con- 
junction with fiberoptic choledochoscopy to provide direct 
visual control. This minimizes the risk of barotrauma to the 
bile duct wall. Access routes for choledochoscopy usually 
include either a T-tube tract ora percutaneous transhepatic 
biliary drainage tube tract. In either case, a mature sinus 
track is required. Depending on the circumstances and the 
patient’s general condition, this may take from 3 weeks to 
2 months. Electrohydraulic lithotripsy combined with 
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choledochoscopy may be especially useful for localizing, 
fragmenting, and removing intrahepatic or impacted 
stones. In one recently reported series of 40 patients, in- 
cluding 31 patients with choledocholithiasis or hepatolith- 
iasis, success rates for stone fragmentation and biliary 
stone clearance exceeded 95%.'® Potential drawbacks of 
this technique include a relatively high retreatment rate 
and lengthy period from the time of biliary catheterization 
to completion of lithotomy. However, adverse effects are 
unusual and compared with chemical dissolution tech- 
niques, success or failure does not depend on the nature 
of the stones. 

Extracorporeal shock-wave lithotripsy has been used 
clinically since 1980 for the treatment of renal calculi.!? The 
general principles of extracorporeal lithotripsy have re- 
cently been summarized by Moody et al.'’ Most of the 
technical discussion focused on the Dornier HM3 immer- 
sion or water bath lithotripter which has been used most 
extensively for urinary calculi and appears to be equally 
well-suited for treating biliary stones. In summary, this 
lithotripter consists of a spark-gap electrode that generates 
an acoustical wave by causing rapid expansion of gases at 
the electrode tip. The shock wave is focused by a high- 
impedance ellipsoid reflector and is redirected toward a 
distant focus, in this case a bile duct stone. Water is used 
as the transmission medium since its impedance charac- 
teristics are similar to body tissues. The shock waves do 
not cause the stone to explode but appear to create shear 
forces that produce fracture lines and eventual fragmen- 
tation or disintegration. Because the shock waves impart 
significant energy to high-impedance structures, careful 
stone localization is important to minimize injury to bony 
structures and air-containing viscera such as the lungs. 
This form of therapy is also contraindicated in patients 
with calcified vessels or vascular aneurysms near the 
shock-wave path. 

In 1986, Sauerbruch et al? first reported the successful 
use of ESWL for treatment of both common bile duct and 
gallbladder calculi. Three years later, they reported their 
cumulative experience using ESWL in 113 patients with 
bile duct stones in whom conventional endoscopic ap- 
proaches for stone removal had failed.'° Stone fragmen- 
tation occurred in 91% of patients and complete biliary 
stone clearance was achieved in 86% of patients a median 
of 4 days following ESWL. Approximately 10% of the pa- 
tients required additional treatments followed by endo- 
scopic extraction or chemical dissolution to remove all bil- 
lary calculi. The principal complications were skin 
ecchymoses at the skin entry site and transient hematuria 
or hemobilia. Pulmonary or renal dysfunction and clinical 
or laboratory evidence of pancreatitis did not occur, de- 
spite the theoretical risk of tissue damage to these organs 
because of their anatomic proximity to the shock-wave 
path. Since this report, numerous investigators through- 
out the world have conducted a variety of clinical trials to 
evaluate the efficacy, safety, and comparability of ESWL 
to other forms of therapy for retained or recurrent biliary 
stones. 

Review of data from five recent major clinical trials 
shows that there are significant interstudy differences in 
results as regards success or failure in achieving stone frag- 
mentation and biliary stone clearance. Many of these dif- 
ferences can be attributed to variations in lithotripsy tech- 
nology and technique. The 53% stone fragmentation rate 
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reported by Ponchon etal” from France and the 67% stone 
fragmentation rate reported by Ihse et al?! from Sweden 
are considerably lower than rates reported by other au- 
thors, -ncluding ourselves. Ihse et al used a Dornier water 
bath li-hotripter but employed relatively low voltage set- 
tings (-4 to 17 kV) to avoid the need for general or regional 
anesthesia. Ponchon et al used an electrohydraulic litho- 
tripter that does not require complete water immersion 
and di-fers from the Dornier HM3 lithotripter. However, 
based >n in vitro studies showing similar fragmentation 
efficacies for single stones using both systems, the dis- 
crepancy in observed results cannot be explained solely by 
differences in lithotripter technology.” These discrepan- 
cies probably resulted from the differing technologies 
used tc focus and localize calculi. The Dornier system uses 
a biaxml roentgenographic imaging system to localize 
stones and has a relatively wide focal zone that may be 
useful “or encompassing multiple stones. By comparison, 
the Technomed EH lithotripter used by Ponchon et al uses 
ultrasonography for stone localization and has a narrower 
second focal area. This requires successive targeting in pa- 
tients with multiple stones and results in a lower success 
rate for a given number of shocks. This hypothesis is sup- 
ported by analyzing the data of Ponchon et al for patients 
with simgle vs multiple stones. Among patients with single 
stones Df 3 cm or less in diameter, a stone fragmentation 
rate of 33% was observed. This is comparable to the 90% 
overall fragmentation rates reported by other investigators 
using the other (Dornier HM3) lithotripter. By compari- 
son, Pcnchon et al achieved successful stone fragmenta- 
tion in only 25% of patients with multiple stones. 

Retreatment rates after failure of a single ESWL session 
to achieve stone fragmentation are fairly uniform and vary 
from 14% to 28%. The most important factor in determin- 
ing the likelihood of successful fragmentation is stone size 
or volume. Factors such as stone numbers, chemical com- 
position, radiolucency, and computed tomographic den- 
sity are probably of minor importance. !™?>74 However, 
radiolucency and computed tomographic density may 
help to identify cholesterol stones that are unique in their 
responsiveness to litholytic therapy. The number of 
shocks that can be administered to fragment large stones 
is limited by the risk of shock-wave damage to adjacent 
tissues. Impacted stones also may be more refractory to 
fragmentation than floating stones, although the reasons 
for this disparity are unclear.'® These variations in frag- 
mentatzon success reported by multiple authors are rel- 
atively small and may reflect intergroup differences in gen- 
erator voltages, total number of shocks administered, or 
in the cefinition of “complete fragmentation.” It is clear 
that future trials using data accrued from multiple centers 
will have to be standardized and stratified according to 
technology and technique to make valid comparisons of 
efficacy and safety. 

Extracorporeal shock-wave lithotripsy appears to be an 
effective method for fragmenting intraductal calculi. How- 
ever, successful fragmentation does not always ensure 
comple-e biliary clearance of residual stone fragments. 
Overall stone clearance can be achieved in 80% to 90% of 
patients after one or more ESWL treatments. However, 
spontar eous passage of residual stone fragments can be 
anticipated in approximately 40% of patients. This figure 
will vary according to the size of the residual fragments 
and wita the presence of anatomic factors such as a biliary 
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stricture or a previously created surgical sphincterotomy 
or ES. In the remaining 60% of patients, complete biliary 
clearance will require the use of additional techniques, in- 
cluding mechanical, electrohydraulic, and laser forms of 
lithotripsy and chemical dissolution. 

Extraction of residual stone fragments requires direct 
access to the biliary tree. This is most easily accomplished 
using an established T-tube tract. Endoscopic sphinctero- 
tomy with basket extraction or insertion of a nasobiliary 
catheter for installation of chemical solvents is also effec- 
tive when no T tube is present. Sphincterotomy may be 
difficult or impossible in the presence of a juxtapapillary 
duodenaldiverticulum, a large stone impacted in the distal 
common bile duct, a previous gastrectomy with Billroth II 
anastomosis, or a Roux-en-Y enterostomy. These situa- 
tions are uncommon but may require percutaneous trans- 
hepatic catheterization of the biliary tree for stone disso- 
lution or extraction.’ The variations in overall biliary 
clearance reported in the literature may reflect differences 
in how aggressively individual centers pursue residual 
fragments with available transendoscopic or percutane- 
ous techniques. 

Extracorporeal shock-wave lithotripsy has proved to be 
effective therapy for retained or recurrent bile duct stones. 
However, failure rates of 3.5% to 7% are commonly re- 
ported in the literature. One group of authors recently 
reported a failure rate of 0% using ESWL in the manage- 
ment of complex biliary tract stone disease.*° However, a 
critical review of this article shows that two of the 10 pa- 
tients treated with ESWL were discharged from the hos- 
pital with residual stone fragments that the authors as- 
sumed would pass spontaneously and there was no 
confirmatory evidence on follow-up of biliary stone clear- 
ance. In the present study, only one patient (6.3%) with 
a large stene impacted proximal to a long biliary stricture 
failed all attempts at nonoperative extraction and required 
definitive surgery. Other centers have reported compa- 
rable results using a similar multimodality approach. 

At this point, it is not clear what specific role(s) ESWL 
should play in the management of retained or recurrent 
biliary calculi. At least one recent comparative trial of sur- 
gical vs endoscopic management of common bile duct 
stones has documented similar outcomes, judged by tech- 
nical success and complication rates.” The study showed 
that ES was more likely than surgery to cause life- 
threatening complications such as gastrointestinal tract 
hemorrhage, duodenal perforation, and biliary sepsis. 
However, the authors concluded that the type of proce- 
dure performed was not the major determinant of mor- 
tality. Rather, age of 70 years or older, technical failure, 
and the presence of complications significantly increased 
the risk of death. Other authors have reported mortality 
rates of less than 1% and stone clearance rates of 100% for 
patients undergoing operation for retained or recurrent 
biliary stenes, even in patients older than 60 years.?®?? 

We believe that ESWL should be viewed as an important 
adjunct for treating stones that are difficult to reach or 
extract. This includes intrahepatic stones, choledochal 
stones located proximal to a biliary stricture or in cystic 
duct remnant, or large impacted stones. Large stones may 
be particularly amenable to this approach since they are 
unusually resistant to other forms of therapy. Percutane- 
ous extraction through a T-tube tract or transendoscopic 
extraction following sphincterotomy should be attempted 
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before considering ESWL. Sphincterotomy and retrograde 
lithotripsy/extraction make aa rational first approach if the 
papilla of Vater is accessible and if professional expertise 
and ancillary support are available. Even if this approach 
fails (and this can be anticipated in up to 10% of cases), 
the sphincterotomy facilitates placement of a nasobiliary 
catheter for possible dissolution therapy and for roentgen- 
ographic stone localization during extracorporeal litho- 
tripsy. Sphincterotomy also improves the chances of com- 
plete biliary stone clearance following ESWL. 

Currently, the most effective lithotripters use water im- 
mersion and biaxial roentgenographic imaging systems. 
Further refinements in ultrasound technology and dry ta- 
ble lithotripters may reduce the need for general or re- 
gional anesthesia in the majority of patients and improve 
the efficacy and safety of ESWL, thus ensuring its role in 
the nonoperative treatment of retained or recurrent bile 
duct stones. 
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Discussion 

James A. Mapura, MD, Indianapolis, Ind: I recommend this 
article to all of you since it seems to outline probably one of the 
few indications for biliary lithotripsy in the day of popularity of 
laparoscopic cholecystectomy. At Indiana University (Indianap- 
olis), we, too, have a lithotripter but it is a piezoelectric one, and 
it does not lend itself to this technique because it is not as heavy 
a hitter as the Dornier, which Dr Eckhauser and his group use. 
Their lithotripter requires a general anesthetic and a long hos- 
pitalization. If you go through the article you will see that these 
patients were quite ill and stayed in the hospital for an average 
of 10 days. So this is not the outpatient lithotripter that we were 
all led to believe would be the standard for the treatment of gall- 
stones in this decade. 

These patients had their stones for a long time. I wonder if Dr 
Eckhauser has any idea whether these were all retained stones 
or whether, in fact, some of these were primary common duct 
stones, which will lead to one of my other questions. 

How is he going to prevent these stones from recurring in these 
patients in the future? I think the patients with strictures need 
to be approached surgically, since those strictures will promote 
common duct stasis and biliary stasis and lead to recurrent 
stones. 

Dr Eckhauser has a good success rate. I think it is a tribute to 
his biliary treatment team, and I would like to ask him what is 
their current algorithm of therapy? Who sees these patients first? 
What are the manipulations that they go through and how do 
they end up clearing the biliary tract? 

Since the average length of symptoms in these patients with 
common duct stones is about 4 years, I do not think that he is 
giving us the whole story. It has been too short a period for this 
report to tell us if these patients are going to have recurring stones 
and require further therapy. Does he use ursodeoxycholic acid 
or any other secondary bile salt in long-term management of 
these patients? Does he change their dietary habits? 

Finally, how does he study the ducts postoperatively or post- 
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treatment to know that they do not have more stones occurring? 
Is he performing serial endoscopic retrograde cholangiopancre- 
atograrhic procedures on these patients or using some other non- 
invasiv2 study? 

JACK PICKLEMAN, MD, Maywood, Ill: Actually, what we have 
heard Fere today is the death rattle of biliary lithotripsy. This is 
what really happened: the authors’ university went out and spent 
a couple of million dollars on a machine and progress swept them 
by and now they are scrambling around looking for a way to use 
the machine to justify the expense. Some mark of their desper- 
ation is reflected in their patient-to-author ratio of two to one—16 
patients, eight authors. I think they are all trying very hard to use 
this machine. 

Now. I do not want to turn back the clock. I think all of us 
recognize that the proper treatment of the postcholecystectomy 
patient with a retained common duct stone is ES. Because the 
endoscepic papillotomy is about 90% effective and has a mortality 
rate of bout 1% worldwide, I think what we are doing today is 
quibblimg about that last 10% of patients who can be treated with 
comparable morbidity by celiotomy and common bile duct ex- 
ploraticn. It is my opinion that those 10% of patients would have 
been better served by celiotomy and common duct exploration, 
avoidin2 the authors’ 10-day hospitalizations with multiple at- 
tempts at endoscopic retrograde cholangiopancreatographic pro- 
cedures, papillotomies, and shock-wave lithotripsies. I clearly 
remain to be convinced that this technique is a quantum step 
forwarc for the biliary tract surgeon. 

Dr Eckuauser: Jack, our Dornier HM3 lithotripter was not pur- 
chased nitially with the intent of performing biliary lithotripsy. 
As many of you know, the Food and Drug Administration has 
permitted only a limited number of centers to investigate the 
potentiel therapeutic benefits of biliary lithotripsy. Our machine 
was originally used for the treatment of patients with renal and 
urinary calculi, and has proved both safe and reliable. Our in- 
terest ireusing the HM3 to treat patients with retained or recurrent 
biliary calculi was stimulated by Sauerbruch et al’s’ earlier report 
from West Germany. 

As Dr Pickleman suggested, there is a great deal of controversy 
about tke potential role of this treatment modality. I would like 
to reemphasize that ESWL should be viewed as an adjunctive 
measure that may be useful as an alternative to surgery in a small 
percentage of patients with retained or recurrent biliary stones 
in whom transendoscopic or percutaneous extraction techniques 
are uns accessful. It is not a technique that will be useful or is 
necessa-y in all patients with retained or recurrent biliary stones. 
However, if available, ESWL should be considered for use in 
selected patients for whom reoperative biliary surgery might 
pose an unacceptable risk. 

Many reputable centers are now reporting extremely low op- 
erative mortality and morbidity rates associated with reoperative 
biliary sargery for retained or recurrent biliary calculi. However, 
many o: these data are reported by surgeons with extensive ex- 
perience and a specific interest in biliary disease. I agree that 
many patients, particularly young and otherwise healthy pa- 
tients, may be candidates for reoperation to clear the biliary tree 
as opposed to other, less invasive techniques. However, I suspect 
that nonsurgical approaches, including ESWL, might be less 
risky than reoperative surgery for surgeons with limited expe- 
rience im this area. 

Reoperative biliary surgery can be particularly risky in elderly 
patients older than 70 years and in patients with comorbid ill- 
nesses such as cholangitis or pancreatitis. In this group of pa- 
tients, endoscopic or percutaneous techniques combined with 
chemical dissolution using mono-octanoin or ESWL “may” be 
safer alternatives to reoperative biliary surgery. However, the 
paucity of randomized, prospective studies in the literature 
makes i difficult to argue convincingly for or against either ap- 
proach. 
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The questions of whetner one is dealing with retained or re- 
sidual biliary stones is important because the etiologies vary con- 
siderably and require different treatments. Retained stones orig- 
inate in the gallbladder and migrate into the common bile duct. 
The incidence of unrecognized, retained stones after cholecys- 
tectomy and intraoperat:ve cholangiography is approximately 
2% to 5%. This figure will vary according to the experience of the 
surgeon and the technique of cholangiography. Recurrent stones 
generally occur in the extrahepatic portion of the biliary tree or 
in a long cystic duct remnant. Factors implicated in the patho- 
genesis of recurrent or primary biliary calculi are stasis and in- 
fection. Extraction of retained stones is usually sufficient therapy 
to prevent recurrence. Eowever, in patients with recurrent or 
primary (stasis) calculi, stone extraction alone may be inadequate; 
strong consideration should be given to ensuring improved, 
long-term drainage of the biliary tree. A variety of techniques are 
available to accomplish this goal, including ES, transduodenal 
sphincteroplasty, and biliary-enteric anastomoses such as cho- 
ledochoduodenostomy or Roux-en-Y choledochojejunostomy. 

Endoscopic sphinctero-omy appears to provide reasonable bil- 
iary drainage in patients with retained or recurrent biliary stones. 
The worldwide mortality and morbidity rates for this procedure 
are approximately 1% and 7% to 10%, respectively. These figures 
compare favorably with the results of reoperative biliary surgery. 
Centers with aggressive endoscopy programs report long-term 
failure rates of approximately 15% for ES, judged by clinical (re- 
currence of biliary pain or cholangitis) or radiographic evidence 
of stone reformation. These figures fall midway between stone 
recurrence rates of 13% to 30% (average, 22%) reported for com- 
mon duct exploration alone and 4% to 12% (average, 8%) for 
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common bile duct surgical exploration combined with some form 
of permanent biliary drainage procedure. 

The algorithm we have used to triage patients with retained 
or recurrent bile duct stones is fairly uncomplicated. Patients are 
seen initially by an interdisciplinary group of physicians, includ- 
ing a gastrointestinal surgeon, a gastroenterologist, and an in- 
terventional radiologist. In patients with an indwelling T tube, 


- especially those with retained stones, percutaneous or endo- 


scopic extraction techniques combined with chemical dissolution 
or lithotripsy (contact or extracorporeal) should be considered. 
Using this approach, failure rates of less than 5% can be antic- 
ipated, usually in patients with associated biliary strictures. Non- 
operative approaches, including ESWL, can also be used in pa- 
tients with recurrent biliary stones. However, the absence of a 
T tube in many of these patients complicates stone visualization 
for ESWL and mandates percutaneous or endoscopic placement 
of a biliary catheter. If findings such as a dilated common bile 
duct, multiple stones, or an associated bile duct stricture are en- 
countered in patients with recurrent bile duct stones, surgery 
may be preferable to ensure long-term biliary drainage and pre- 
vent stone recurrence. 

The approach to patients with retained or recurrent bile duct 
stones should be flexible. The development of percutaneous and 
endoscopic techniques as well as chemical dissolution and con- 
tact or extracorporeal lithotripsy allows us to tailor our manage- 
ment based on bile duct anatomy, stone etiology, and coexisting 
medical illnesses. Availability of personnel with interest and 
demonstrated expertise in endoscopic and radiographic stone ex- 
traction techniques should also influence whether a surgical or 
nonsurgical approach is selected. 
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Operative Outcome With a Selective Approach 
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@ To evaluate the efficacy of a selective approach to biliary 
pancreatitis, we reviewed the outcomes in 276 consecutive 
patients undergoing operations for this diagnosis during a 
7-year period. Initial conservative therapy resulted in elec- 
tive operations in 63% and urgent operations in 37%. Only 
10 patients (3.6%) required primary pancreatic operations, 
50% of them as emergencies. The proportion of common 
duct surgical explorations fell from 70% of those operated 
immediately after hospital admission to 20% by the third 
hospital day. Overall mortality was 1.8% but was increased 
to 30% in patients having an initial pancreatic operation. We 
conclude that a selective approach to biliary pancreatitis 
allows the operation to be performed electively in most pa- 
tients and is associated with a low mortality and an accept- 
able length of stay. Most common duct stones pass spon- 
taneously permitting cholecystectomy alone. 
(Arch Surg. 1991;126:836-840) 


A cute pancreatitis is a well-recognized complication of 
cholelithiasis and is initiated by gallstone migration 
through, or by impaction in, the ampulla of Vater.* Ep- 
idemiologic data suggest that the actual risk of pancreatitis 
in patients who have gallstones may be as high as 15 to 
35 times that in the general population.” While the result- 
ing clinical course is often self-limited, adverse outcomes 
can occasionally occur. Notably, gallstones have been im- 
plicated as a major causal factor i in 16% to 30% of all fatal 
cases of acute pancreatitis.” 

It is generally agreed that the excess morbidity associ- 
ated with biliary pancreatitis can best be controlled by re- 
moving the gallbladder and clearing any residual calculi 
from the biliary system. However, the proper timing for 
this intervention has been hotly debated during the past 
several decades. Some authors have advocated immediate 
operation, preferably within 48 hours of hospital admis- 
sion, citing the need to accurately identify and promptly 
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remove any gallstones impacted in the ampulla.’ Others 
have argued that a period of conservative treatment fol- 
lowed by definitive surgery during the same or a subse- 
quent hespitalization avoids the high risk associated with 
operatirg in proximity to active pancreatic inflammation.° 

Not surprisingly, a selective approach that incorporates 
both viewpoints has gradually evolved. The principle of 
this approach is to provide nonoperative therapy until 
symptoms resolve and then perform any indicated biliary 
operations during the same hospitalization. Urgent or 
emergency operations are reserved for patients who fail 
to imprcve or whose conditions deteriorate during the ini- 
tial interval of conservative therapy. Routine use of this 
approacn seems validated by studies that show an appar- 
ent decrease in morbidity and a reduced frequency of 
symptomatic recurrences.” 

In this article, we have examined the efficacy of selective 
treatment in a large cohort of patients with varying se- 
verities øf biliary pancreatitis. We found that this approach 
was associated with a consistently low mortality and an 
acceptable length of hospitalization. 


PATIENTS AND METHODS 

Between June 1982 and May 1989, 3060 consecutive patients 
with gallbladder disease underwent cholecystectomy at either 
the Medi-al Center Hospital or the Audie L. Murphy Memorial 
Veterans Hospital at San Antonio, Tex, and were prospectively 
enrolled n our computerized surgical database. Gallstone pan- 
creatitis was diagnosed in 276 patients (9.0%) who are the subject 
of this article. The diagnosis of acute pancreatitis was established 
by the presence of an elevated serum amylase level together with 
an appropriate clinical presentation. Gallstones were demon- 
strated by typical ultrasound findings and confirmed in each case 
at operation. Other imaging studies such as computed tomog- 
raphy ard endoscopic retrograde cholangiopancreatography 
were used infrequently and only to resolve specific questions 
about ductal, hepatic, or pancreatic morphologic features. 

An elective operation was performed in 174 patients (63.1%) 
and followed resolution of their clinical symptoms and return of 
the serum amylase level to normal or near-normal levels. The 
mean interval between hospital admission and operation in the 
elective group was 8.0+0.9 days, with a median of 5 days. In the 
remaininz 102 patients (36.9%), a lack of improvement or a de- 
terioration in the clinical condition was managed by urgent or 
emergeney operation. These patients had a median preoperative 
interval cf 3 days following hospital admission (mean interval, 
4.1+0.5 days). 
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Table 1.—Characteristics of Study Group 


Pancreatic 
Operation 
(n= 197) (n=10) 


Age, y* GERI -45.022.1 47.2252 
Gender, M/F 58/139 25/44 7/3 
Urgent operation, % 31 52 50 
Morbidity, % 9.6 17 70 
Mortality, % 0.5 1.4 30 
5.8+0.5 5.6+1.1 27+8.8 
13+0.9 18+2.4 67 + 13.2 


Cholecys- 
tectomy 


Preoperative days* 
Total days* 


*Values are means + SEMs. 


100 


—— % CBDE 


% CBDE 
Total 





Days After Hospital Admission 
n=250 (94%) 


The timing of operations for the entire group is depicted (bars) as 
total numbers of cases for each day after hospital admission. The 
percentage of patients requiring surgical common bile duct explo- 
ration (CBDE) (line) decreases steadily for the first 3 hospital days 
and then reaches a plateau. 


Our review collated the operative procedures for all patients 
and quantified selected indicators of outcome such as morbidity, 
mortality, and length of hospital stay. Mortality was defined as 
death occurring any time during the patient’s hospitalization or 
within 30 days of operation. 

A one-way analysis of variance was used for statistical treat- 
ment of multiple continuous variables and x? analysis was ap- 
plied to all discrete variables. Statistical significance was defined 
as P<.05. 


RESULTS 

The characteristics of the study population are depicted 
in Table 1. Biliary pancreatitis was diagnosed more com- 
monly in women than men (ratio, 2.1:1) and the total 
group had a mean age of 42 years (range, 15 to 86 years). 

With the selective epproach, the initial operation was 
limited to the biliary tract in 266 patients (96.4%). Of these, 
most (74%) were cholecystectomies (CHOLE) alone while 
the remainder (26%) included a common bile duct explo- 
ration (CBDE) in addition to cholecystectomy. The CBDE 
was indicated when intraductal stones were demonstrated 
on routine intraoperative cholangiography or when there 
was no flow of contrast into the duodenum. Other lab- 
oratory, imaging, or operative abnormalities such as per- 
sistent hyperbilirubimemia, bile duct dilatation, or cholan- 
gitis were additional factors that occasionally prompted 
consideration of CBDE. The likelihood that CBDE would 
be required as a part of the operative treatment changed 
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Table 2.—Postoperative Complications* 


Choledo- Pancreatic 
chotomy Operation 
12 (17.4) 7 (70) 










Cholecys- 
tectomy 


19 (9.6) 












Patients, No. (%) 


Local 
Fistula 


Wound infection 


Cardiovascular 


3 


Pulmonary 


4 
1 
2 
1 
Genitourinary 2 
2 


to ff = NN: 
hm wWWwWhHDN 


Sepsis 


Central mervous 
system 1 


Abdominal 
Pancreatitis 


— 
— 









Pseudocyst 
Abscess 





Gastric 
Total 


*Total complications exceed total patients. Some patients experienced 


more than one complication. 


Table 3.—Secondary Operations 
Cholecys- Choledo- Pancreatic 
tectomy chotomy Operation 












Patients, No. (%) 4 (2.0) 3 (4.3) 6 (60.0) 
Abscess drainage 3 3 12 
Cystogastrostomy 2 

Tracheotomy 1 1 


Diverting stoma 


with time (Figure). When expressed as a percentage of the 
total biliary procedures performed, the likelihood de- 
creased from 70% of 13 patients operated on immediately 
after hospital admission to 20% by the fourth day and then 
reached a plateau at about 14% by the 10th day. 

Ten additional patients required an initial pancreatic op- 
eration (PANC). The specific procedures performed in this 
group included abscess drainage and pancreatic débride- 
ment in six patients, partial pancreatic resection in two 
patients, and internal drainage of culture-negative 
pseudocysts in two patients. 

Overall, 238 patients (86.2%) experienced an uneventful 
postoperative course and were discharged from the hos- 
pital after a postoperative stay of 6.6+0.4 days. Most had 
undergone CHOLE alone and, at operation, were found 
to have no radiologic evidence of residual gallstones in the 
bile ducts. They were discharged from the hospital after 
a mean of 5.1+0.3 days while the CBDE group had a post- 
operative stay of 9.5+1.3 days (P<.001). 

The major complications that occurred in the three op- 
erative groups are enumerated in Table 2. Overall, 38 pa- 
tients (13.8%) experienced a total of 72 major postoperative 
complications. Controlled bile leaks developed in four pa- 
tients who underwent CBDE but spontaneously resolved 
with continued choledochotomy tube drainage. Three en- 
terocutaneous fistulas developed in the PANC group; two 
ultimately required operative intervention for control. The 


Biliary Pancreatitis—Schwesinger et al 837 





Table 4.—Clinical Summary of Dying Patients* 


No. of 
Secondary Operations 
for Sepsis 


Index Operation 


a 

Timing, d Type 
Choledochotomy 
Pancreatic operation 
Pancreatic operation 
Cholecystectomy 


Pancreatic operation 


Cause of Death 
Stroke, sepsis, respiratory failure 


LOS, d 


Sepsis, diabetic ketoacidosis 
Sepsis 


Respiratory failure, sepsis, anoxic CNS 





Gastritis, enteric fistula, sepsis 


*Timing indicates days from hospital admission to operation; LOS, days from hospital admission to death; and CNS, central nervous system. 


cardiovascular complications included a portal vein injury 
that occurred during pancreatic débridement, a throm- 
bosed iliac artery requiring lower extremity amputation, 
two myocardial infarctions, and two ventricular arrhyth- 
mias. Pneumonia developed in two additional patients 
and three patients who underwent PANC showed evi- 
dence of adult respiratory distress syndrome. Minor ep- 
isodes of atelectasis were excluded from this review. Acute 
renal failure was also noted in three patients and six ep- 
isodes of urinary tract infection were documented. Overt 
hemorrhagic gastritis was diagnosed endoscopically in 
two patients despite apparently adequate pharmacologic 
prophylaxis. Both episodes occurred in septic patients. A 
single case of gastric outlet obstruction developed in a pa- 
tient who had undergone PANC. 

Sepsis, otherwise unspecified, was most commonly re- 
lated to central line placement for either parenteral nu- 
trition or cardiovascular monitoring usually in the setting 
of intra-abdominal abscess. The diagnosis was suggested 
by fever together with positive cultures of blood and other 
samples. Three additional patients sustained cerebrovas- 
cular accidents. 

Pancreatitis persisted or recurred in 11 patients (5.6%) 
who had undergone CHOLE alone and in six patients 
(8.7%) who had undergone CBDE during the immediate 
postoperative period. In addition, new pseudocysts 
formed in two patients who had undergone CHOLE and 
pancreatic abscesses were noted in six patients who had 
undergone PANC. 

Many complications resolved with appropriate conser- 
vative management, but occasionally a secondary oper- 
ation was required (Table 3). In the case of patients who 
had undergone PANC, multiple sequential operations to 
drain abscesses and débride nonviable tissue were fre- 
quently necessary. 

Overall, the operative mortality was 1.8% with most 
deaths occurring in the PANC group (Table 4). The age of 
patients who died was 62.6+6.3 years and was signifi- 
cantly greater than that of survivors. Of added interest, 
men who died outnumbered women by 4 to 1. The median 
hospital stay prior to the index operation was 3 days 
(range, 1 to 20 days). Dying patients required one to five 
secondary operations directly related to the underlying 
pancreatic abnormality. All deaths were ultimately asso- 
ciated with fulminant sepsis and multiple organ failure. 


COMMENT 
More than three decades have passed since Glenn and 
Frey” first noted the advantage of early operation in pa- 
tients with biliary pancreatitis. The ensuing debate over 
surgical timing has resulted in increased insight into the 
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pathophysiology of this process as well as a clearer un- 
derstanding of its natural history. In particular, it has led 
to the recognition that several different clinical patterns are 
involved and these, in turn, may be associated with con- 
siderably different outcomes.’ It is this diversity that has 
prompted us to use a selective therapeutic approach based 
on the clinical presentation and hospital course in indi- 
vidual patients. Using this protocol, we found an overall 
mortality of 1.8% which is comparable with the results 
noted by others when a similar approach was used.'!!° 

Moreover, our experience demonstrates that when a 
pancreatic procedure is required at the index operation, 
the mortality is increased markedly even when the op- 
eration is prompt. Of the five patients who died in this 
cohort, 2xtensive pancreatic necrosis was already evident 
in three, all of whom had urgent pancreatic resection 
within less than 1 week after hospitalization. In these pa- 
tients, 4 seems unlikely that the deteriorating course 
would have been greatly affected by an even earlier op- 
eration. Similarly, another of the deaths occurred in a pa- 
tient who underwent cholecystectomy on the day of hos- 
pital admission when only minimal pancreatic edema was 
evident. Ultimately, polymicrobial sepsis and multiple or- 
gan failure had developed in all five patients who died, a 
pattern already well-described by others.? The use of mul- 
tiple secondary operations to drain and débride the in- 
volved retroperitoneum did not appear to effectively re- 
verse the clinical deterioration. 

The patients who died were markedly older than those 
who survived and were more likely to be men. The actual 
contribution of these factors is unclear, although it has 
previously been suggested that men have more serious 
biliary disease than women." 

The selective approach that we used resulted in rela- 
tively short preoperative intervals for most patients. In 
fact, more than three quarters of the total group under- 
went operation within the first week of hospitalization. 
We have noted the same rapid preoperative resolution of 
high amylase levels as characterized by Dougherty et al’ 
in patients whose gallstones have passed. Our further 
demonstration that the fraction of surgical CBDEs re- 
quired 5 initially high but declines rapidly and does not 
change significantly after the fourth hospital day suggests 
that most stones actually pass within the first 4 days of 
symptoms. This evidence further supports the validity of 
an early period of expectant management, since the ne- 
cessity of common duct surgical exploration may be 
avoidec in many cases. In this study and others, CBDE 
was associated with proportional increases in morbidity 
and mortality. While this observation may be explained 
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by the presence of more severe disease in patients requir- 
ing CBDE, it may also reflect the introduction of additional 
risks by the instrumentation of an acutely inflamed biliary 
tree. 

The available published studies concerning the selective 
timing of operation in biliary pancreatitis differ widely in 
content, conclusions, and recommendations. The ran- 
domized, prospective comparison of early vs delayed op- 
erations reported by Stone etal’? demonstrated equivalent 
results but confirmed a significantly increased cost in the 
rehospitalized patients. Kelly’ reported no mortality in 
patients undergoing biliary procedures during the acute 
illness but noted that only 6% of patients had impacted 
common bile duct stones at operation. On the other hand, 
Ranson” concluded that mortality was excessive when an 
operation was undertaken in the acute phase of pancre- 
atitis and recommended that operations be performed af- 
ter resolution of the clinical signs. 

Despite the fact that opinions differ rather widely re- 
garding the necessity ofimmediate operation, there seems 
little support for the concept of elective operation at a sub- 
sequent hospital admission. Not only is such a course con- 
siderably more expensive, but it has also been associated 
with recurrence rates of pancreatitis of approximately 
25% 21,22 

Overall, our results suggest that acute biliary pancre- 
atitis is generally self-limited and associated with spon- 
taneous passage of gallstones through the ampulla of 
Vater. In these patients cholecystectomy serves a defin- 
itive, albeit preventive, role and as such can safely be per- 
formed selectively during a quiescent interval. In the re- 
maining patients whose pancreatitis continues to 
progress, a more urgent operation will be required. The 
proper timing will be cetermined by the clinical course. 
Recently, several reports have defined the ability of en- 
doscopic retrograde pancreatography and papillotomy to 
clear stones from the common bile duct in patients with 
biliary pancreatitis.” This points to the possibility that in 
the near future, impacted and residual common duct 
stones may be cleared endoscopically, further diminishing 
the need for both urgent operations and common duct 
surgical exploration. 
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Discussion 

Puur E. Donanue, MD, Chicago, Ill: The selective treatment of 
3000 patients with complications of gallstones demonstrates out- 
standing overall results. Many of the findings are not surprising 
because CBDE is associated with increased morbidity and mor- 
tality, the elderly patients die more frequently than the young, 
and the major morbidity was associated with complications of 
infection in and around the pancreas. The implication in the ab- 
stract that many of the complications of the common duct stones 
could be obviated by earlier use of endoscopic sphincterotomy 
(ES) deserves some scrutiny, because ES itself has a 1% associated 
mortality. 

The prospective study that we would welcome is one that com- 
pares ES in three separate groups: ES without subsequent 
CHOLE; ES followed by laparoscopic CHOLE; and ES followed 
by open CHOLE. 

Because many of the complications in this group were asso- 
ciated with infections, the first question I have is whether you 
might have been able to predict which patients would develop 
infections or their complications. Because almost 40% of this het- 
erogeneous patient group required urgent operation, it might 
have been helpful if they were a little bit earlier, since the mean 
time of operation in the urgent group was 4 days of hospital- 
ization (vs 8 days for the so-called elective groups). 

A second question relates to antibiotic therapy, and specifi- 
cally, was there any specific pattern of infection or superinfection 
that you could identify? 

L. Beaty PemBerton, MD, Kansas City, Mo:This article, which 
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reports the cases of a large retrospective study of patients treated 
for biliary pancreatitis, is helpful because it substantiates that this 
selective approach does work in 96.4% of patients. That is one 
of the best series available. 

Biliary pancreatitis is a lethal disease because pancreatitis is like 
a forest fire that gets out of control and in that situation it is dif- 
ficult to treat whether you use medicine, surgery, or any other 
combination of those two. This report makes the point that pan- 
creatitis and its complications are the main source of the high 
morbidity and mortality from this multiple system disease. 

Because the overall results are excellent and I agree with their 
approach, I would like to ask three questions about the main area 
where they have the most trouble; that is, in the patients who 
require operations on the pancreas. Did you make the diagnosis 
of pancreatic abscess or necrosis preoperatively? In the patients 
in whom you drained pancreatic pseudocysts, which we usually 
think is something that we can do pretty well, did either of these 
patients die? And finally, would you recommend that we abstain 
from either doing pancreatic débridement or drainage of pan- 
creatic abscess in these patients with gallstone pancreatitis? 

Iplan to use the results of this article in discussing such patients 
on rounds with residents and students in our institution. 

Robert J. Baker, MD, Wilmington, Del: This important article 
has appropriately dealt with the majority of patients with biliary 
tract-associated pancreatitis in whom initial operation is limited 
to correction of biliary tract disease. In the 10 patients who re- 
quired a pancreatic procedure, two were subjected to resection 
or débridement, and it is this group to which attention should 
be addressed. 

First, operations for acute pancreatitis really need to be strat- 
ified into two major categories—those done for alcoholic pan- 
creatitis and those done for biliary pancreatitis — because our ex- 
perience with 40 such operations in a mixed group of patients 
with pancreatitis of both types has demonstrated that the mor- 
tality and morbidity are far greater in the patients with the al- 
coholic than the biliary tract variety, and the mortality rate in the 
patients with biliary tract—associated pancreatitis has been zero 
in our recent series collected in the past 10 years. Alcoholics, 
however, have always had a far worse prognosis. 

I have two questions, the first bearing on the pancreatic re- 
sections that were done, as opposed to the performance of a nec- 
rosectomy or extended débridement. Necrosectomy in general is 
much easier to do and does not require the technical expertise 
of a formal pancreatic resection. However, distal pancreatectomy 
for transglandular necrosis is required in patients with a necrotic 
distal gland; did the two patients whose cases were reported in 
this series who had resection of pancreatic substance have a for- 
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mal distal pancreatectomy? 

The second question involves the place of endoscopic papil- 
lotomy in acute biliary pancreatitis. Our endoscopists have been 
more than reluctant to undertake this procedure in patients with 
clinically proved pancreatitis, fearing worsening of the pancre- 
atitis, and perhaps with good reason. I wondered if your surgical 
or mecical gastroenterology groups have more courage or per- 
haps more expertise and which patients were chosen for pre- 
operative endoscopic papillotomy? 

Dr Scuwesincer: This is one field that is evolving and about 
which we still have much to learn. In this regard, I was partic- 
ularly interested in the comments relating to the role of ES. 

The question from Dr Donahue concerning the prediction of 
which patients will have infections develop is a difficult one to 
answer because we still depend primarily on established clinical 
criteria and a period of observation. At times infection will de- 
velop unexpectedly while we are treating the patient. However, 
clinical criteria and close observation still are the mainstay of our 
strategy. 

Patients who enter the hospital with a diagnosis of biliary pan- 
creatitis and fever are generally placed ona regimen of antibiotics. 
Over the 7-year study period, the use of antibiotics has changed 
somewhat but cephalosporins continue to be the antibiotics of 
choice in most patients. 

Dr Pemberton, the diagnosis of pancreatic necrosis was not 
uniformly made preoperatively. Although we do depend on im- 
aging studies such as computed tomography to help assess the 
status øf the pancreas, like others, we still have difficulty in firmly 
establishing the bowel to a more distal site and then be localized 
inaccurately. 

So I would raise two questions: What kind of scanning protocol 
was used? How were the timing intervals determined? I think 
these can both be pivotal factors. 

Another problem is the volume of bleeding and the question 
of how much bleeding is necessary for scanning to be abnormal. 
The resolution of the scan may be insufficient to pick up minor 
amounts of bleeding and, in fact, arteriography was normal in 
16 of 35 patients, suggesting that bleeding may not have been of 
sufficient volume to really expect the scan to be abnormal. 

Do you have any more specific information about the volume 
of bleeding in the patients who were judged to have normal 
scans? And do you have any information that would suggest 
which specific lesions might be most likely to be positive? 

For tnese reasons and others, I am not yet persuaded that this 
test should be totally abandoned. However, I think this kind of 
a study gives us an opportunity to return to our colleagues in 
nuclear medicine and suggest to them the need for improvement. 
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Short-bowel Syndrome in Children 


Quality of Life in an Era of Improved Survival 


Thomas R. Weber, MD; Tom Tracy, Jr, MD; Robert H. Connors, MD 


© A number of disorders in childhood can result in short- 
bowel syndrome (small bowel length, <100 cm). Improved 
care has increased survival in patients with short-bowel syn- 
drome, but the quality-of-life factors associated with such 
improved survival have not been examined, to our knowl- 
edge. Sixteen consecutive pediatric patients with short- 
bowel syndrome (bowel length range, 22 to 98 cm) were 
followed up for 2 to 10 years. The original diagnoses were 
as follows: necrotizing enterocolitis (n= 6), multiple intes- 
tinal atresias (n= 4), extensive aganglionosis (n = 2), meco- 
nium peritonitis (n=2), and midgut volvulus (n=2). The 
range of initial hospitalization was from 62 to 395 days, and 
13 of 16 patients have required readmission (two to 14 
times). All patients required multiple operations (range, two 
to 14 operations), including combinations of venous access, 
adhesiolysis, tapering enteroplasty, reversed intestinal seg- 
ments, and pull-through procedure. Nine of 16 patients re- 
ceived home total parenteral nutrition, and 12 of 16 patients 
required home elemental diets, usually via pump feedings. 
Fifteen patients (94%) survived. Two survivors are deaf, and 
one of these has mild developmental delay. Seven survivors 
(age range, 6 to 10 years) attend a regular school, four while 
receiving total parenteral nutrition or an elemental diet. Ten 
of 15 survivors are off all nutritional support (including the 
child with a 22-cm small bowel), with four others weaning. 
The presence or absence of an ileocecal valve did not affect 
outcome. Modern nutritional support methods provide ex- 
- cellent survival and quality of life for children with short- 
bowel syndrome. 
(Arch Surg. 1991;126:841-846) 


A number of congenital or acquired disorders in infancy 
can result in the development of short-bowel syn- 
drome. Congenital disorders, such as multiple bowel 
atresias, extensive aganglionosis, gastroschisis, and 
meconium peritonitis, and acquired diseases, such as mid- 
gut volvulus and necrotizing enterocolitis, all have the po- 
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tential for producing short-bowel length. The medical, so- 
cial, and financial consequences of extremely short-bowel 
length can be staggering. 

A number of recent reports have documented improved 
survival in patients with short-bowel syndrome, due pri- 
marily to the advent of total parenteral nutrition (TPN), 
often administered at home, and balanced enteral feed- 
ings. The present study examines contemporary under- 
standing, treatment, and survival of the infant and child 
with short-bowel length, and it attempts to assess the qual- 
ity of life associated with improved survival. 


PATIENTS AND METHODS 

In an 8-year period, short-bowel syndrome (short-bowel 
length, <100 cm) developed in 16 infants (age range, newborn 
to 2 months) as a result of congenital or acquired disease. The 
characteristics of the patients at the time of the development of 
short bowel, as well as the remaining small-bowel length (as- 
sessed by direct measurement along the antimesenteric border) 
and the presence of an ileocecal valve, are shown in Table 1. Six 
patients had short bowel as a result of necrotizing enterocolitis; 
most of these patients were premature infants who were receiv- 
ing feedings early in life. Four newborns had multiple intestinal 
atresias, one of whom also had gastroschisis, while two each had 
extensive aganglionosis (Hirschsprung’s disease), meconium 
peritonitis, and midgut volvulus. Nine of the 16 infants had an 
ileocecal valve that remained after the operative therapy for the 
original diseases, and the mean length of the remaining intestine 
length for the entire group was 48.9 cm. 

The usual operative treatment of infants with necrotizing en- 
terocolitis included resection of necrotic bowel, with formation 
of an ostomy and mucous fistula, which was generally closed 4 
to 8 weeks later. Infants with aganglionosis also underwent os- 
tomy placement, at the level of the most distal ganglionic bowel. 
The infants with meconium peritonitis, and one of the four new- 
borns with multiple atresias also had temporary ostomies that 
were later closed. Any infant in whom a need for long-term nu- 
tritional manipulation was anticipated had a gastrostomy placed 
at the time of the original procedure. 

The nutritional treatment of these patients consisted of place- 
ment of a Silastic central venous catheter either immediately or 
shortly after the original operative procedure, with institution of 
TPN. The solutions that were used were standard TPN formu- 
lations, designed to provide maintenance amounts of electrolytes 
and trace minerals appropriately adjusted for gestational age, 
with 1 to 3 g/kg per day of crystalline amino acids, 20 to 25 g/kg 
per day of glucose, and 1 to 3 g/kg per day of fat emulsion, pro- 
viding 504 to 630 J/kg per day. Levels of serum electrolytes and 
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Table 1.—Characteristics of 16 Infants 
With Short-bowel Syndrome* 


Remaining 
Small-bowel 
Length, cm 





Patient/ 


Age, mo Diagnosis lleocecal Valve 







1/NB Hirschsprung’ disease 










2/NB Meconium peritonitis 35 + 
3/NB NEC 28 0 
4/2 Hirschsprung’s disease 42 0 
5/NB Multiple atresias 50 0 
6/NB NEC 46 + 
7/NB Multiple atresias 30 + 
8/NB Gastroschisis 52 + 
9/NB NEC 60 + 
10/NB Meconium peritonitis 44 0 
11/NB NEC 65 0 
12/1 Volvulus 31 + 
13/2 Volvulus 40 + 
14/NB NEC 65 0 
15/NB NEC 75 + 
16/NB Multiple atresias 98 + 





*NB indicates newborn; zero, not one; plus sign, there is one; and 
NEC, necrotizing enterocolitis. 


triglycerides and liver functions were measured at regular in- 
tervals, and the content of the TPN was adjusted as necessary. 
Daily or every-other-day weight gain was considered to be a re- 
liable indication that sufficient calories were being supplied, and 
positive nitrogen balance was achieved. 

Enteral feedings were begun when gastrointestinal motility 
was restored, but these feedings were delayed 10 to 14 days in 
infants with necrotizing enterocolitis to limit the risk of recurrent 
disease. In infants with greater than 50 to 60 cm of small bowel, 
the formula that was used first was a low-osmolar soy-based for- 
mula, while infants with shorter bowel length were given an el- 
emental diet (Pregestamil, Mead Johnson & Co, Evansville, Ind). 
In either case, diluted formula was used initially, in a continuous- 
drip fashion (3 to5 mL/h), with slow advancement of both volume 
and concentration. Stool volume and frequency were monitored 
closely to adjust the advancement schedule. Cholestyramine 
resin and loperamide hydrochloride were used selectively when 
stool volume did not seem to slow spontaneously in a reasonable 
length of time. Metabolic acidosis was common, especially in in- 
fants with an extremely short bowel, and responded well to the 
addition of sodium bicarbonate (5 to 20 mEq/d) to the feedings. 
Infants who showed ability and desire to nipple feed were offered 
10 to 20 mL of formula every 3 hours, ad libitum. However, most 
infants showed little interest in oral feeding, and the bulk of en- 
teral feeding was done through gastrostomy tube. 

Several infants with extremely high jejunal ostomies, with 30 
to 60 cm of bowel distal to a mucous fistula, underwent 
continuous-drip feeding of the gut distal to the ostomy until the 
ostomy was closed. This was generally performed by mixing 50% 
diluted elemental formula with 50% of jejunostomy output, in- 
fused through a soft rubber catheter in the distal mucous fistula. 

When enteral feedings had been advanced to the point that 
50% or more of the calories were supplied by this route, con- 
sideration was given to reducing the TPN infusion to 12 hours, 
primarily at night, with continuing the continuous-drip feeding 
for 24 h/d and liberalizing the oral intake. The parents were then 
given the option to continue a combined enteral/parenteral pro- 
gram at home, which a number elected to do. For a variety of 
reasons, primarily related to home situations, notall parents were 
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willing or able to administer home TPN, and these children gen- 
erally stayed in the hospital until TPN could be completely with- 
drawm Occasionally, parents who could not administer TPN at 
home ^ad no difficulty with continuing pump enteral feedings 
in the home setting. 

Patients were followed up at regular intervals for 2 to 10 years 
after the original operation, and they were regularly assessed for 
somatic growth and development, change in nutritional status, 
weaning of home TPN and drip enteral feedings, and intellectual 
develcpment. Rehospitalizations and the need for further op- 
erative procedures were tabulated. Patients were further strat- 
ified imto those with an intact ileocecal valve and those without 
a valve, and these groups were compared statistically by using 
the Student's t test. 


RESULTS 

Fifteen of the 16 patients in this series survived. The only 
deathoccurred in a premature infant in whom necrotizing 
enterecolitis developed; however, this infant also had se- 
vere respiratory distress that progressed to bronchopul- 
monary dysplasia and the need for home oxygen therapy. 
He also had a seizure disorder and hydrocephalus, which 
was teated by a ventriculoperitoneal shunt. He died at 
home, and no autopsy was performed. 

The surviving 15 patients underwent the treatments 
outlired in Table 2, after the initial bowel resection and, 
in mest cases, ostomy closure. All patients received TPN 
whilethey were in the hospital, and nine patients received 
home TPN (one patient continues to receive TPN at night). 
Fourteen of the 16 patients received drip feedings that 
were usually administered via a pump. 

Thirteen patients required rehospitalization, for a va- 
riety of reasons. Episodes of diarrhea, electrolyte imbal- 
ance, dehydration, and weight loss were not infrequent, 
and usually, these had to be treated with intravenous flu- 
ids. The need for further surgical therapy was common, 
ranging from emergency procedures (central venous line 
replacement and adhesiolysis), to more elective attempts 
to slew transit time or improve peristalsis (reversed in- 
testinal segments’? and/or tapering enteroplasty~*). 
These latter techniques were performed 6 months to 4 
years.after attempts at dietary manipulation failed to pro- 
duce sustained weight gain with enteral feedings. Al- 
though the reversed segments did not slow transit time 
significantly, as judged by an upper gastrointestinal tract 
radiozraph and clinical response, the tapering entero- 
plasty did result in a decreasing number of stools within 
1 to 2 weeks (Figure). The majority of patients were even- 
tually weaned from special diets, although several have 
rema:ned on modified or elemental diets. 

The growth and development of the children have been 
excellent, despite multiple hospitalizations, operative pro- 
cedures, and complex home therapy. Eleven of 15 survi- 
vors are at or above the 50th percentile for height and 
weight at 2 to 10 years after bowel resection. Two children 
were found to be deaf at the ages of 2 and 3 years, and they 
have been fitted with hearing aids. One of these latter 
childen also has developmental delay, and both were in 
a special school at the ages of 4 and 6 years. Seven children 
(age range, 6 to 10 years) attend a regular school, with two 
havirg done so while they were receiving drip feedings, 
and with two while they were receiving TPN at night. The 
latter two children also participated in sports activities 
with their central lines in place. 

The absence of an ileocecal valve did not preclude nor- 
mal survival in this series. A comparison of bowel length, 
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Table 2.— Treatments Given and Outcome* 


Duration of 
Hospital/Home 
TPN, mo 


Duration of No. of 
Drip Feedings, mo 





No. of Stools/24 h 


Betore 2 wk After 


Enteroplasty Enteroplasty 





Effect of tapering enteroplastvy on number of stools. Note decrease 
in stool number 2 weeks after enteroplasty. 


survival, and durations of TPN and drip feedings revealed 
no significant differences (Table 3). However, the infants 
without ileocecal valves had a significantly higher rehos- 
pitalization rate compared with those with a valve. 


COMMENT 
The survival of infants and children with short-bowel 
syndrome has improved.” primarily because of the in- 
creased use of TPN, both during hospitalization and at 
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Rehospitalizations 


Reoperations 
Patch ileoplasty, pull-through Alive, regular diet 
Central line, adhesiolysis Alive, regular diet 


Adhesiolysis, tapering enteroplasty, Alive, regular diet 


reversed segment 


Central line 6 times, adhesiolysis Alive, night TPN 


3 times, tapering enteroplasty 


Adhesiolysis 2 times, tapering Alive, moderate diet 


enteroplasty, central line 
Adhesiolysis 
Tapering enteroplasty 
Adhesiolysis 2 times Alive, regular diet 
Adhesiolysis, central line Died 
Alive, regular diet 
Alive, elemental diet 
Alive, regular diet 


Alive, regular diet 
Alive, regular diet 


Tapering enteroplasty 
Adhesiolysis 2 times 


Central line, adhesiolysis, reversed 


segment 
Adhesiolysis Alive, regular diet 
Central line, adhesiolysis Alive, regular diet 
Adhesiolysis Alive, regular diet 


Central line Alive, regular diet 


Table 3.—Comparison of Treatment in Infants With or 
Without Ileocecal Valve* 


Mean + SEM 


—_—_—_—_—___—————_—_—_———_—_—_—_—__ 


With Valve Without Valve 
(n=9) (n=7) 


Bowel length, cm 51.9+8.1 45.1+6.6 
Duration of TPN, mo AFEA 5.8+1.8 NS 
Duration of drip feeding, mo 18.3+12.7  11.4+4.0 NS 
3.7+0.8 5.6+1.8 


*NS indicates not significant; TPN, total parenteral nutrition. Survival 
was as follows: with valve, eight (89%) of nine infants; seven (100%) of 
seven infants (P= NS). 





P 


















No. of rehospitalizations 





home. However, even though survival is unlikely without 
TPN in infants like those presented in this series, the use 
of TPN is not without its hazards and complications. The 
remaining intestine will not grow and will not undergo 
hypertrophy in adaptation if TPN alone is utilized. The 
exact cause of this inhibition is unknown, although it may 
be related to decreased pancreaticobiliary secretion.’ Total 
parenteral nutrition is known to cause a poorly under- 
stood liver disease that can be lethal in small infants. In 
another recent series,° the largest cause of death in infants 
with short-bowel syndrome was liver failure, and an ad- 
ditional series’ documented the presence of cholestasis in 
15 of 16 infants with short-bowel syndrome. Finally, the 
complications of central venous catheters, necessary for 
long-term and home TPN, have been well documented, 
and include sepsis, large-vessel (vena cava) thrombosis, 
migration, and extravascular infiltration. The occurrence 
of these ‘Complications 1 is increased in the low-birth-weight 
infant. 1° 
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The pathophysiology of short-bowel syndrome is 
caused by the loss of intestinal mucosal absorptive surface 
area, combined with rapid transit of enteral feedings. This 
causes chronic diarrhea, with loss of fluid, electrolytes, 
and nutrients from nonabsorption. Hyperosmolar feed- 
ings may damage the remaining mucosa, causing a secre- 
tory diarrhea as well. Vitamin deficiency can result from 
the loss of specialized portions of bowel (terminal ileum), 
compounded by steatorrhea that causes poor absorption 
of fat soluble vitamins. Gastric acid hypersecretion is also 
a common result of massive intestinal resection, involving 
both basal hypersecretion and hypergastrinemia.'' Such 
increased acid can potentiate diarrhea, may impair pan- 
creatic enzyme function (giving fat and protein malabsorp- 
tion), and may result in peptic ulceration. 

Additional complications of short-bowel syndrome in- 
clude cholelithiasis related to impaired bile acid absorption 
and altered bilirubin metabolism, and an increased inci- 
dence of nephrolithiasis from abnormal calcium/ 
phosphorus absorption. 

Resection of a large portion of the small bowel in infancy 
results in a series of physiologic responses that are termed 
intestinal adaptation. As a result of these responses, there 
is a gradual increase in the remaining gut surface area 
through mucosal hyperplasia, villous lengthening, deep- 
ening of intestinal crypts, and increase in both length and 
diameter of the remaining intestine. The mechanisms re- 
sponsible for gut adaptation have been the subject of in- 
tense investigation for many years, and they seem to in- 
volve luminal factors, as wellas circulating (hormonal) and 
cellular (polyamine) influences. 

The role of luminal (nutrient) factors has been exten- 
sively investigated experimentally.'* The presence of nu- 
trients within the gut is a potent stimulus for the devel- 
opment of hyperplasia in the remaining intestine after 
bowel resection, resulting in larger villi and crypts, and in 
a greatly increased number of epithelial cells per unit 
length of crypt.'* The increased population of cells is pri- 
marily from accelerated cell turnover within the prolifer- 
ative zone of the crypts. '* The exact point that these im- 
mature enterocytes become fully functional is somewhat 
controversial," but experimentally, these cells are able to 
produce at least some enzymes.’° The intensity of the re- 
sponse of hyperplasia in the remaining bowel is greatest 
after proximal, as opposed to distal, resection,’’ and is 
directly related to the magnitude of resection. "° 

Endogenous intraluminal secretions may also be impor- 
tant stimuli to gut hyperplasia. The most widely studied 
of these is pancreaticobiliary secretions.'* Diverting these 
secretions to distal bowel after small-bowel resection 
causes hyperplasia of mucosa below the level of the trans- 
posed duct, with little or no hyperplasia above that 
point. Pancreaticobiliary secretions are also known to 
cause gut hyperplasia in experimental models with intact 
gut, ° by unknown mechanisms. Finally, the inhibition of 
gut hyperplasia by TPN may be related to pancreatic hy- 
poplasia and hyposecretion,’ an effect that may be re- 
versed by cholecystokinin/secretin infusion. 

The concept that circulating, hormonal factors may have 
a trophic effect on gut mucosa originated in the observa- 
tion that glucagon-secreting tumors produce marked in- 
testinal distention, villous hyperplasia, and mucosa hy- 
perfunction.'’ Further evidence of circulating factors that 
stimulate adaptation comes from parabiotic studies, 
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wher? resection of intestine in one animal stimulates in- 
testinal cell proliferation in the parabiotic partner.'* Hor- 
mones that have been investigated as possible stimulants 
of adaptation include gastrin and cholecystokinin, but nei- 
ther has been shown to have significant effects. Epidermal 
growth factor is found in salivary and duodenal glands, "° 
and i: has been found to be trophic to all segments of in- 
testine. Intraluminal epidermal growth factor, however, 
has no effect, suggesting that only circulating hormone is 
effective.” 

Gut-derived glucagon (enteroglucagon) differs from 
pancreatic glucagon, both chemically and in biologic ac- 
tivity.”" and was the form of glucagon secreted by the tu- 
mors that were associated with gut hyperplasia.'? This 
peptide is secreted primarily in the ileum, and it may be 
released in an increased amount after proximal gut resec- 
tion by the rapid transit of jejunal chyme into the distal 
small bowel. Plasma levels of enteroglucagon rise signif- 
icantly after jejunal resection,’ and enteroglucagon stim- 
ulates DNA synthesis of small-bowel enterocytes in cul- 
ture, suggesting a role for this hormone in intestinal 
adaptation. 

Ce lular-derived polyamines, ie, putrescine, spermi- 
dine, and spermine, are formed from ornithine by the ac- 
tion of ornithine decarboxylase, an enzyme that is nor- 
mally present in intestinal mucosa at low levels but that 
greatiy increases during rapid intestinal proliferation.” 
The polyamines aid in DNA, RNA, and protein synthesis, 
and :ncreased levels are found after bowel resection.” 
Whether increased ornithine decarboxylase or other 
polyamine-regulating enzymes are the result of other 
stimulatory factors, or initiators themselves of bowel hy- 
perp.asia, is not clear. 

Th2 above sequence of physiologic mechanisms of gut 
adaptation have direct application to the treatment of in- 
fants-with short-bowel syndrome and the resultant quality 
of life. The intestine of the newborn and young infant has 
an enormous potential for regrowth, and given enough 
time, most patients will achieve sufficient absorptive ca- 
pacity to sustain growth by enteral feedings alone. How- 
ever, itis clear that a combination of enteral and parenteral 
feedings is the most efficacious route to this end.” Home 
TPN administration is commonplace at this time, and a 
num Der of studies have documented the satisfactory qual- 
ity of life associated with home TPN administration.*°” 
Our routine is to administer home TPN at night, with bolus 
or continuous enteral feedings during the day. This has 
allowed normal development in the majority of our pa- 
tients, with ambulation possible during the day without 
tethering to an intravenous pump. An ambulatory, 
contmuous-feeding enteral pump allows ambulation in 
todd_ers on this form of enteral feeding. 

These methods of nutritional support have resulted in 
near-normal life-styles for many of our patients. Two older 
children (ages, 10 and 8 years) participated in noncontact 
sports with their central venous catheters in place, and two 
others participated while they were receiving drip enteral 
feedings. In addition, four children (age range, 6 to 10 
years) attended a regular school while they were receiving 
either TPN (two children) or continuous enteral feedings 
(two patients). All together, seven children attend a reg- 
ular school, while two others attend a special school be- 
caus2 of developmental delay (n= 1) or deafness (n= 1). 
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Other series of infants and children with short-bowel syn- 
drome have documented similar excellent growth and de- 
velopment.”° 

The use of adjunctive surgical procedures is occasionally 
helpful in the treatment of infants with short-bowel syn- 
drome, the goals of which are to slow transit time, improve 
peristalsis and limit areas of severe intestinal stasis and 
subsequent bacterial overgrowth, while preserving an ab- 
sorptive surface area. Tapering enteroplasty, used in six 
patients in the present series, was performed both by an- 
timesenteric resection of redundant, greatly dilated small 
bowel in five patients and by an invaginating technique 
in one patient. In each case, a reduction in the number of 
stools was noted, as well as more thickened stools in four 
of the six patients. 

Two patients underwent reversed, antiperistaltic small- 
bowel segments to attempt to slow transit time. In each 
case, a 6-cm segment of jejunum was reversed, but neither 
procedure resulted in slowing of transit time by contrast 
radiography or in improvement clinically. Other investi- 
gators have found reversed segments’ or transposed co- 
lonic bowel segments* to be useful in the treatment of 
patients with short-bowel syndrome, but their application 
remains experimental. 

Wilmore,” in an important study published in 1972, at- 
tempted to analyze the factors associated with survival 
after massive small-bowel resection in infancy. He con- 
cluded that survivalwas unlikely with less than 15 cm, and 
that less than 40 cm required the presence of an ileocecal 
valve for survival. Our series, and several other published 
series,”° would suggest that, using modern nutritional 
support, the presence of an ileocecal valve is no longer an 
important determinant of either ultimate survival or du- 
ration of specialized therapy. Attempts to make an ileo- 
cecal valve, while effective experimentally, have not 
been utilized widely in the clinical setting and were not 
used in the present series. 

Virtually every patient in the present series underwent 
other operations, inaddition to a tapering or reversed seg- 
ment procedure. Various combinations of central venous 
access, lysis of adhesions, and pull-through procedures 
were required. In addition, nearly every patient required 
rehospitalization for the treatment of complications of 
therapy, disease precess, readjustment of medications, or 
dietary manipulation. Fortunately, most of these occurred 
early in life, and few children had to miss significant school 
time because of hospitalization. 

Perhaps the mostdifficult factor to assess pertains to the 
time, effort, and dedication put into the survival of these 
patients by the parents involved. The majority of parents 
coped with multiple setbacks, prolonged hospitalizations 
and reoperations, and training on technical equipment to 
attempt to make the lives of their children as normal as 

ossible. Our series, and most other contemporary series 
of short-bowel syndrome, suggest that these attempts 
were rewarded with excellent survival and quality of life 
in the majority of patients. 
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Discussion 

Jay L. GrosreLp , MD, Indianapolis, Ind: Although the authors 
stressed some aspects of short-bowel syndrome, particularly the 
quality of life, I noticed one thing in their report that was some- 
what unusual; they do not list sepsis as a complication in the care 
of these children. In our experience, septicemia is a common com- 
plication that requires rehospitalization, especially in infants who 
are receiving TPN and also receiving some type of elemental diet. 

Many of the infants have necrotizing enterocolitis. They are 
small premature infants, with an immature gut lumen and mu- 
cosa that allow macromolecular penetration. In addition, after a 
vascular insult, some of the mucosa that is left behind may be 
abnormal. Hypoxia affects the mucosa more than the other layers 
of the bowel wall, and there can be a complete sloughing of the 
inner lining with preservation of the muscularis and serosa. 
These infants have often been difficult to feed, and their course 
has frequently been complicated by septic events. 

Recent evidence indicates that both TPN and elemental diets 
may be associated with bacterial translocation. I wonder if Dr 
Weber would comment on the difficulty in feeding these patients 
and compare the recovery of the patients with necrotizing en- 
terocolitis to his other cases of short-bowel syndrome in more 
mature infants. We have also observed that these infants are 
much more prone to the development of a rotavirus infection. In 
fact, eight of our patients with short-bowel syndrome experi- 
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enced pneumatosis intestinalis after a rotavirus infection. It 
looked like a recurrence of necrotizing enterocolitis. Fortunately, 
all of these patients responded to medical treatment, and none 
required surgical intervention. 

The authors also describe a number of ancillary operative pro- 
cedures. We would agree that reversed intestinal segments have 
not been effective in these cases and would advise against their 
use. Have the authors considered the Bianchi operation where 
a longitudinal division of the remaining short bowel would allow 
doubling of the length of the intestine? Would any of the infants 
in the authors’ study benefit from this procedure? 

Although the authors indicated that their patients were at the 
50th percentile for growth, they did not report if that was for 
weight or height. Our patients have achieved normal weight, but 
some of the children are small as skeletal growth may be inhibited 
in patients with the short-bowel syndrome. If affected children 
fail to show catch-up growth, we have administered growth hor- 
mone. Do the authors have any experience with using adjuncts, 
such as insulin-like growth factor and recombinant growth hor- 
mone, both of which have a trophic effect on adaptation in pa- 
tients with short-bowel syndrome? 

Does Dr Weber think there is a role for glutamine adminis- 
tration? Glutamine has a protective effect on the gut mucosal 
barrier, as well as a trophic effect. Now that FK506 is available 
as an imamunosuppressive agent would Dr Weber consider any 
of his p-oblem patients as candidates for intestinal transplanta- 
tion? 

Dr Weser: We have had a number of episodes of sepsis, and 
sepsis Ceveloped in a number of patients even before they left 
the hospital. Many of these episodes have been related to central 
venous line sepsis. The development of sepsis is well known in 
this population of patients. Dr Grosfeld, in his laboratory, 
showed a number of years ago that resection of a large amount 
of bowel results in immune compromise. Rotavirus is a serious 
problem in these children, and many of the rehospitalizations for 
diarrhea are due to rotavirus. We have not used the Bianchi tech- 
nique fcr bowel lengthening. The 50th percentile was weight for 
height in this series. 

We have not utilized growth factors to date. We have not re- 
ferred any patients for intestinal transplantation, which obvi- 
ously remains an experimental procedure at this point. Perhaps 
with the availability of new immunosuppressive agents, trans- 
plantation will, in fact, become a viable alternative. 
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Pregnancy Category B: Reproduction studies nave been performed in mice 
rats, and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions. ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone. frequency of 
contractions. height of contractions, and duration of contractions How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on thefetus. prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore. caution should be exercised when UNASYN 
is administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site— 16% 

Thrombophiebitis— 3% 
Systemic Adverse Reactions 
Tne most frequently reported adverse reactions were diarrhea in 3°o of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
Aeng nausea. vomiting. Candidiasis. fatigue. malaise, headache. chest 
pain, flatulence. abdominal distension, glossitis. urine retention. dysuria 
edema. facial swelling. erythema. chills, tightness in throat. substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

Ci Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LOH 

Hematologic’ Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils. lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils. eosinophils. and platelets 

Blood Chemistry. Decreased serum albumin and total proteins 

Renal: increased BUN and creatinine 

Urinalysis Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black “hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and. if necessary, systemic cortico- 
steroids Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins. All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Surgical Evaluation of Henoch-Schonlein Purpura 
Experience With 110 Children 


Schmuel Katz, MD; Marilyn Borst, MD; Inder Seekri, MD; Jay L. Grosfeld, MD 


è Henoch-Schénlein purpura is a disorder of unknown or- 
igin that is probably related to an autoimmune phenomenon. 
This report concerns 110 children (mean age, 6.2 years; 
range, 6 months to 14 years) with Henoch-Schdnlein pur- 
pura. Seventy-two (65%) had abdominal pain associated 
with nausea and vemiting, bloody stool, and upper gas- 
trointestinal bleeding. Sixty patients with abdominal pain 
were evaluated and treated conservatively. However, 12 pa- 
tients underwent laparotomy. Six underwent unnecessary 
appendectomy for wrongly diagnosed appendicitis. Bowel 
resection was performed in one patient for an obstructive 
ileal lesion. Six additional patients had intussusception; sur- 
gery was required in three, while barium enema reduction 
was successfully accomplished in three others. Massive gas- 
tric hemorrhage required ligation, vagotomy, and pyloro- 
plasty in two instances. One child with severe scrotal pain, 
hemorrhage, and swelling underwent unnecessary scrotal 
exploration. Four additional patients with similar symptoms 
avoided operation after a testicular scintiscan demonstrated 
good blood flow. A high index of suspicion and early diag- 
nosis of Henoch-Schinlein purpura based on clinical, roent- 
genographic, and laboratory findings may avoid unneces- 
sary operations in most cases. However, life-threatening 
complications (hemorrhage, obstruction, and intussuscep- 
tion) may occur and require operative intervention. All of 
the patients survived. 
(Arch Surg. 1991;126:849-854) 


Hi enoch-Schénlein purpura (HSP) is a condition of un- 
known origin probably related to an autoimmune 
phenomenon involving an IgA immune complex disor- 
der.’’? Henoch-Schénlein purpura is characterized by a 
rash that is often purpuric, abdominal pain (often asso- 
ciated with gastrointestinal bleeding), arthralgia, micro- 
scopic hematuria, proteinuria, and in some cases, 
nephritis. ** 

Many children with HSP initially present with acute ab- 
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dominal pain, often requiring surgical consultation and 
evaluation. This study describes an experience with 110 
children with HSP in an attempt to (1) improve the rec- 
ognition of this disorder as a cause of abdominal pain in 
children, and by increased awareness, avoid unnecessary 
surgical intervention in most cases; and (2) clarify the 
causes of and indications for operative treatment in the 
occasional patient with potentially life-threatening gas- 
trointestinal complications of this condition. 


PATIENTS AND METHODS 

One hundred ten children with HSP were admitted to the 
James Whitcomb Riley Hospital for Children on the Indiana Uni- 
versity Center campus, Indianapolis, between 1972 and 1989. 
There were 60 boys and 50 girls. Ninety-eight percent (108 of 110) 
were white. The average age at onset of symptoms was 6.2 years 
with a range of 6 months to 14 years. Thirty children presented 
with an acute illness during the months of February and March, 
15 during the month of October, and only two during the month 
of June. There was no significant change in the yearly incidence 
of HSP during the length of the study. 


Signs and Symptoms 

Abdominal pain was present in 72 patients (65%). This was 
associated with nausea and vomiting in 47 patients, bloody stools 
in 40, and upper gastrointestinal bleeding in seven (Fig 1). Five 
patients (8.3% of the boys) presented with acute scrotal pain and 
swelling. Other pertinent findings often noted after the onset of 
abdominal pain included purpuric rash (n = 104 [95%]), arthralgia 
(n = 64 [58%]), microscopic hematuria (n = 40 [37%]), proteinuria 
(n = 22 [20%]), and thrombocytosis (n = 99 [90%]) (Fig 2). Twenty- 
four patients (22%) had all four major clinical manifestations of 
HSP: abdominal pain, purpuric rash, arthralgia, and hematuria. 
Forty patients (36%) had three and 22 patients (20%) had two 
major manifestations of HSP. Forty-two patients (38%) described 
a prodrome of a recent sore throat experienced before the onset 
of HSP. 


Laboratory Findings 
Hematuria and proteinuria were the major abnormal findings 
on urinalysis. Levels of serum electrolytes, blood urea nitrogen, 
and creatinine were normal on admission in most patients. Eight 
children had significantly high titers of antistreptolysin O. Ninety 
percent of patients had thrombocytosis characterized by a platelet 
count of greater than 275 x 10°/L. 


Radiologic Studies 
Forty patients with acute abdominal pain underwent erect and 
recumbent abdominal roentgenography. The findings were con- 
sidered nonspecific in 26 patients and showed an abnormal 
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Abdominal N/V 
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Bloody UGI Bleeding Acute 
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Fig 1.— Bar graph demonstrating the clinical presentation in 110 cases 
of Henoch-Schénlein purpura that prompted surgical consultation. 
Abdominal pain was noted in 72 (65%) of the 110 cases. N/V indicates 
nausea/vomiting, and UGI, upper gastrointestinal. 


bowel-gas pattern, dilated bowel loop, or obstructed small-bowel 
pattern in 14 instances. Twenty-nine patients underwent roent- 
genographic contrast studies. An upper gastrointestinal and 
small-bowel contrast study was performed in 19 patients, and a 
barium enema in 10. Upper gastrointestinal contrast study 
showed irregularity or thickening of the intestinal folds sugges- 
tive of inflammatory bowel disease in nine patients, duodenal 
wall hematoma in one, evidence of small-bowel obstruction in 
one, and normal findings in eight. Two of 10 patients had a nor- 
mal barium enema; six demonstrated an ileocolic intussuscep- 
tion, with successful hydrostatic reduction of the process in three 
cases. In two other children, thickening of the rectosigmoid sug- 
gestive of intramural hemorrhage was observed. 

Four of five boys who presented with acute scrotal pain and 
swelling mimicking testicular torsion underwent technetium Tc 
99m testicular scintiscan that was interpreted as normal. All four 
were treated conservatively. One of two patients with renal fail- 
ure due to HSP experienced massive life-threatening upper gas- 
trointestinal hemorrhage and underwent an unsuccessful arte- 
riographic attempt to control bleeding by selective injection of 
vasopressin and/or embolization. The other patient underwent 
computed tomography of the head that showed a large intra- 
cerebral hemorrhage. 


Surgical Procedures 

In most patients (88%) with abdominal pain and scrotal swell- 
ing, symptoms subsided within a week with or without the use 
of steroid therapy. The severity of abdominal pain in these pa- 
tients was often incompatible with the findings on physical ex- 
amination. Abdominal tenderness was often diffuse rather than 
localized, and muscular rigidity, guarding, and evidence of peri- 
toneal irritation were quite uncommon. The abdomen was de- 
scribed as “soft on palpation” in more than two thirds of the 
patients examined. Sixty of the children with abdominal pain 
were treated conservatively. However, 13 surgical procedures 
were performed in 12 patients (Fig 3). This represented 10.9% of 
the entire group and 16.7% of the 72 cases with abdominal pain. 
Six children with suspected appendicitis underwent laparotomy 
and appendectomy at other hospital facilities before postoper- 
ative referral to the James Whitcomb Riley Hospital for Children 
because of continued abdominal pain. It is of interest that none 
had gross or histologic evidence of appendicitis. 

In one of the postappendectomy patients, persistent cramping 
abdominal pain and evidence of small-bowel obstruction resulted 
in a second laparotomy and resection of a 25-cm midportion of 
the obstructed ileum. The bowel appeared edematous and had 
inflammatory changes similar to those seen in children with in- 
flammatory bowel disease. Six patients had ileocolic intussus- 
ception; three were successfully reduced by hydrostatic barium 
enema; the other three patients required operative intervention. 
Two underwent successful manual reduction of the intussuscep- 
tion, while one child required bowel resection and anastomosis. 
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Fig 2.—Far graph demonstrating other important clinical and lab- 
oratory windings in patients with Henoch-Schénlein purpura. The 
charact=istic “palpable purpura” rash was noted in 95% of cases. 
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Fig 3.— Ber graph demonstrating the clinical presentation of patients 
with Hertoch-Schénlein purpura in whom a surgical procedure was 
performed. All six patients with abdominal pain and suspected ap- 
pendicitis had a noninflamed appendix removed at operation. UGI 
indicates upper gastrointestinal. 


Seven children had upper gastrointestinal bleeding. This was 
self-limit-ng in five cases, but two children with renal failure pre- 
sented with life-threatening massive upper gastrointestinal 
bleeding from gastric ulcers. A 13-year-old girl had a purpuric 
rashanc “enal failure. A renal biopsy showed diffuse proliferative 
glomerubnephritis in 50% of the glomeruli. Due to the severity 
of renal disease she was treated with prednisone and azathio- 
prine (Imuran). One day following institution of steroids, she 
developed massive upper gastrointestinal bleeding. She under- 
went laparotomy, suture ligation of two bleeding gastric ulcers, 
vagotom, and pyloroplasty. After surgery she developed in- 
creased intracranial pressure requiring mannitol and ventilator 
support. Recurrent gastric hemorrhage in the postoperative pe- 
riod was successfully treated with arteriographic embolization of 
the left gestric artery. She subsequently recovered and had grad- 
ual resclition of the manifestations of HSP over a 3-month 
period. The other patient (an 8-year-old boy) had fever and ab- 
dominal Dain, and suddenly became stuporous and unrespon- 
sive. Computed tomographic scan showed a large left parieto- 
occipital intracerebral hemorrhage. He was treated with 
dexamethasone phosphate (Decadron) and phenobarbital (5- 
ethyl 5-prenylbarbituric acid) but continued to deteriorate, re- 
quiring am emergency craniotomy and clot evacuation on the sev- 
enth day Jf his illness. Persistent increased intracranial pressure 
was treated with mannitol and phenobarbital. Prednisone and 
azathioprine therapy was initiated for progressive renal involve- 
ment cha-acterized by glomerulonephritis. Despite the use of ci- 
metidine aydrochloride and antacids, on the 22nd hospital day, 
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he had massive upper gastrointestinal bleeding that was unre- 
sponsive to celiac artery infusion of vasopressin. He underwent 
laparotomy and oversewing of several gastric ulcers, vagotomy, 
and pyloroplasty. His recovery was uneventful. 

One patient with an acutely affected scrotum underwent op- 
eration with an incorrect diagnosis of testicular torsion. He was 
the only one of five such boys not evaluated with a testicular 
scintiscan before operation, and had a normal testis at explora- 
tion. In retrospect, it was clear that seven of the 12 children un- 
derwent unnecessary operative procedures. Nine patients (8.2%) 
had valid indications for operative intervention. In three cases, 
hydrostatic barium enema reduction of an ileocolic intussuscep- 
tion obviated the need for a surgical procedure. The mortality rate 
in this series was zero. 


COMMENT 

Henoch-Schénlein purpura is a disorder caused by cu- 
taneous and systemic small-vessel vasculitis of unknown 
origin. It is likely that this condition is due to an IgA im- 
mune complex disorder.‘ An increased number of cir- 
culating IgA secreting cells are seen in patients with 
HSP.°’ Henoch-Schénlein purpura has been observed af- 
ter bacterial or viral infections (particularly pharyngitis), 
exposure to cold, insect stings, allergies, and administra- 
tion of a wide variety of drugs including antibiotics.”® It 
is likely that HSP is due to an IgA-mediated immune re- 
sponse to a wide variety of foreign antigens. ”* No single 
causative agent has been noted. In an epidemiologic 
study, Farley and associates* suggested that the incidence 
of HSP was higher among urban Hispanic children and 
those children in lower socioeconomic groups than among 
suburban children or those in higher socioeconomic 
groups. This case-controlled study also suggested that pa- 
tients with HSP were more likely than controls to have a 
sore throat during the month before the onset of their ill- 
ness. Of interest was that 95% of patients in the study had 
elevated platelet counts and 35% had an elevated eryth- 
rocyte sedimentation rate. Saulsbury and Kesler’ have 
similarly reported a high occurrence of thrombocytosis in 
children with HSP. In the present study, 38% of cases had 
a prodrome of a recent sore throat, and 90% had throm- 
bocytosis. 

Renal disease is the most serious complication of HSP, 
but the long-term complication rate following renal in- 
volvement is usually minimal.’ Renal involvement is 
characterized by either focal glomerulonephritis or diffuse 
proliferative nephritis. Microscopic hematuria is found in 
most cases and red cell casts are found in a few. Although 
HSP is usually a self-limiting disorder, when severe renal 
involvement occurs, a poor prognosis is directly related to 
the severity of the renal disease. Circulating IgA immune 
complexes have been implicated in cases of renal involve- 
ment, being present in 87% of patients with renal impair- 
ment. +° Immunofluorescence microscopy of renal biopsy 
specimens demonstrates mesangial deposits of IgA in 87% 
of patients affected with HSP."° Forty percent of children 
with HSP have clinically apparent glomerulonephritis; 
however, in only 3% to 14% of cases does the disease ac- 
tually progress to chronic renal insufficiency." Patients 
with HSP with chronic renal failure represent approxi- 
mately 2% of all children undergoing hemodialysis.” It is 
of great interest that recurrence of HSP has been docu- 
mented in patients undergoing renal transplantation for 
chronic renal failure." These cases indicate the impor- 
tance of careful evaluation of each of these patients for 
possible involvement of the kidneys. 
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There is considerable controversy concerning the effec- 
tiveness of steroid therapy in this condition.*’'°’'* Some 
investigators indicate an excellent symptomatic response 
following administration of steroid therapy; however, the 
duration of disease probably remains unchanged. Most 
investigators, however, do recommend that high-dose 
steroid therapy is useful in patients with progressive renal 
disease or nephrotic syndrome as a complication of HSP. 

The skin lesions in HSP are characterized by the pres- 
ence of a crop of purpuric lesions affecting the lower ex- 
tremities and extensor surfaces of both the upper arms and 
forearms. ’’*’° Histologically the skin lesions have a char- 
acteristic leukocytoplastic vasculitis." ™ In addition to skin 
deposits of IgA, complement deposition has been ob- 
served in vessels in the papillary dermis, indicating that 
complement activation may also play a role in the patho- 
genesis of the vasculitis. "° In many instances, the char- 
acteristic skin lesions are not present when the patient has 
acute abdominal pain. The rash may be preceded by ab- 
dominal pain or arthralgia by up to 2 weeks in 40% of 
patients with HSP."* Two thirds of the patients with HSP 
have abdominal symptoms characterized by cramping ab- 
dominal pain. Abdominal pain most likely results from 
submucosal and subserosal hemorrhage and accumula- 
tion of edema fluid in the wall of the bowel due to vasculitis 
and thrombosis of small vessels.’*’’* These changes may 
lead to gastrointestinal bleeding, intussusception, and 
bowel obstruction.****° The gastrointestinal symptoms 
of HSP often mimic those of an acute surgical abdomen, 
frequently requiring a surgical consultation to carefully 
evaluate each patient for possible intra-abdominal com- 
plications of this disorder.** Gastrointestinal involvement 
in this condition is common, and while most cases spon- 
taneously resolve, some may be complicated by intussus- 
ception, perforation, bowel necrosis, and hemorrhage. 
The incidence of serious intra-abdominal complications in 
HSP is quite low. 

Harvey and Colditz’® in a review of 105 children with 
HSP in Australia observed three instances of intussuscep- 
tion (2.9%) and one bowel perforation (1.0%). Six others 
had negative laparotomy results. Cull et al reported com- 
plications in eight (4.4%) of 183 children with HSP in Cal- 
ifornia and Texas. Six children had intussusception (3.3%) 
(three ileoileal and three ileocolic) and none of the ileocolic 
cases could be reduced by hydrostatic barium enema. 
There was one perforation and one ischemic bowel seg- 
ment. Two other patients had negative laparotomy re- 
sults. Mir’” reported a complication rate of 6.4% (seven of 
110 cases). The findings in these large series are similar to 
those in our study in which only nine (8.2%) of 110 patients 
(six with intussusception, one with obstruction, and two 
with massive gastric hemorrhages) had serious intra- 
abdominal complications. In contrast to these findings, 
Martinez-Fotanilla et al'* reported a much higher inci- 
dence of complications in HSP, with 13 (22.4%) of 58 symp- 
tomatic patients requiring surgical intervention. In chil- 
dren with HSP, intussusception is the most common 
complication and is most often ileocolic.* The diagnosis 
may, therefore, be achieved by performing a contrast bar- 
ium enema. Although previous reports suggest that in- 
tussusception in HSP is often irreducible,” hydrostatic bar- 
ium enema reduction was accomplished in three of six of 
our cases, thereby avoiding a laparotomy. Ileoileal intus- 
susception occurs more frequently in patients with HSP 
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than in the general population. A barium swallow with 
small-bowel series will often identify the small-bowel in- 
tussusception. 

In the present study, six children with abdominal pain 
underwent an appendectomy. All of these children had 
been operated on at other institutions. Continued abdom- 
inal pain, despite negative findings on exploration for ap- 
pendicitis, stimulated the referral of these cases to our 
tertiary-care pediatric center. Although bowel perfora- 
tion, bowel infarction, pancreatitis, hydrops of the gall- 
bladder, stenosing ureteritis, late ileal stricture, and 
pseudomembranous colitis have all been reported as com- 
plications of HSP, these conditions were not seen in our 
study.**'*? Although rare cases of appendicitis have also 
been reported in children with HSP,’”* none of the six 
children undergoing appendectomy in the current series 
had appendicitis. In one postappendectomy patient, how- 
ever, symptoms of intestinal obstruction were observed. 
At laparotomy the patient had an edematous inflamed seg- 
ment of the ileum that, on gross inspection, appeared sim- 
ilar to instances of Crohn’s disease. The patient was suc- 
cessfully treated with bowel resection and anastomosis. 

As tabulated below, patients with HSP and abdominal 
pain may have some unusual roentgenographic features 
on contrast studies of the gastrointestinal tract. +” 


Method of Study Findings 
Abdominal Nonspecific obstruction 
roentgenographs 


Upper gastrointestinal Thickened mucosal 
contrast study folds (jejunum); 
Spiculated edematous 
folds (ileum); 
Obstruction (small-bowel 
intussusception) 


lleocolic intussusception; 
Thick colonic folds, 
thumbprinting 


Barium enema 


A duodenal hematoma was seen in one of our patients. 
Glasier et al* described thickened folds involving the je- 
junum and ileum on a barium contrast study in patients 
with HSP. The intestinal folds have an irregular, nodular 
appearance and in some instances, spiculated mucosal 
folds have also been seen that are suggestive of inflam- 
matory bowel disease. However, in the presence of a rash, 
the diagnosis of HSP should be considered. Barium enema 
may be useful in the diagnosis of ileocolicintussusception. 
In some cases, however, barium enema may document the 
presence of submucosal thickening in the colon suggestive 
of an intramural hemorrhage and in other instances, 
thumbprinting consistent with vasculitis may also be ob- 
served.* These findings correlate with the submucosal and 
intramural infiltration of the bowel wall by blood or edema 
fluid related to the vasculitis associated with HSP.*°-?6 
Increased intestinal permeability has been demonstrated 
in children with HSP, and has been correlated with IgA 
immune complex plasma levels.” Tomomasa et al? have 
performed endoscopy in children with HSP. Erosive gas- 
tritis and duodenitis as well as aphthoid ulcers in the colon 
and rectum have been observed. Biopsies of the colon have 
indicated the presence of vasculitis with endothelial pro- 
liferation and thrombosis of small vessels on histologic 
evaluation similar to those found in the skin of patients 
with HSP. In the present study, in one patient who re- 
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quired a bowel resection for intestinal obstruction, the ap- 
pearance of the bowel simulated Crohn’s disease. The ab- 
normal roentgenographic findings seen in the intestinal 
tract in HSP are reversible when symptoms of the under- 
lying dsorder resolve. The differential diagnosis in pa- 
tients with these findings include B-cell lymphoma and 
regional enteritis.* Although roentgenographic findings 
may be nonspecific, the examinations can be used effec- 
tively as an adjunctive study early in the disease process 
and may alert the clinician to a complication of HSP.*® 

Five boys (8.3% of the boys) in this study presented with 
scrotal Dain and swelling consistent with possible testic- 
ular torsion. Other reports have similarly indicated that 
orchitis associated with hemorrhage and edema in HSP 
may mimic torsion of the testis. 167% It is of interest that 
four of “ive boys in the present study underwent a testis 
scintiscan that ruled out torsion and resulted in a conser- 
vative epproach to their care. In one instance, testicular 
scintigraphy was not performed and the patient under- 
went an unnecessary scrotal exploration. At the time of the 
operatien, the testis was normal. The reported incidence 
of scrotal involvement in HSP ranges from 6% to 36% of 
cases, m 

Mass-ve upper gastrointestinal hemorrhage and central 
nervous system involvement are unusual complications of 
HSP.***" Gastrointestinal bleeding in HSP is usually self 
limited.** Serious bleeding episodes are relatively rare. 
Although Clark and Fitzgerald’* reported hypoprothrom- 
binemiz in patients with HSP, none of the patients in the 
current study demonstrated a coagulopathy, although one 
additional patient with a prolonged prothrombin time had 
pulmonary hemorrhage. Payton and associates? reported 
a simila- case of pulmonary hemorrhage. Both of our pa- 
tients with gastric ulcer had increased intracranial pres- 
sure and one of them had intracerebral bleeding requiring 
craniotcmy and clot evacuation. Although these patients 
were treated with steroids, the bleeding was more likely 
a result of vasculitis. Central nervous system bleeding as- 
sociated with HSP is relatively unusual. Similar cases have 
been reported by Belman et al*’ and Sciattariella and as- 
sociates ° Both of our patients with gastric ulcer required 
surgical intervention to stop massive upper gastrointes- 
tinal bleeding. Bleeding recurred in one patient after sur- 
gery, but responded to angiographic embolization. For- 
tunately, both children survived and their renal failure 
resolvec. 

These results indicate that HSP is usually an acute self- 
limited srocess. Although many children (65% to 70%) 
with H&P have severe cramping abdominal pain, few re- 
quire surgical intervention. Increased awareness of the 
manifes-ations of HSP should aid in the recognition of this 
disorder, and avoid unnecessary laparotomy in most 
cases. On the other hand, potentially life-threatening gas- 
trointestinal complications may occur in a small percent- 
age of cases (8.2% in this study). Prompt recognition of 
these specific problems and roentgenographic evaluation 
of ongomg or increasing abdominal pain associated with 
muscle guarding and/or abdominal distention will permit 
early su-gical intervention. 
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Discussion 

Morton M. Woo ttey, MD, Los Angeles, Calif: Dr Grosfeld and 
his coauthors have presented a commendable retrospective clin- 
ical review of the perceived as well as actual surgically treatable 
lesions associated with one of the several systemic vasculitides 
that occur in infancy and childhood. Of 110 pediatric patients 
with HSP, 12 patients, or 11%, were operated on. According to 
the authors’ evaluation, seven of the operations were unneces- 
sary. 

The first important message from this article is that when a 
patient with HSP has associated abdominal pain, additional di- 
agnostic studies should be performed before recommending ce- 
liotomy. By implementing appropriate studies, unnecessary ce- 
liotomies would be decreased. Dr Grosfeld asked me to discuss 
this article because of a similar review performed by one of our 
former residents from the Childrens Hospital of Los Angeles who 
is now stationed in San Antonio, Tex. Major Kevin Lally? com- 
bined the experience from the Childrens Hospital of Los Angeles 
and the Santa Rosa Children’s Hospital in San Antonio. In this 
combined series, there were 183 patients. The majority of the 
observations were similar but there were a few noticeable dif- 
ferences. 

In the Indianapolis experience, all of the intussusceptions were 
ileocolic. One half of the ileocolic intussusceptions were reduced 
by hydrostatic barium pressure and one half required a surgical 
procedure, two being reduced and one requiring resection. In the 
Los Angeles-San Antonio series, one half were ileocolic and the 
other half were ileoileal. All of the ileoileal lesions required re- 
section. 

Do you have any explanation for the absence of ileoileal in- 
tussusception in your series? In the majority of reported series, 
I believe that ileoileal intussusception is quite common in asso- 
ciation with HSP. Any surgeon who cares for infants and children 
must have a reasonable grasp of dermatology. You have noted 
that the appearance of rash frequently is after the onset of ab- 
dominal pain rather than preceding the pain. The rash generally 
starts on the feet and migrates centrally in contrast to other 
rashes, such as measles, that begin on the trunk. 

The experience which you have related, ie, that the abdominal 
pain precedes the rash, is in contrast to my own personal ex- 
perience. On several occasions, a house officer has presented a 
patient with abdominal pain without arriving at a definitive di- 
agnosis. When asked if he had undressed the patient completely, 
there is a long, silent, embarrassed pause. Recently one resident 
came back after I had asked if he had undressed the patient to 
tell me that he had only found one or two small red spots on the 
patient’s ankle that he felt was probably not significant. I did 
suggest that this was significant and that the patient did have 
HSP. 

Since the conclusions from this article are from a chart review 
and not your own personal experience, I wonder if you believe 
that the time of appearance of the rash is actually after the ab- 
dominal pain or if the inexperienced initial examiner simply 
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missed the early rash due to an incomplete physical examination. 
In other words, if you were the initial examiner, do you think the 
rash would have “appeared” at an earlier time? 

You have shown us convincing evidence, both by gross ex- 
amination and microscopic slides, that the bowel is severely in- 
flamed. The slide which I am showing is 33 years old, taken when 
Iwasa residentin Boston. Dr Robert Gross, the chief of the service 
where I did my residency, did not allow the residents to resect 
and anastomose the bowel for intussusception with HSP because 
of the risk of anastomotic leak. Some of the patients with HSP 
have significant continuing abdominal pain following surgery 
and are receiving steroid therapy, which is apt to keep the sur- 
geon worried about anastomotic integrity. 

Since your former chief, Dr Clatworthy, was a Robert Gross 
trainee and was your chief in Columbus, I suspect that you were 
required to set up Mikulicz spurs as I was. Would you ever use 
this so-called safer technique of exteriorizing the bowel until the 
patient recovered from HSP? I would recommend that it be read 
by all surgeons who see infants and children with abdominal 

ain. 
j Dr GrosreLp: I asked Dr Woolley to discuss this report because 
I knew he was experienced in the management of these cases. 

When we reviewed our data, it was of interest that all six pa- 
tients with intussusception in this study had an ileocolic intus- 
susception; however, in the past week (just before coming to this 
meeting) we treated an ileoileal intussusception in an HSP pa- 
tient. 


SmalFbowel intussusception occurs more commonly in chil- 
dren wih HSP than in the general population. However, ileocolic 
intussusception still remains the most common intussusception 
among children with HSP. 

In 38% of our cases, HSP followed the prodrome of a sore 
throat. -n a case review done at Yale University, New Haven, 
Conn, children with HSP more often came from a lower socio- 
economic group than other patients in a controlled study. In fact, 
childrer of Hispanic backgrounds were more commonly affected 
in the New Haven, Conn, area than were others. 

In regard to the HSP rash, perhaps a more seasoned clinician 
may be more astute and pick out an occasional case where he sees 
a subtle rash than can an inexperienced house officer. On the 
other hend, in the literature (as in this report), almost half the 
cases of HSP are associated with abdominal findings or scrotal 
pain befere the rash occurs. 

The use of steroids in HSP is highly debatable. Steroids may 
reduce the symptoms but do not alter the duration of the disease. 
Fortuna-ely, in most cases, HSP is an acute illness whose natural 
course is short-lived and almost all the patients survive. The mor- 
tality rae in this group of 110 children with HSP was zero. 

Dr Woolley asked whether we performed a temporary en- 
terostomy in patients with intussusception requiring bowel re- 
section. While we rarely performed a bowel anastomosis after 
bowel resection for intussusception 10 years ago, in recent years, 
we have restored intestinal continuity by primary anastomosis 
during the initial procedure. 
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Perceived Quality of Life and Preferences for Life-Sustaining 


Treatment in Older Adults 


Richard F. Uhlmann, MD, MPH, Robert A. Pearlman, MD, MPH 


We investigated whether perceived quality of life is associated with preferences for 
life-sustaining treatment for older adults. Participants included chronically ill, elderly 
outpatients (N = 258) and their primary physicians (N= 105). Patients and physicians 
were independently administered a questionnaire regarding patient quality of life and 
preferences for cardiopulmonary resuscitation and mechanical ventilation for the pa- 
tient. Physicians rated patients’ global quality of life, physical comfort, mobility, de- 
pression, anxiety, and family relationships significartly worse than did patients. 
Nearly all perceptions of patients’ quality of life were significantly associated with 
physicians’ perceptions, but not patients’ treatment preferences. Patient-physician 
agreement on patient global quality of life was not signi-icantly associated with agree- 
ment regarding treatment preferences. We conclude tha: primary physicians generally 
consider their older outpatients’ quality of life to be wcrse than do the patients. Fur- 
thermore, physicians’ estimations of patient quality of life are significantly associated 
with physicians’ attitudes toward life-sustaining treatment for the patients. For the 
patients, however, perceived quality of life does not appear to be associated with their 
preferences for life-sustaining treatment. (Arch Intern Hed. 1991;151:495-497). 
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Acute Diverticulitis 


A Complicated Problem in the Immunocompromised Patient 


Edward S. Tyau, MD; Jay B. Prystowsky, MD; Raymond J. Joehl, MD; David L. Nahrwold, MD 


è We reviewed the records of 209 patients with acute di- 
verticulitis treated from 1984 through 1989 to determine if 
immunocompromised patients have a worse prognosis than 
nonimmunocompromised patients. Forty immunocompro- 
mised patients and 769 nonimmunocompromised patients 
with acute diverticulitis were identified. Free perforation 
into the peritoneal cavity occurred in 43% (17/40) of im- 
munocompromised patients and 14% (24/169) of nonim- 
munocompromised patients. Operations were performed in 
58% (23/40) of immunocompromised patients and 33% (55/ 
169) of nonimmunecompromised patients. Postoperative 
morbidity was 65% (15/23) in immunocompromised pa- 
tients and 24% (13755) in nonimmunocompromised pa- 
tients; postoperative mortality was 39% (9/23) and 2% (1/ 
55), respectively. We conclude that acute diverticulitis in the 
immunocompromised patient is a complicated problem; 
there is a greater riskof free perforation and need for surgery 
than in the nonimmunocompromised patient. Furthermore, 
the prognosis for immunocompromised patients who un- 
dergo surgery is worse than that for nonimmunocompro- 
mised patients. 
(Arch Surg. 1991;126:855-859) 


| ncreasingly, hospitalized patients are immunocompro- 

mised. The most eommon factors leading to diminution 
of host defense include congenital or acquired immune 
disorders, malnutrition, uremia, malignant neoplasms, 
and immunosuppressive drug administration. It is not 
clear that these patients have an increased incidence of 
gastrointestinal tract disease, nor is it known whether im- 
munocompromising disorders or agents are causative fac- 
tors in the occurrence of gastrointestinal tract disease. 
However, as early as 1950, Beck and coworkers: recog- 
nized an increased risk of colonic perforation in patients 
treated with glucocorticoids. Other investigators identi- 
fied an association between long-term glucocorticoid ad- 
ministration and celonic perforations and have noted a 
grave prognosis for the steroid-treated patient who suffers 
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gastrointestinal tract complications.*”° 

The purpose of this review was to determine whether 
the outcome of acute diverticulitis is worse in the immu- 
nocompromised patient than in the nonimmunocompro- 
mised patient. Specifically, we sought to determine the 
frequency of free perforation, need for surgery, and com- 
plications to define the outcome of acute diverticulitis in 
these patients. 


PATIENTS AND METHODS 

We reviewed the charts of all patients who were discharged 
with a diagnosis of acute diverticulitis from Northwestern Me- 
morial Hospital, Chicago, Ill, from July 1, 1984, through June 30, 
1989. The diagnosis of acute diverticulitis was made by either (1) 
signs of acute diverticulitis at celiotomy or (2) the presence of 
three of the following four clinical findings: fever (body temper- 
ature >37.5°C), leukocytosis (white blood cell count >10.5 x 10°/ 
L), left-lower-quadrant abdominal pain and tenderness, and ra- 
diologic signs of acute diverticulitis noted by either contrast 
enema examination, computed tomographic scan, or ultrasound. 
Immunocompromise was defined by a concurrent history of ex- 
ogenous glucocorticoid treatment, endogenous hypercortiso- 
lism, malnutrition, uremia, congenital or acquired immunode- 
ficiency syndrome, active malignant neoplasm, or cytotoxic 
chemotherapy. Malnutrition was defined by a serum albumin 
level less than 30 g/L at presentation without evidence of neph- 
rotic syndrome. Uremia was defined by a serum urea nitrogen 
concentration greater than 14.3 mmol/L at presentation. Com- 
plications were defined as untoward events that required treat- 
ment or prolonged hospital stay. 

Age, duration of symptoms before diagnosis, hemoglobin con- 
centration, white blood cell count, serum albumin level, serum 
urea nitrogen concentration, and body temperature at the time 
of admission or initial evaluation were recorded for all patients. 
Operative reports were reviewed; gross findings at celiotomy and 
type of operation were recorded. Length of hospital stay was 
determined from the date of initial diagnosis ofacute diverticulitis 
until the date of discharge. Length of hospital stay was not an- 
alyzed for patients who died. For patients treated with exogenous 
glucocorticoids, dosage was converted to milligrams of hydro- 
cortisone equivalents per day. Statistical comparisons were per- 
formed by means of (1) x? analysis for incidence of free perfo- 
ration, need for surgery, morbidity, and mortality and (2) analysis 
of variance for data regarding age, body temperature, hemoglo- 
bin concentration, white blood cell count, duration of symptoms, 
length of hospital stay, and glucocorticoid dose. 


RESULTS 
During the 5-year period, 209 patients were identified 
who met the criteria for a diagnosis of acute diverticulitis. 
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There were 93 men and 116 women; the age range was 26 
to 93 years (mean, 60.4 years). Forty immunocompro- 
mised patients (19%) were identified among the 209 pa- 
tients with diverticulitis (Table 1). No patient in this series 
had a congenital or acquired immunodeficiency syn- 
drome. 

Medical therapy alone was used for the treatment of 
acute diverticulitis in 67.5% (114/169) of nonimmunocom- 
promised patients and 42.5% (17/40) of immunocompro- 
mised patients (Table 2). Within this subset of medically 
treated patients, there were no statistically significant dif- 
ferences between immunocompromised and nonimmu- 
nocompromised patients for all factors and patient char- 
acteristics analyzed. 


Table 1.—Condition or Treatment Determining 
Immunocompromise in Medically and Surgically 
Treated Patients 


No. of Patients 
ey, 
Medical Surgical 
Therapy Therapy 


Condition/Treatment 


Exogenous steroid therapy 


Exogenous steroid therapy, 
malnutrition 


Exogenous steroid therapy, malignant 
neoplasm 


Exogenous steroid therapy, 
chemotherapy 


Exogenous steroid therapy, malignant 
neoplasm, chemotherapy 


Exogenous steroid therapy, malignant 
neoplasm, malnutrition 


Endogenous hypercortisolism 
Uremia 

Uremia, malnutrition 
Malnutrition 

Total 





Within the subset of surgically treated patients, hemo- 
globin concentrations were significantly lower among the 
immun 5compromised patients compared with the non- 
immun compromised patients (Table 2). Postoperative 
morbid:ty was significantly higher among immunocom- 
promised patients (65.2%) than nonimmunocompro- 
mised patients (23.6%). Also, postoperative mortality was 
significantly higher among immunocompromised pa- 
tients (39.1%) than nonimmunocompromised patients 
(1.8%). Nearly all deaths were related to sepsis. 

Of the 169 nonimmunocompromised patients, 55 
(32.5%) required an operation, whereas 23 of 40 immu- 
nocompromised patients (57.5%) required an operation 
(P<.05). Indications for operation included free perfora- 
tion into the peritoneal cavity, intra-abdominal abscess, 
large-bcwel obstruction, colovaginal or colovesical fistula, 
and fail ire of nonoperative therapy to resolve symptoms 
(Table 3). Overall, free perforation occurred more often in 
immunecompromised patients (17/40; 42.5%) than non- 
immunecompromised patients (24/169; 14.2%) (P<.05). 

The most common operation in each group was resec- 
tion witn colostomy and/or anastomosis (Table 4). The re- 
mainde- of surgical patients were treated by drainage of 
the involved colon alone or with proximal colostomy. 
There was no significant difference between immunocom- 
promised and nonimmunocompromised patients with re- 
gard to the type of procedure performed. 


COMMENT 


Diverticulosis of the colon is a common finding in hu- 
mans who live in developed countries. In large autopsy 
series, Civerticulosis is found in 37% to 45% of cases and 
in 5% to 45% of patients having barium enema 
examinetions.*’* The incidence increases with age, affect- 
ing at least 30% of patients over the age of 60 years. 14 Some 
investigators believe the prevalence to be 50% to 60% or 
greater by the eighth decade of life. 1°17 The incidence of 
diverticulitis among patients with diverticulosis has been 
studied Horner,’® who followed up 503 patients with ra- 
diologic evidence of diverticulosis, reported that diverti- 
culitis occurred in 10% of patients after 5 years of obser- 


Table 2.—Characteristics of Medically and Surgically Treated Patients* 


Medical Therapy 


Characteristic IC 
No. of patients 17 
Age, y 71+10 
Duration of symptoms, d 


Hemoglobin, g/L 134+20 


3.9+49 


White blood cells x 10°/L 
Body temperature, °C 
Hospital stay, d 

No. (%) of complications 
No. (%) of deaths 


Steroid dosage, mg of hydrocortisone equivalents/d 


*IC indicates immunocompromised. Values are mean + SD. 


14.8+3.7 
37.9+0.4 
G7 E37 
2 (11.8) 
E 6.9) 


60.8+57.2 
(n= 14) 


Surgical Therapy 


Non-IC IC Non-IC 
114 23 55 
59+14 64+12.9 59.1 14:7 
3.7243 5.0+5.9 3.9+4.9 
138+16 116+ 20 135217t 
13.7237 17.37.8 
37.8+0.4 37.8+0.5 
®.2+3.7 28.3 + 18.6 
1 (0.9) 15 (65.2) 
O (0) 9: (39:1) 


250.5 + 330.2 
(n=17) 


13.6+7.6 
37.9+0.5 
14.0+7.8 
13 (23.6)t 
1 (1.8)t 





tSignificant difference (P<.05) from value for immunocompromised patients. 
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vation, 25% after 10 years, and greater than 35% after 20 
years. Boles and Jordan?’ observed 294 patients with di- 
verticulosis for an average of 15 years; diverticulitis de- 
veloped in 25% of their patients. Zollinger” estimated that 
approximately 20% of patients with diverticulitis eventu- 
ally require surgicalintervention. Rodkey and Welch?" re- 
viewed their experience with diverticulitis during a 20- 
year period. They identified 3624 cases of diverticulitis 
(0.7% of total admissions) and found 688 patients (17.7%) 
who required operations. Thus, the surgeon frequently 
treats patients with this condition. 

Sterioff and coworkers” reported on 10 patients receiv- 
ing systemic glucocorticoid therapy who sustained acute 
colonic perforation. Eight of their patients had perforated 
sigmoid diverticula, and the mortality in their series was 
70%. ReMine and Mcllrath® described 79 steroid-treated 
patients who developed bowel perforation. Of patients 
receiving long-termglucocorticoid therapy, the site of per- 
foration was the colon in 58%. ReMine and McIlrath found 
a correlation between steroid dosage and mortality; the 
mortality was 77% in patients receiving greater than 20 mg 
of prednisone equivalents per day (100 mg of hydrocorti- 
sone equivalents per day). They also found a significant 
delay in diagnosis in patients treated with greater than 
20 mg of prednisone equivalents per day. Although their 
series included many patients with extracolonic sites of 
perforation, their report emphasized the high mortality in 
steroid-treated patients with bowel perforation. 

Perkins and coworkers?” described 10 immunocompro- 
mised (steroid-treated) patients and 76 nonimmunocom- 
promised patients with acute diverticulitis. Operations 
were performed in 41% of nonimmunocompromised pa- 
tients and 100% of immunocompromised patients. Only 


Table 3.— Indications for Operation 


No. of Patients 
g e _ aaa ees 
Immuno- 
compromised 


Nonimmuno- 
Indication compromised 
Perforation 

Abscess 

Fistulas 

Obstruction 

Failure of medical therapy 


Total 


No. of Patients 


Nonimmuno- 
compromised 


Immuno- 
Operation compromised 


Resection, colostomy 


Resection, anastomosis 


Resection, colostomy 
anastomosis 


Drainage alone 
Drainage, colostomy 
Total 
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one immunocompromised patient died. Starnes et al” de- 
scribed 25 patients with renal failure (12 patients had renal 
allografts) who had operations for complicated diverticu- 
litis. Overall mortality was 28%. They found that death 
correlated with age, but not with the type of operation 
performed, dose of prednisone or azathioprine adminis- 
tered, or type of renal failure treatment used. 

The occurrence of colonic complications in both heart 
and kidney transplant recipients has been reported by nu- 
merous investigators.”**° Although these patients have a 
variety of underlying diseases, a common characteristic is 
treatment with immunosuppressive agents. The associ- 
ation of glucocorticoid treatment with intestinal perfora- 
tion has long been recognized, although the pathophys- 
iologic mechanism has not been completely elucidated. 
Although immunosuppressive drugs may cause gas- 
trointestinal tract abnormality, there are no clear epide- 
miologic data to confirm that these patients are at in- 
creased risk for gastrointestinal tract disease. However, it 
appears that there may be an increased risk of complica- 
tions in the immunocompromised patient who sustains 
gastrointestinal tract disease, and it was the purpose of 
this review to compare the outcome of acute diverticulitis 
in immunocompromised patients and nonimmunocom- 
promised patients. 

The retrospective nature of our analysis is a potential 
pitfall in this study. The definition ofimmunocompromise 
was based on risk factors associated with immune dys- 
function (exogenous glucocorticoid treatment, endoge- 
nous hypercortisolism, malnutrition, uremia, congenital 
or acquired immunodeficiency, active malignant neo- 
plasm, or cytotoxic chemotherapy), rather than on direct 
tests of immune function. Patients with risk factors may 
not have been immunocompromised with regard to mea- 
surable B-cell, T-cell, or phagocytic cell dysfunction. Like- 
wise, the timing and choice of treatment were not con- 
trolled. As a result, the outcomes we report in this 
retrospective review may not accurately represent the out- 
come of patients treated in a prospective, controlled trial. 

Nevertheless, our review shows that immunocompro- 
mised patients with acute diverticulitis have a more com- 
plicated course manifested by the higher rate of free per- 
foration, need for surgery, morbidity, and mortality 
compared with nonimmunocompromised patients. We 
believe that the impaired inflammatory response of the 
immunocompromised patient confers an inability to “wall 
off” the disease process; the risk of perforation and need 
for surgery is subsequently increased. We were unable to 
define any factors that might improve the morbidity or 
mortality of immunocompromised patients. Certainly, 
early recognition of the problem, prompt diagnosis, and 
expeditious treatment should be followed by the most fa- 
vorable outcome for these patients. The findings of this 
review should alert surgeons to the potential for signifi- 
cant complications and poor outcome in the surgical treat- 
ment of immunocompromised patients with acute diver- 
ticulitis. 
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Discussion 

Rosert J. FREEARK, MD, Maywood, Ill: Most of us would agree 
that this paper and perhaps another one later in the program from 
Chicago reflect a changing picture of the acute abdomen, espe- 
cially in the setting of a tertiary care hospital. We, too, have seen 
several changes in the behavior of acute diverticulitis as an entity. 
It seems its occurrence in a younger age group (40s and 50s) is 
increasingly apparent. As pointed out by the authors, it very 
frequently presents with free perforation rather than the walled- 
off abscess that we usually associate with this entity, and because 
many patients are sicker and older, the morbidity and mortality 
are increased. 

First, I thought it is possible that the lack of difference in the 
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medical'y treated immunocompromised patients and the non- 
compromised group might be the result of errors in diagnosis. 
If you do not operate on a patient suspected of having acute di- 
verticulitis, obviously you do not have as firm a diagnosis as if 
you do eperate. Because there are so many other conditions that 
mimic diverticulitis, I am not sure that you can conclude that the 
medicalmanagement of the one is necessarily equal to the other. 

Acute diverticulitis as a complication after coronary bypass is 
common. We have noted that free air in the abdomen after cardiac 
surgery is now more frequently diverticulitis than perforated 
peptic ulcer. In fact, it is second only to acute cholecystitis as a 
cause ef the acute abdomen in the postoperative patient. Have 
the authors noticed any trends in similar groups that are not im- 
munocampromised? 

Finally, I wondered if the authors found any evidence that a 
delay indiagnosis or treatment of the immunocompromised pa- 
tient made any difference in the management. It is conceivable 
that onewould be less likely to take sucha patient to the operating 
room because of his or her immunocompromised status. Most of 
us would agree that it is a reason to operate sooner rather than 
later, but I wonder if the authors were able to look at those data. 

L. Beaty PEMBERTON, MD, Kansas City, Mo: I agree that acute 
diverticulitis is a complicated problem and that patients who have 
high bicod levels of corticosteroids or chemotherapy are more 
difficultto diagnose and more difficult to treat than patients who 
do not have these immunocompromising drugs. Although I 
share the authors’ bias, the main problem with this study is that, 
due to patient selection, it does not prove that immunocompro- 
mised patients have higher morbidity and mortality. Let’s see if 
I can substantiate that claim. 

First, this study was retrospective, and the authors simply do 
not have the data to prove immunocompromise in these patients. 
They had no tests that separated the immunocompromised from 
the immunocompetent patient. Second, the tests of a serum urea 
nitroger level greater than 14.3 mmol/L and an albumin level less 
than 30 g/L simply do not measure the immune system. There 
are mary reasons why a patient who is sick with acute diverti- 
culitis may have an increased serum urea nitrogen level, not the 
least of which might be the laboratory. This does not measure the 
immune system. Similarly, an albumin level of less than 30 g/L 
is only cne test in assessing malnutrition of either a moderate or 
severe amount. Since albumin is a visceral protein, this test usu- 
ally sugzests when we correlate it with some other tests that we 
may have moderate or mild kwashiorkor. This may correlate with 
immunecompromise in the patient, and the serum albumin level 
is not a measure of the immune system. 

Finally, if you look at patients like this who have significant 
malnutrition, this fact alone might account for the results in the 
40 seleced patients of the 209 patients who these authors re- 
viewed. I would like to ask one question: If the immunocom- 
promise does not explain the findings, what does account for the 
marked differences that the authors found between these two 
groups of patients with acute diverticulitis? 

RAYMOND M. KELTNER, Jr, MD, St Louis, Mo: We have all seen 
free per‘orations of the colon, both right and left sides, with ste- 
roid therapy. I wonder if the authors are not looking at the co- 
existenc@ of two diseases, diverticulitis or diverticular disease 
that is mot necessarily inflamed and also the presence of steroid 
therapy? I have a small series of patients who have been treated 
with computed tomography-directed drainage of intramesen- 
teric abscesses followed by resection that has been very helpful. 

Cuartes E. Lucas, MD, Detroit, Mich: Independent of whether 
the patient was categorized as immunocompetent or nonimmu- 
nocompetent, could the authors give us some guidance based on 
their 78 patients undergoing emergency operation as to when we 
should opt to do what surgical procedure? 

GiLBeET HERMANN, MD, Denver, Colo: Two or 3 years ago my 
partner, John S. Simon, anew member, and I published an article 
regardimg intra-abdominal surgery on another group of immu- 
nosuppressed patients, namely, those receiving long-term renal 
dialysis We found in the elective surgery group that the results 
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were similar to those of patients who were not immunosup- 
pressed. However, im emergency surgery we had the same di- 
sastrous results as have been reported with the worst group of 
those being patients with acute diverticulitis. Our results would 
agree with those discussed today. 

Because, at least in our cases, the elective surgery morbidity 
and mortality were the same as those in normal subjects whereas 
in the acute situation ‘they were much greater, maybe we ought 
to rethink our indications for operating on patients with diver- 
ticulitis. Perhaps we eught to be more aggressive and suggest 
surgery after the first attack instead of waiting until the patient 
has two ar three, as 6 commonly practiced today. How many 
attacks of diverticulitis did these patients have before they came 
into this emergency setting when the morbidity and mortality 
were so high? 

Ronan G. Latimer, MD, Santa Barbara, Calif: Perhaps the dif- 
ference inthe hemoglebin level noted between the immunocom- 
promised and nonimmunocompromised patients may be ex- 
plained by the presence os the uremic patients who were anemic. 
As we getolder patients who are undergoing hemodialysis, they 
have diverticular disease. What do the authors recommend as the 
treatment of choice fer those patients, and what preoperative 
measures do they use to treat these patients before the operation? 

Dr Joer: Dr Freeark, some of the medically treated patients 
may not have had diverticulitis because we did not havea surgical 
specimen to confirm the diagnosis of acute diverticulitis. How- 
ever, we defined the disease on the basis of generally accepted 
criteria for making a clinical diagnosis of acute diverticulitis. Con- 
cerning the population of patients whom we now treat after other 
complicated procedures, particularly cardiopulmonary bypass, 
there was one patient who developed acute diverticulitis after an 
open heart procedure. That patient was nonimmunocompro- 
mised and had a favorable outcome after resection and end co- 
lostomy. Regarding a celay in diagnosis, to our pleasant surprise, 


we did not find that to be the case; the Surgical Service was no- 
tified within a day or two of each patient’s presentation to the 
hospital. 

Dr Pemberton, your critical comments are appropriate. In this 
retrospective study, we did not perform tests of immune function 
and, therefore, cannot specifically address immune function in 
these patients. Whether or not prospectively identified immu- 
nocompromised patients would have a different outcome awaits 
a prospective trial that includes a vigorous assessment of immune 
function and clinical outcome. 

Dr Keltner, all pathologic specimens were reported to dem- 
onstrate acute diverticulitis. A few patients were thought to have 
steroid-associated perforation due to a viral cause, such as cy- 
tomegalovirus. However, our pathologists did not find inclusion 
bodies in adjacent colonic mucosa in these patients. As a result, 
acute diverticulitis was the prevalent diagnosis. 

Dr Lucas, the best treatment for perforated diverticulitis is re- 
section and end sigmoid colostomy. We have attempted percu- 
taneous drainage of walled-off diverticular abscesses in selected 
patients. The outcome in these patients has not been as favorable 
as has beenreported in the literature. Occasionally, percutaneous 
drainage is successful and we are able to perform an elective re- 
section with primary anastomosis. 

Dr Hermann, in the nonimmunocompromised group, a large 
percentage of patients were treated on a more elective basis, 
whereas more immunocompromised patients were treated emer- 
gently. We had two patients who were uremic in this study, and 
they did not account for the decreased hemoglobin level in the 
entire immunocompromised group. 

Finally, in a prospective trial when tests of immune function 
are performed and appropriate treatment instituted, a more fa- 
vorable outcome may potentially be realized in this complicated 
group of patients. 
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Bad News: Delivery, Dialogue, and Dilemmas 
Timothy E. Quill, MD, Penelope Townsend, RN, BSN 


The narrative from a real patient encounter is used to illustrate the powerful effect 
that delivering bad news can have on both patient and physician. The meaning of bad 
news to the patient may be quite different than the medical or the personal meaning 
to the physician. Differences in perception must be explored and understood before 
the common ground necessary for joint decision making is established. Initial patient 
responses can be divided into three categories: (1) basic psychophysiologic (fight-flight 
or conservation-withdrawal), (2) cognitive, and (3) affective. Responses vary consid- 
erably depending on the meaning of the diagnosis to the patient, the degree of im- 
mediate threat, and the patient’s previous experience with illness. Desired outcomes 
of the initial meeting include (1) minimizing aloneness and isolation for both patient 
anc physician; (2) achieving a common perception of the problem; (3) giving infor- 
mation tailored to the immediate needs of the patient; (4) addressing immediate med- 
ical needs, including the risk of suicide; (5) responding to immediate discomforts; and 
(6) ensuring a basic plan for follow-up. Though all clinicians deliver bad news, few 
nave had formal training or open exploration of the profound potential impact of the 
experience. (Arch Intern Med. 1991;151:463-468). 
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A Growing Spectrum of Surgical Disease in Patients 
With Human Immunodeficiency Virus/ 
Acquired Immunodeficiency Syndrome 


Experience With 120 Major Cases 


Nancy A. Diettrich, MD; John C. Cacioppo, MD; Gerald Kaplan, MD; Steven M. Cohen, MD 


è One hundred twenty major general surgical procedures 
were performed on 88 adult patients harboring the human 
immunodeficiency virus. Fifty-eight (48%) of the procedures 
were performed on patients who fulfilled the criteria for 
acquired immunodeficiency syndrome. The patients were 
predominantly male (94%). Single risk factors included ho- 
mosexuality (73% of cases), intravenous drug abuse (8%), 
and previous blood transfusions (8%). Four patients (5%) 
had multiple risk factors; risk factors were denied by seven 
patients (8%). The mean age at surgery was 41.6 years 
(range, 22 to 67 years). Surgical conditions that rarely affect 
the population without the human immunodeficiency virus 
presented diagnostic challenges. Altered physiologic re- 
sponses to even routine conditions were observed. Thirty- 
day morbidity rates for emergency (group A) and elective 
(group B) procedures were 19% and 9%, respectively. This 
included seven surgical deaths (13%) in group A and one in 
group B (2%). Patients undergoing 92 of 112 procedures 
(82%) not associated with surgical mortality were followed 
up. Patients who were dead at follow-up had mean 
procedure-survivals of 19 weeks (group A) and 21 weeks 
(group B) for 33 procedures. Those who remained alive had 
a mean procedure-survival of 86 weeks for 59 procedures. 
No single prognosticator could be correlated with outcome, 
although the combination of hypoalbuminemia with a his- 
tory of opportunistic infection(s) was associated with short 
survival. Emergency and elective procedures can be per- 
formed in the patient with human immunodeficiency virus/ 
acquired immunodeficiency syndrome with acceptable 
morbidity and mortality. Procedures are indicated to extend 
patient life or to improve quality of life. 
(Arch Surg. 1991;126:860-866) 
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B y various estimates, 1 to 1.5 million adults in the 

Urited States currently harbor the human immuno- 
deficiency virus (HIV).* It is expected that the majority of 
these will eventually develop the acquired immunodefi- 
ciency syndrome (AIDS). The majority of patients are 
younger than 50 years and survival after infection appears 
to extend for years. It is reasonable to expect that many 
of the patients will present to surgeons with surgically 
correctable abnormalities. These conditions may even 
pose an immediate threat to the individual's life. Other 
conditions, although not acutely life-threatening, will be 
amenable to surgical treatment to improve the quality of 
remairing life. Most of these procedures would present 
minimal risk for patients without HIV. Finally, new con- 
ditions may be encountered that are related directly to HIV 
infectien and/or its pharmacologic treatment. 

We undertook the current study to determine the types 
of major surgical procedures that general surgeons are 
called on to perform on patients with HIV/AIDS. We 
sought to identify factors, if any, that would support an 
aggressive approach, as well as those prognosticators that 
might portend relative hopelessness. Emphasis was 
placed on the opportunity for the surgeon to provide, im- 
prove, or extend productivity and quality of life. As the 
distribution of infected patients continues to spread, all 
surgeons will eventually be faced with these consider- 
ations. Data will be needed on which to weigh options and 
base surgical treatment decisions. 


PATIENTS AND METHODS 

Human immunodeficiency virus infection and AIDS are not 
consistently reported as discharge or death diagnoses. We made 
extensive efforts to identify as many patients as possible. Office 
and operating room records were searched, as were collections 
of pathologic reports. Private physicians provided data on pa- 
tients who met the criteria for the study. Testing for HIV was 
never aprerequisite for surgery. All the patients were treated on 
general surgical services of teaching community hospitals, by or 
under -he direct supervision of board-certified attending sur- 
geons. All identified adult patients undergoing the procedures 
included are reported here. 

The zecords of identified patients were thoroughly reviewed. 
The patients’ HIV status was verified with Western blot analysis. 
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The diagnosis of AIDS was based on the current criteria of the 
Centers for Disease Control (CDC).” Patients undergoing diag- 
nostic biopsies (lymph nede, skin, or lung) as well as those un- 
dergoing endoscopic procedures were excluded from this study. 
Patients requiring central venous access and those operated on 
by subspecialty services were also excluded. 

The included procedures were divided into two groups: those 
performed on an emergency or urgent basis (group A) and those 
performed electively (group B). Data pertaining to demographics, 
known risk factors, duration and stage of disease, laboratory data 
(eg, leukocyte count, tetal lymphocyte count, and serum albumin 
level), history of opportunistic infections, current history and phys- 
ical examination, surgieal diagnoses and procedures, perioperative 
courses, outcome, and term of survival were recorded. Follow-up 
of all patients was attempted. Cause of death was defined as surgical 
if it occurred within 30 days of operation. 


RESULTS 
There were 83 men (94.3%) and five women (5.7%) with 
an average age of 41.6 years (range, 22 to 67 years) at the 
time of surgery. Recognized risk factors were acknowl- 
edged by 82 (93.2%)patients and are summarized in in the 
tabulation below. | 


Acknowledged risk factors No. (%) 
1. Homosexual/bisexual contacts 64 (73) 
2. Intravenous drug abuse 7 (8) 
3. Blood or blood product transfusion 7 (8) 
4,1+2 3 (3) 
5.2+3 1 (1) 
6. Undetermimec 6 (7) 


One hundred twenty major procedures performed on 
these patients between January 1, 1986, and September 30, 
1990, make up the basis for this report (Table 1). Fifty-eight 
(48.3%) procedures were performed on patients who met 
the current CDC criteria for the diagnosis of AIDS. 
Follow-up was verified for 102 (85%) of the procedures. 

Findings at emergency surgery (group A) verified pre- 
operative diagnoses of traumatic rectosigmoid perfora- 
tion, a shattered spleen, acute cholecystitis, and acute ap- 
pendicitis. Etiologic features of intra-abdominal sepsis 
rarely seen in the noninfected patient were occasionally 
diagnosed at laparotomy. These included multiple per- 
forations due to cytomegalovirus enteritis, mesenteric 
lymphadenitis supprativum (atypical Mycobacterium), and 
patients with primary peritonitis. Anorectal conditions 
consisted of necrosis, cellulitis, and/or abscess formation. 

Elective procedures (group B) were performed for in- 
dications that mirror those in the noninfected population. 
Postoperative diagnoses did not differ from preoperative 
diagnoses in this group. 

Surgical morbidity and mortality are depicted in Table 
2. Table 3 describes long-term outcome at follow-up. 

Follow-up was performed on 92 of the 112 procedures 
(82%) not associated with surgical mortality. Patients who 
were dead at follow-up had an mean procedure-survivals 
of 19 weeks (group A) and 21 weeks (group B) for 33 pro- 
cedures. Those who remained alive had a mean 
procedure-survival of 86 weeks for 59 procedures. 

The presence of known Kaposi's sarcoma (visceral or 
cutaneous) at the time of surgery did not differ between 
groups (group A, 22.2% and group B, 17.4%). Approxi- 
mately half of the patients had a history of opportunistic 
infections (group A, 52.6%, and group B, 47.2%). Neither 
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Table 1.—Procedures Performed on Patients With Human 
immunodeficiency Virus (HIV)/Acquired 
Immunodeficiency Syndrome (AIDS) 


































Emergency 


Appendectomy 4 2 
Biliary tract procedures 2 4 
Splenectomy 2 
Colostomy 1 
Meckel’s diverticulectomy 1 ais 
Exploratory laparotomy 2 6 
Tracheostomy Sais 7 
Major débridement 4 4 
Amputation 3 
LaVeen shunt Esh 1 
Perianal procedures 1 6 
Permanent dialysis access 4 


Total 


Elective 
Splenectomy 









Permanent dialysis access 
Herniorrhaphy 


Perianal procedures 


wW w= A O 


Thoracotomy 
Intestinal bypass 
Amputation 


NNU = A OU N 


Cholecystectomy 
Parotidectomy ae 2 
Gastroesophagectomy 1 
Mastectomy 1 
Exploratory laparotomy 2 
Scrota! exploration 1 
Colocolostomy hel 1 
Gastrostomy tube ey 1 
Peritoneal catheter T 1 
Parathyroidectomy 1 
Hydracelectomy 
Total 


was predictive of outcome. Leukocytosis and/or fever in 
response to an infectious process was not consistent and 
did not correlate with outcome. Risk factor, cell counts, 
stage of immune disease, and pharmacologic treatment 
failed to correlate with outcome. Serum albumin levels av- 
eraged 32 g/L in uncomplicated procedures and 28 g/L in 
those with postoperative morbidity. Of the 30 procedures 
performed in patients with serum albumin levels less than 
25 g/L, a history of opportunistic infection(s), and known 
follow-up, only patients undergoing six (20%) currently 
survive. The mean survival time in this group was 8.2 
months. Patients undergoing the remaining 24 procedures 
(80%) died an average of 3.1 months after surgery. Of 70 
procedures performed in the absence of this prognostic 
combination, patients undergoing 53 (76%) survived an 
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Exploratory laparotomy 








Parotidectomy 





Table 2.—Surgical Morbidity and Mortality for Procedures Performed on Patients With Human 
Immunodeficiency Virus (HIV)/Acquired Immunodeficiency Syndrome (AIDS) 


Complication (No. of Days After Surgery) 


Arteriovenous fistula Subclavian vein thrombosis (6) Alive, 35 mo 
HIV Appendectomy Myocardial infarctien (17) Alive, 35 mo 
HIV Amputation Nonhealing Unavailable 
AIDS Tracheostomy Pneumothorax (16) Dead, 4 wk 
AIDS Cholecystectomy Pneumonia (Pseudcmonas) (4) Dead, 2 wk 
AIDS Perianal Respiratory failure (19) Dead, 4 wk 
AIDS LaVeen shunt Continued sepsis Dead, 2 wk 
AIDS Tracheostomy Continued sepsis Dead, 5d 
AIDS Exploratory laparotomy Continued sepsis Dead, 1 d 


Continued sepsis 


Cholecystectomy Prolonged ileus (7) Alive, 3 mo 
HIV Arteriovenous fistula Subclavian vein thrembosis (4) Alive, 26 mo 
HIV Herniorrhaphy Persistent fever (1-4 Alive, 20 mo 
HIV Gastrojejunostomy Delayed function (21) Dead, 6 mo 
HIV Amputation Wound infection Unavailable 


(Pseudomonas ard Streptococcus faecalis) (9) 


Pneumonia (Pneumocystis carinii) (15) 










Outcome, time 















Dead, 2 d 













Dead, 4 wk 








Table 3.—Follow-up of General Surgical Procedures Performed on Patients With Human 
Immunodeficiency Virus/Acquired Immunode‘iciency Syndrome (AIDS) 


Surgical Survivors 


rM 


Surgical 
Mortality, 
No. (%) 


No. of 
Procedures 


No. of 


Group Procedures 


average of 44 months. The remaining 17 (24%) procedures 
led to a mean survival time of 9.6 months. 


COMMENT 

As oncology advanced as a field, patients with malig- 
nant conditions were afforded chances for a period of sur- 
vival or even cure. Surgeons were then faced with various 
dilemmas. The best approach to surgical conditions un- 
related to the underlying malignant conditions, the spe- 
cific complications of chemotherapeutic agents, the al- 
tered presentations of familiar problems, and the 
confusing picture of new problems had to be clarified. Sur- 
geons are now familiar with the answers to these ques- 
tions, and the surgical care of the patient with cancer has 
become part of the accepted routine. The same aspects 
must now be addressed for the patient with HIV/AIDS. 

Several studies have discussed specific procedures in 
the patient with AIDS. There is general agreement that 
tracheostomy no longer has a role for the patient with 
AIDS; it may lead to overwhelming sepsis, and cannot 
reverse or slow the pulmonary process once the stage of 
prolonged ventilator dependence is reached.** The role of 
splenectomy in AIDS-associated idiopathic thrombocy- 
topenic purpura is evolving.*” The advantage of early di- 
agnostic bronchoscopy or open-lung biopsy vs empiric an- 
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Follow-up, 
No. (%) 


45 (80) 
52 (80) 





Alive 
ae, 


Mean 
Survival, wk 


AIDS Mortality 


Mean 


No. (%) Survival, wk 
14 (35) 


19 (37) 


No. (%) 


26 (65) 
33 (63) 


tibiotic treatment for pneumonitis is being defined for 
immunosuppressed patients of all types.?®? Anorectal 
complaints are common in homosexual populations, and 
data from some reports temper enthusiasm for surgical 
treatment in the patient with HIV/AIDS because of the 
significant morbidity of such procedures.**° As experi- 
ence grows, conclusions drawn for the role of one pro- 
cedure in the population with HIV/AIDS may or may not 
apply to other procedures. In fact, indications for surgical 
intervention may differ depending on the stage of indi- 
vidual patients’ diseases. It seems reasonable to expect 
various prognosticators to become evident as experience 
with surgical procedures in the patient with HIV/AIDS 
grows. 

Reviews of individual institutions’ experiences with 
groups of surgical procedures in the patient with HIV/ 
AIDS have recently begun appearing in the literature. 
Many include diagnostic procedures, central venous ac- 
cess, and subspecialty procedures,?™* 1*1? while others re- 
port limited experience with major general surgical 
cases.'~'® To our knowledge, our review is the largest col- 
lection of major general surgical procedures in the pop- 
ulation with HIV/AIDS reported to date. 

Conditions requiring emergency or urgent surgical in- 
tervention (group A) present a more acute threat to the 
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patient’s life than does any underlying chronic immune 
incompetence. As expected with a patient with immuno- 
suppression of any cause, signs and symptoms of infection 
or obstruction may be altered or absent.*1° Leukocyte 
count, although never 100% diagnostic, may be of less 
value in patients with HIV/AIDS. In the current study, 
leukocyte counts ranged from 3.1 x 10°/L to 16.5 x 10°/Lin 
patients with acute appendicitis, 4.7 x 10°/L to 12.3 x 10°/L 
in patients with acute cholecystitis, and 2.2 x 10°/L to 
11.9 x 10°/L in patients with bowel perforations. Differen- 
tial counts were normal in approximately 60% of these 
cases. The patient with a ruptured spleen presented with 
aleukocyte count of 5.3 x 10°/L, although this entity is clas- 
sically accompanied by marked leukocytosis. Although 
anecdotal at present, we expect to see such a dilemma 
recur in future cases. 

The patient’s HIV status was not always known at the 
time of the emergency (group A) procedures. Until routine 
rapid and reliable testing is immediately available in all 
institutions, physicians will continue to make surgical di- 
agnoses and treatment decisions without benefit of im- 
munologic diagnosis for many patients requiring emer- 
gency or urgent operation. All patients should be 
questioned regarding their possible exposure to recog- 
nized risk factors for HIV infection during evaluation of 
acute abdominal pain. If risk factors are acknowledged or 
suspected, we consider the patient as potentially infected, 
recognizing that the severity of findings may not correlate 
with the presence or stage of surgical disease. A high index 
of suspicion is mandatory. 

Although most patients suffer from common maladies, 
the surgeon should be prepared for perplexing new prob- 
lems. Acalculous cholecystitis in patients with AIDS has 
been reported.'”’” Infectious colonic perforations associ- 
ated with cytomegalovirus, previously recognized in im- 
munologically compromised patients, are now recognized 
in the population with HIV/AIDS .1%19-15:18:19 Kaposi's sar- 
coma has been the underlying cause of gastrointestinal 
hemorrhage” and ebstruction of the cystic’? or common 
bile duct.“ One of our patients presented with a large, 
symptomatic Kaposi's sarcoma of the parotid gland while 
another such lesion originated in the trachea and caused 
sudden respiratory distress. A large retroperitoneal and 
intra-abdominal mass was secondary to massive lymphad- 
enitis supprativum due to Mycobacterium aviumintra- 
cellulare. 

Generally, experience with emergency abdominal pro- 
cedures in the patient with HIV/AIDS has been discour- 
aging, with morbidity rates approaching 100%, and mor- 
tality rates of 60% to 70%.'~'? Wound infections and a 
distressingly high rate of dehiscence (26%) are reported in 
the literature for emergency abdominal procedures. If only 
procedures for diseases associated with intra-abdominal 
sepsis are considered, the combined rate of dehiscence in 
these series is 31.2%.-*'*"*° Hypoalbuminemia, espe- 
cially when associated with malignancy, mandates rein- 
forced closures. Retention sutures were placed according 
to standard surgical teaching. It seems reasonable to con- 
sider patients with HIV/AIDS in the same category as any 
other group of patients with chronic, debilitating disease; 
we favor aggressive use of retention suture techniques in 
patients with HIV/AIDS. Skin closure was delayed only in 
cases of contamination. No wound infections or dehis- 
cences occurred when this policy was followed. 
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The indications and spectrum of elective procedures 
(group B) reflect those seen in general surgical practices 
and were similar to those seen in noninfected patients. 
Elective procedures were not performed in patients sub- 
jectively believed to be in terminal stages of disease (eg, 
bedridden or comatose). With rare exception, the patient's 
HIV status was known before surgery. As a rule, no spe- 
cific alteration in routine surgical care occurred. Active in- 
fections were treated with specific antimicrobial agents. 

The most common procedure in group B was splenec- 
tomy for AIDS-related idiopathic thrombocytopenic pur- 
pura. Growing experience has led to multiple reports of 
such applicability.*” No morbidity or mortality occurred 
after surgery. Resolution of left upper quadrant pain and 
increased platelet counts were documented in the patients 
who were contacted for follow-up. Dialysis access was ac- 
complished with minimal complication. In six patients, 
tracheostomy extended the period of survival; however, 
none of the patients left the hospital. 

As surgical experience in patients with HIV/AIDS 
grows, prognostic factors may become evident that will 
facilitate decisions regarding benefits of surgery and its 
expected outcomes in various clinical situations. A report 
of patients undergoing bronchoscopy demonstrated that 
PO, and alveolar-arterial PO, differs between survivors 
and nonsurvivors while age, intravenous drug abuse, oral 
candidiasis, temperature, hemoglobin level, lymphocyte 
count, cholesterol level, albumin level, and serum urea 
nitrogen/creatinine ratio do not.” In a study with aggres- 
sive gastrointestinal endoscopic examinations, the pres- 
ence of visceral Kaposi's sarcoma was predictive of poor 
overall prognosis. '~** Preoperative leukocyte counts were 
significantly higher in patients whose wounds were 
healed 1 month after anorectal procedures than in those 
with slower healing. There was no apparent correlation 
between stage of immune disease (AIDS vs “pre-AIDS”) 
and outcome in the group. A history of hepatitis, rectal 
gonorrhea, syphilis, Herpes simplex, condyloma acumi- 
nata, oral candidiasis, amebiasis, Herpes zoster, or giar- 
diasis is now considered by some a relative contraindi- 
cation to surgical therapy for anorectal disease.” 
Microscopic examination of lymph node tissues in patients 
followed up with serial biopsies demonstrates a spectrum 
of histologic patterns. A progressive destruction of lym- 
phatic follicles occurs; follicular involution or lymphocyte 
depletion correlates with a shorter patient survival than 
does explosive follicular hyperplasia.” A staging system 
for patients with AIDS has been proposed based on phys- 
iologic deficiencies. Median and 1-year survival rates cor- 
relate with number of deficiencies present.” 

The present study failed to identify any single preop- 
erative factor that significantly correlated with prognosis. 
The duration of immunodeficiency could not be deter- 
mined reliably, and interval HIV titers were not followed 
up, although one or both of these may be of use if available. 
The combination of preoperative hypoalbuminemia (2.5 
g/L) and opportunistic infection correlated with a de- 
creased survival rate. This information, if substantiated in 
future groups of patients, may be applicable to discussions 
regarding potential value and outcome of surgical inter- 
ventions. 

With rare exception, complications in these patients 
were similar to those encountered in the noninfected pop- 
ulation. Others have found that positive HIV status does 
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not influence development of postoperative wound infec- 
tion in patients in whom the disease has not progressed 
to AIDS.*° Of interest in the current study are prolonged, 
persistent, and unexplained low-grade fevers in occa- 
sional patients after surgery. The patients had no iden- 
tifiable source of sepsis. They defervesced on the fourth 
day without treatment. The observation of unexplained 
postoperative fevers in patients with HIV/AIDS has been 
mentioned in the literature. The mechanism is uncertain, 
and it does not appear to require treatment. As experience 
grows, such unexplained postoperative fevers may occa- 
sionally be recognized as the first symptom of undiag- 
nosed HIV infection. 

Quality-of-life issues are difficult to measure. Certainly 
emergency procedures in this series “improved and pro- 
longed life” by virtue of correcting acute and life- 
threatening conditions in otherwise active patients. In 
group A survivors, the patients’ postoperative status mir- 
rored their conditions before the onset of a surgical dis- 
ease. These patients generally returned to work. Similarly, 
a large percentage of procedures performed electively 
(group B) were associated with improved quality of life. 
This mirrors the experience in the noninfected population. 
Procedures contributed to obliteration of symptoms 
and/or improved quality of life. Some specifically length- 
ened life span. Those patients undergoing splenectomy 
who were contacted reported decreased pain and im- 
proved postoperative blood counts, improving and prob- 
ably extending life. We agree with others that splenectomy 
may extend life by facilitating tolerance to drugs used to 
treat other HIV-related complications. Anorectal proce- 
dures were often followed up by chronicity and recurrent 
complaints, although the new complaints might very well 
stem from new conditions. 

With the singular exception of tracheostomy, all proce- 
dures seemed to provide comfort or prolongation of high- 
quality life as defined by the patient. This feeling was not 
always shared by family members. For example, patients 
requiring hemodialysis presumably judged this alternative 
preferable to uremia and death. The majority of dialysis ac- 
cess procedures in this series were performed in patients 
already on hemodialysis schedules. They requested func- 
tioning grafts with full knowledge of the restrictions placed 
on their lives by hemodialysis treatments. Next of kin be- 
lieved this procedure was prolongation of “undesirable” life 
for patients who were dead at follow-up. 

The array of surgical diagnoses in patients with HIV/ 
AIDS is wide and not always straightforward. As treat- 
ment options for the immunologic effects of HIV infection 
are refined, patients will survive longer and surgeons will 
more frequently become involved with these patients. 
Any desire to avoid emergency surgical intervention in 
acutely ill patients with HIV/AIDS based on a perception 
of inevitable postoperative deterioration and ultimate de- 
mise is not warranted. Likewise, elective procedures can 
be performed with minimal risk to the patient and a high 
degree of patient satisfaction. The combination of hypoal- 
buminemia with a history of opportunistic infection was 
predictive of shortened survival in this series. 
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Discussion 

MrrcHeLL P. Byrne, MD, Evanston, Ill: This series suggests a 
minor note of early optimism for the group of patients whose 
long-term prognosis is ultimately terminal. We are given impor- 
tant prognostic indicators that if these patients have an albumin 
level above 25 g/L opportunistic infections, we can expect a rea- 
sonably good outcome with only a 20% mortality rate. If these 
patients have the combination of low albumin levels and oppor- 
tunistic infections, they only have a 20% survival rate. 

Since the survival of HIV patients with such drugs as zidovu- 
dine may be increasing, it can be anticipated that most surgeons 
will be faced with operating on these patients. Dr Diettrich and 
her coauthors have given us some important guidelines on whom 
to operate on but I wonder about techniques. 

What techniques do you recommend when operating on HIV 
patients regarding eye protection and needle stick precautions? 
Do you avoid scalpel dissection, substituting cautery? Do you use 
a sharp table for double passing of these type of instruments? Do 
you avoid local anesthesia of such patients for the more minor 
procedures? 

Since we will be operating on more of these HIV patients, what 
do you recommend when there is a needle stick? Are you using 
zidovudine to try to reduce the estimated 1 in 200 seroconversion 
rate that is currently being reported? Have you dealt with any 
HIV-positive surgeons and have you dealt with any criteria for 
type of procedure that these surgeons should or should not per- 
form? 

KENNETH J. Printen, MD, Evanston: Due to the difficulty in get- 
ting AIDS testing we have to rely on the history of the people who 
are desperate when they present in the emergency department 
as well as of those undergoing elective treatments. Dr Diettrich 
do you have any experience with the validity of the medical his- 
tory in these patients in terms of admitting to the fact that indeed 
they are infected? 

Morton M. Woo.tev, MD, Los Angeles, Calif: During this past 
year, I was asked to see a 5-year-old girl who had AIDS. She had 
a very large posterior ancrectal lesion that eventually resulted in 
necrosis of the anus and rectum into the presacral space. She had 
contracted AIDS through a blood transfusion when she was an 
infant. My question has to do with the relationship between AIDS 
and anorectal lesions. Are the anorectal lesions in adults due to 
anal intercourse or ave anorectal lesions inherent to AIDS and 
occur in patients in whom AIDS is transmitted through blood 
transfusion or drug abuse? 

Danet J. Reppy, MD, Detroit, Mich: Your third conclusion 
alerted us to look for infections that would be rare in patients not 
infected by HIV. There nas been recent speculation that HIV- 
positive patients represent a cohort that may be at risk for arterial 
infections from blood-borne organisms. Was the one amputation 
in your series prompted by a vascular infection? 

Dr Deertricu: All patients should be treated according to CDC 
guidelines; we treat all patients as if their blood is contaminated 
whether we know that it is or not. In terms of universal pre- 
cautions, it is much easier in the operating room than on the floor. 


Surgeons wear goggles or masks; our residents who refuse to do 


this are not allowed to operate. 
Most of our surgeans use double gloves by preference, par- 
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ticularly for procedures in the pelvis. Our orthopedic colleagues, 
in particular, use double gloves due to the presumption of in- 
creased risk of infection through one glove. 

Dr Byrne, we do prefer general anesthesia in these patients. 
The last thing in the world we want to do is control everything 
in the operating room but lose the control because the patient 
coughed or moved during an injection of lidocaine, or any of 
those other things that patients sometimes do when not anes- 
thetized. 

We try to minimize the number of persons that are theoretically 
exposed. This is easier in nontraining programs. However, we 
do need to give our residents some experience; so it cannot be 
said that any patient suspected of being infected is not a teaching 
case. However, I do not allow my residents to scrub patients who 
are known to be teaching cases. I like to have the most experi- 
enced (usually the most familiar) personnel available to me be- 
cause I can count on other experienced people to hold still and 
not to jump. We try to minimize the number of sharp objects on 
the field and we avoid hand-to-hand transfer of any unnecessary 
sharp objects. We avoid scalpels, sharp retractors, and the pin- 
point bulb, and use cautery for incisions. We use the magnetic 
field on the patient to reduce the chances of somebody making 
a sudden motion or grabbing something that may be falling off 
the field. We proceed with appropriate disposal of sharp objects 
just as we do for any patient according to the CDC guidelines. 

I try to avoid having pregnant personnel even in the operating 
room, but not because of the HIV. I do not think that pregnant 
women are more valuable than anybody else with regard to the 
HIV infection. However, HIV-infected patients generally are also 
infected with multiple viruses that are teratogenic. 

Some people suggest that an operation on a known HIV- 
infected patient should be the last case of the day. We do not 
necessarily adhere to that, but it is something to consider. I do 
not know of any health care workers who have been stuck with 
needles. If and when that happens, we will refer to current stud- 
ies of patients infected with or exposed to HIV to see if that im- 
proves their outcome or decreases the chance of seroconverion. 

I think the CDC will come out soon with guidelines in terms 
of HIV-infected health-care workers, anditis up to them. I believe 
that if the CDC requires HIV testing of health care workers in- 
volved in invasive procedures, it will lead to surgeons requiring 
HIV testing of their patients. 

Dr Printen, you asked the question about the preoperative his- 
tory of patients diagnosed with HIV. Yes, we have experience 
with patients not being honest. As you can imagine, it is difficult 
to group these patients and study them because HIV infection 
is not reliably charted as a discharge diagnosis. So in addition to 
going through medical records, we sought hospital lists of pa- 
tients with HIV who had undergone surgery and many of these 
H&Ps reported “28-year-old white male homosexual patient de- 
nies HIV testing.” Often while reviewing the chart I was aware 
that the patient was tested 6 months previously, that the results 
were positive, and that the patient knows the results. It is not 
enough just to ask the patient. We presume that they are infected 
with HIV and treat them accordingly. 

Dr Woolley, all of our anorectal cases were in homosexual pa- 
tients. I presume that they were related to anal intercourse as 
opposed to their HIV infection. I agree with the literature that 
HIV-infected patients with anal disease should be treated non- 
surgically whenever possible because it is usually associated with 
chronicity and poor problems with healing. 

Finally, Dr Reddy, our patient with a nonhealing amputation 
was not infected; cultures were negative; Doppler signals and 
indexes would have predicted thatit was healed. The surgery was 
converted from a below-the-knee amputation to a high above- 
the-knee amputation, which slowly healed. 
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Invited Commentary 


Pasty reports aie in patients with AIDS were viewed 
as something of a curiosity. Indications for surgery were un- 
usual; the neoplasms were rare and the infections unknown 
in surgical illness. Operation was often undertaken as an 
emergency in the end stage of the disease and the mortality 
rate was correspondingly high. Some questioned whether 
surgery in patients with AIDS was ever indicated. Epidemi- 
ologic data showing approximately 1 million Americans to be 
currently infected with HIV and at least 40 000 new HIV in- 
fections occurring each year in adults and adolescents indicate 
that virtually every surgeon will treat patients with HIV in- 
fection. 

This large experience from two Chicago hospitals gives an 
accurate picture of the manifestations of the disease and the 
expected outcome. The report confirms the need for surgery 
for AIDS-specific indications such as cytomegalovirus entero- 
colitis, non-Hodgkin’ s lymphoma, and atypical microbacte- 
rial infection. What is new is the low mortality rate in both 
emergency and elective procedures. While mortality is ex- 
pected to be low in the asymptomatic patient with a CD4 cell 
count of 0.5 x 10°/L or greater, the 13% mortality achieved in 
these emergency cases is a significant accomplishment. Fur- 
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ther, they define two specific risk factors, serum albumin lev- 
els less than 25 g/L and opportunistic infection, which in com- 
bination correlate with decreased survival. For those skeptics 
of the value of surgery in HIV-infected patients, the authors 
have demonstrated both improvement and prolongation of 
life through correction of acute, life-threatening conditions in 
otherwise active, although HIV-infected, patients. Wound 
healing was not a postoperative problem in the majority of 
patients. The current life span of the patient with HIV infec- 
tion is close to a decade, and patients who had an established 
diagnosis of AIDS since June of 1987 have an estimated sur- 
vival fime of 16.3 to 18.7 months from the date of diagnosis, 
in par- due to reduction in the risk of death in patients taking 
zidovudine.” We routinely undertake major resections of vis- 
ceral cancers in patients with lower expected survival rates. 
Surgeons must know the manifestations of surgical disease in 
patients with HIV infection and be prepared to treat these 
complications, confident that they can make a significant con- 
tribution to the patient’s welfare and life span. 
SAMUEL Eric Witson, MD 
Torrance, Calif 
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@ Eighy-nine endovascular procedures were performed dur- 
ing a 1-year period. Techniques included balloon angio- 
plasty (n=50), laser-assisted balloon angioplasty (n= 32), 
and atherectomy (a=7). Indications were claudication 
(65.2%), critical ischemia (30.3%), and failing bypass 
(4.5%). Preoperative evaluation included a history and phys- 
ical examination, segmental limb pressures, and color du- 
plex ultrasonography. Postoperative surveillance consisted 
of a history and physical examination, ankle-arm indexes, 
and color duplex examinations at 1-week, 1-month, and then 
3-month intervals. All levels of aortoiliac and infrainguinal 
disease were treated. Immediate technical success rate was 
89.8%. Recurrence rates by life-table analysis reveal a 
9-month patency rate of 45.4%. Early results of this pro- 
spective study indicate that endovascular procedures are 
subject to significant restenosis rates. Restraint is advised 
concerning general acceptance of endovascular procedures 
pending critical study. 
(Arch Surg. 1991;126:867-872) 


Asa in vascular surgery have often paralleled ad- 
vances in technology. The development of endovas- 
cular surgery is an example of this phenomenon. Despite 
widespread use, endovascular procedures have rarely 
been subjected to the same scrutiny as conventional vas- 
cular reconstructions. Unless these new procedures are 
critically evaluated, their appropriate role in the treatment 
of atherosclerotic peripheral vascular disease will be un- 
known. To aid in determining the effectiveness and value 
of endovascular procedures, we initiated a prospective 
study of current endovascular procedures performed by 
a surgical group. The endovascular surgical techniques 
evaluated included balloon angioplasty (BA), laser- 
assisted BA (LABA), and atherectomy. This report pre- 
sents the early results of this prospective study. 
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MATERIALS AND METHODS 

We evaluated all candidates for conventional vascular recon- 
struction examined between August 1989 and September 1990 by 
the vascular surgery service at the University of lowa Hospitals 
and Clinics and the Iowa City Veterans Affairs Medical Center 
for potential entrance into this study. Eighty-nine endovascular 
procedures were performed for chronic ischemia of the lower 
extremity on 77 limbs in 69 patients. There were 65 men and four 
women with a mean (+SD) age of 64+9.5 years. The medical 
history was positive for hypertension in 38.2% of cases, coronary 
artery disease in 58.4%, myocardial infarction in 18.0%, conges- 
tive heart failure in 13.5%, diabetes mellitus in 26.9%, and cig- 
arette smoking in 66%. The majority of patients (65.1%) were 
treated for claudication. Other indications were critical ischemia 
in 30.3% of cases and failing vein bypasses in 4.5% with the lesion 
in either the native artery (n =3) or in the vein bypass (n= 1). The 
mean preoperative ankle-arm index (AAI) was 0.59+0.22. Pro- 
cedures performed included 50 BAs (56.2%), 32 LABAs (36%), 
and seven atherectomies (7.9%). Alllevels of disease were treated 
as indicated in Tables 1 and 2. Distal runoff (defined as the num- 
ber of vessels open at the ankle level without intervening oc- 
clusions or stenoses greater than 50% of the luminal diameter) 
was similar in all groups (Table 3). After a history and physical 
examination, patients were evaluated preoperatively with seg- 
mental limb Doppler pressures, common femoral waveform 
analysis, and spectral analysis and color duplex ultrasonogra- 
phy. 

All procedures were performed in an operating room using a 
portable digital C-arm fluoroscopy unit (OEC-Diasonics An- 
gioplus C-arm Image Intensifier Series 9000, Salt Lake City, 
Utah). Arterial access was achieved via a percutaneous approach 
(64%) or femoral artery cutdown (17%). Acutdown approach was 
used because of either the proximity of a bypass graft or mul- 
tisegment disease treated by LABA. The remainder (15%) were 
done with an open technique adjunctive to a conventional re- 
construction. Balloon angioplasty was performed using Blue Max 
or Ultra Thin balloons (Meditech, Watertown, Mass) in the aor- 
toiliac, femoral, and popliteal arteries. A Tegwire balloon system 
(Meditech) was used in the tibial vessels. Balloon size was de- 
termined from the arteriogram using a normal-appearing seg- 
ment of artery as the reference. The balloons were inflated for 
60 seconds at 10 to 14 atmospheres with the Blue Max balloons 
or 6 to 8 atm when using the other systems. If there was greater 
than 20% residual stenosis after the first inflation, a second in- 
flation was performed. Laser-assisted balloon angioplasty was 
performed with either the 2.5-mm or 3.0-mm Flex laser probe 
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Discus 


Table 1.—Levels of Procedure* 


Procedure 
cc _-_ Or 7 


Atherectomy 


CIA 
EIA/CFA/SFA/Pop 
Tibial 

SFA and tibial 
CIA and SFA 
Aorta 

Vein bypass 
Total 


*BA indicates balloon angioplasty; LABA, laser-assisted balloon 
angioplasty; CIA, common iliac artery; EIA, external iliac artery; CFA, 
common femoral artery; SFA, superficia! femoral artery; and Pop, 
popliteal artery. 


Table 2.—Levels of Disease* 


Procedure 
n 


BA LABA Atherectomy Total 
Aorta 
Common iliac 
EIA/CFA/SFA/Pop 
Tibial 


Vein bypass 
Total 





*BA indicates balloon angioplasty; LABA, laser-assisted balloon 
angioplasty; EIA, external iliac artery; CFA, common femoral artery; 
SFA, superficial femoral artery; and Pop, popliteal artery. 


Table 3.— Runoff Status* 
No. of Runoff Vessels 
a a a 
Procedure 0 1 2-3 
BA 25 18 


LABA 
Atherectomy 
Total 













*BA indicates balloon angioplasty, and LABA, laser-assisted balloon 
angioplasty. 


(Trimedyne Inc, Tustin, Calif) after the lesion had been success- 
fully traversed with a guide wire (n=30). A Spectraprobe (Tri- 
medyne Inc) was used in two cases when an occlusion could not 
be traversed by a guide wire. The power setting ranged from 12 
to 14 W for 42 to 910 J (mean, 360 J). The atherectomies were 
performed with the Simpson Atherocath (DVI Inc, Redwood 
City, Calif) (n=5) or the Transluminal Endarterectomy Catheter 
(IVT, San Diego, Calif) (n=2). Aspirin therapy was begun (325 
mg) the day before and continued indefinitely after the proce- 
dure. Nitroglycerin (100 to 150 ug) was administered intra- 
arterially when dilating tibial vessels. All patients were system- 
ically heparinized after successful introduction of the intra- 
arterial sheath was documented with fluoroscopy. Activated 
clotting times were monitored to ensure adequate anticoagula- 
tion. Patients treated for occlusions continued receiving heparin 
for 24 hours after the procedure. 
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Procedures were evaluated for immediate technical, hemody- 
namic, and clinical success and long-term hemodynamic and clin- 
ical sucess. Technical success was defined as angiographically 
less then 20% residual stenosis or elimination of a hemodynam- 
ically s-gnificant pressure gradient after the completion of the 
procedare. Hemodynamic success was defined as an improve- 
ment o- the AAI by 0.15 or more. A procedure was classified as 
a hemodynamic failure if, despite technical success, the AAI did 
not improve by 0.15. Clinical success was defined as an improve- 
ment œ the patient’s Society of Vascular Surgery/International 
Society of Cardiovascular Surgery clinical category’ by one level. 

The postoperative surveillance consisted of the following three 
independent methods of evaluation for evidence of restenosis or 
occlusien: (1) symptoms and physical examination; (2) segmental 
limb pressures; and (3) color duplex scans and common femoral 
artery waveform and spectral analysis. The patients were seen 
at 1-week, 1-month, and then 3-month intervals after the pro- 
cedure. End points used in life-table analysis were defined as 
major amputations, recurrence of symptoms, or return of he- 
modynamic index values to baseline. A patient without symp- 
toms wnose hemodynamic index values returned to baseline or 
had a s*enosis or occlusion identified by arteriography was con- 
sidered a failure. For the purpose of analysis patients were not 
classified as failures if they had duplex or femoral waveform ev- 
idence bf a restenosis alone without symptomatic or hemody- 
namic evidence of a restenosis. These patients returned for 
follow-up in 1 month rather than in 3 months. Color duplex cri- 
teria fo- restenosis included a common femoral artery Doppler 
wavefo-m changing from a triphasic or biphasic signal to a 
monop asic signal or an increase in peak systolic velocity greater 
than tw:ce adjacent segments of the vessel.** (Our duplex results 
were validated before we undertook this study by prospectively 
compar-ng results of the duplex scans obtained before lower ex- 
tremity angiograms with the appropriate angiogram in 30 con- 
secutive patients with a concordance of 86.6%. Misinterpreted 
duplex scans included three cases of a missed tandem lesion and 
one cas of a missed short intervening patent segment of su- 
perficia femoral artery between two occlusions.) In 14 cases, 
follow-up arteriograms that confirmed failure of a procedure 
were performed in patients being considered for either a repeated 
endovascular procedure or a conventional reconstruction. 

Results were analyzed with the life-table method. Patency rates 
were calculated for all procedures, for each procedure at each 
level of disease, and for procedures performed in cases in which 
the only. lesion was a stenosis greater than 5 cm. The external iliac, 
femoral and popliteal arteries were analyzed as one level as in 
the eva uation by Johnston et al? because these vessels have a 
similar sestenosis rate following endovascular procedures. In this 
study, tne treatment of restenoses was not considered in the anal- 
ysis of the primary patency rates. The combined analysis of res- 
tenoses.and primary stenoses would constitute a secondary pa- 
tency rete that was not determined in this study. 


RESULTS 

The immediate technical and hemodynamic success 
rates were 89.8% and 83.1%, respectively. For all proce- 
dures, the mean AAI increased from 0.59+0.22 to 
0.81+0.18 after the procedure. Technical failure was in- 
frequent (n=9; 10.2%). This was most commonly (six of 
nine cases) due to inability to pass a guide wire through 
a long dcclusion. One was related to a defective atherec- 
tomy system. An immediate hemodynamic failure after a 
technical success occurred in six patients (6.7%). Of these, 
four hed multisegmental disease, one a long (8-cm) oc- 
clusion of the superficial femoral artery, and one a 
popliteal stenosis with no infrapopliteal runoff. 

Ther2 was one procedure-related death (1.1%) that oc- 
curred in a patient undergoing LABA as an adjunct to a 
vasculer reconstruction (femorofemoral bypass). Other 
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Fig 1.— Overall patency ofall endovascular procedures attempted on 
primary lesions. 
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Fig 2.—Patency after all balloon angioplasty (circles) and laser- 
assisted balloon angioplasty (squares) procedures. 


complications were as follows: one edematous leg follow- 
ing a laser-probe perforation (1.1%) treated nonopera- 
tively and not requiring transfusion, one groin hematoma 
requiring evacuation (1.1%), and one episode of distal em- 
bolization treated successfully by immediate thrombolysis 
and dilation. A single wound infection (1.1%) occurred. 
There were two amputations, both at the below-knee 
level, in patients undergoing an endovascular procedure 
for critical ischemia. These patients had severe congestive 
heart failure and obstructive pulmonary disease and were 
not believed to be candidates for complex distal recon- 
structions. 

Laser-assisted balloon angioplasty was more frequently 
performed in cases of either long stenoses (greater than 
5 cm) or occlusions. Fifty percent (n = 16) of the LABA pro- 
cedures involved a stenosis greater than 5 cm or an oc- 
clusion, while only 22% (n=11) of the BA procedures in- 
volved these lesions. Furthermore, 31.2% of the LABA 
cases and only 10% (n=5) of the BA cases involved oc- 
clusions longer than 5 cm. 

The overall patency rate (ie, no restenosis) for all en- 
dovascular procedures performed on primary lesions in 
native arteries was 45.4% at 9 months (Fig 1). For BA and 
LABA the primary patency rates at 6 months in native 
arteries were 74.3% and 55.5%, respectively. By 9months, 
these values had dropped to 60.1% and 26.4%, respec- 
tively. However, at9 months the SE was 10.5% for BA and 
13.3% for LABA (Fig 2). In the cases in which the only 
lesions treated were stenoses less than 5 cm, the results 
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Fig 3.—Patency after balloon angioplasty (circles) and laser-assisted 
balloon angioplasty (squares) procedures on lesions with less than 
5-cm stenosis. 
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Fig 4.—Patency after balloon angioplasty on all common iliac artery 
lesions (circles) and lesions with less than 5-cm stenosis (squares). 
The following are two common categories of common iliac artery 
lesions: (1) all common iliac artery lesions treated with balloon an- 
gioplasty; and (2) lesions in the external iliac artery/superficial fem- 
oral artery/popliteal artery level of less than or equal to 5 cm treated 
with balloon angioplasty. 


were improved. At 6 months, the overall patency rates 
were 78.6% and 78.0% for BA and LABA, respectively 
(Fig 3). 

The 9-month patency rate for all common iliac lesions 
treated with BA was 82.6% (Fig 4). There were two tech- 
nical failures in this group in patients with complete oc- 
clusions. There were only four patients with common iliac 
lesions treated with LABA. In two of these, there was un- 
successful passage of a guide wire through an occlusion, 
and the other two are still patent without evidence of res- 
tenosis at6 months. Of the common iliac lesions with less 
than 5-cm stenoses (ie, no occlusions), there was an 89.4% 
patency rate at 6 months (Fig 4). 

The 6-month patency rate for all lesions treated at the 
external iliac, femoral, and popliteal level with BA was 
78.4% (Fig 5), and with LABA, 58.7% (Fig 6). By 9 months 
these rates dropped to 52.2% and 27.9% for BA and LABA, 
respectively; however, the SE was greater than 10% at this 
interval. As was true for common iliac artery lesions, at this 
level the results of cases involving only stenoses less than 
5 cm were slightly improved, with a 6-month patency rate 
of 83.3% for BA and 75.2% for LABA. 

The patency rate for long occlusions (ie, greater than 
5 cm) treated with LABA was only 31.4% at 3 months. There 
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Fig 5.—Patency after balloon angioplasty on all lesions in the external 
iliac artery/superficial femoral artery/popliteal artery (circles) and le- 
sions with less than 5-cm stenosis (squares). The two groups are as 
follows: (1) all lesions in the external iliac artery/superficial femoral 
artery/popliteal artery level treated with balloon angioplasty; and (2) 
lesions in the external iliac artery/superficial femoral artery/popliteal 
artery level of less than or equal to 5 cm treated with balloon an- 


gioplasty. 


are two patients in this group who have not had restenoses 
after 9 months. There was nota sufficient number of patients 
in this category treated with BA to be analyzed. 

The number of cases involving tibial vessels was small 
(n=7) and the follow-up has been limited, with only one 
patient followed up for 6 months thus far. However, in 
these patients there has been a high early failure rate. 
There have been twoimmediate failures (one technical and 
one hemodynamic), two early clinical failures, and one 
restenosis at 4 months. There are two continued patencies, 
one at the 6-month and the other at the 1-month follow-up. 


COMMENT 

Newer endovascular surgical procedures for the treat- 
ment of peripheral vascular occlusive disease are being 
widely applied in the United States. This report represents 
early data from a prospective study of current endovas- 
cular procedures performed entirely by vascular surgeons. 
Our excellent immediate technical success rates are con- 
sistent with those reported by others.” However, the 
reported high incidence of restenosis in our series differs 
from that reported in nearly all other series.°* 1° This 
may relate to the critical follow-up that our patients were 
subjected to. All procedures were analyzed in a fashion 
similar to conventional reconstructions. In many series of 
endovascular procedures only successful cases were 
analyzed.®” 1%% In our series all procedures that were at- 
tempted were analyzed. Eliminating immediate technical 
and hemodynamic failures from analysis would increase 
our overall primary patency rate by approximately 17%. 
Objective data were used to establish criteria for imme- 
diate and continued success of the procedure. The mere 
presence of a palpable pulse’*™ or subjective information, 
such as reported symptoms or the local physician’s as- 
sessment of success,’” was not accepted as proof of pa- 
tency. Primary patency rates also appeared higher when 
repeated procedures were not counted as an end point.!° 
We have counted any repeated procedure in the same re- 
gion as an end point in the life-table analysis. Johnston et 
al also used surgical criteria for analysis of endovascular 
procedures. The incidence of restenosis in their series of 
BA was similar to that in ours. 
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Fig 6.—Patency after laser-assisted balloon angioplasty on all lesions 
in exterral iliac artery/superficial femoral artery/popliteal artery (cir- 
cles) and lesions with less than 5-cm stenosis (squares). 


It was not possible in our study to compare the overall 
patency rates between LABA and BA, because the mor- 
pholog:cal characteristics of the lesion in the two groups 
were too divergent. However, when comparing the short 
stenosis category, LABA did not appear to be of any added 
value ower BA. 

There has recently been an attempt to prospectively 
compare surgical reconstruction with balloon angioplasty. 
In the Veterans Affairs cooperative study by Wilson et al,”! 
the results of angioplasty and surgical reconstruction were 
similar at 3 years only if the immediate technical failures 
of angicplasty were excluded. In that study the immediate 
surgical failure rate of 15% was also considered in the anal- 
ysis. In another prospective study by Kwasnik et al,” iliac 
angioplasty was compared with aortofemoral bypass 
grafting. In that study, there was a 36% failure rate in the 
angioplasty group at 3 years compared with the 8% late 
failure rate for aortofemoral bypass grafting (P<.05). 

Balloen angioplasty is accepted as a safe and effective 
treatment for carefully selected patients with peripheral 
vascular occlusive disease.” There are even those who 
claim that there is a cost of underutilization of angioplasty. 
A review by Doubillet and Abrams” compared success 
rates of angioplasty reported from several centers with 
those of vascular reconstruction. This is not a valid com- 
parison decause although the arterial reconstructions were 
submitted to life-table analysis, the angioplasty proce- 
dures were not. Additionally, these reports of BA ex- 
cluded mmediate failures from analysis, and follow-up 
criteria were unclear. Hence, such reports can be mislead- 
ing unless critically reviewed. 

In our study, we closely followed up patients with stan- 
dard noninvasive indexes such as AAI. We also studied 
patients with color duplex scans. In general, restenoses 
were detected with color duplex scanning before the lesion 
was disclosed by the resting AAI. However, no late oc- 
clusions occurred without an initial decrease in the non- 
invasive variables. Based on these findings we conclude 
that rou-ine intense surveillance with color duplex scan- 
ning after endovascular procedures will not be cost- 
effective because recurrence can be expected and discov- 
ered witn other less expensive methods before occlusion. 
However, color duplex scanning in this situation is useful 
as an investigative tool, defines more precisely the site of 
stenosis, and allows differentiation of restenosis from pro- 
gression of disease at another site. 
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The technology used in the application of endovascular 
procedures is readily available and easily learned by vas- 
cular surgeons. However, the judgment necessary to 
properly evaluate and treat patients with peripheral vas- 
cular disease is more painstakingly acquired. The initial 
excitement generated by this new technology has tended 
to overshadow priorknowledge regarding the benign nat- 
ural history of patients with claudication. The tendency to 
equate technical success and angiographic improvement 
with lasting benefit in the absence of properly analyzed 
prospective data is discouraging. We condemn the trend 
toward the treatment of lesions detected on lower extrem- 
ity arteriograms without regard to the patient's symptom 
complex, and we acvise restraint concerning general ac- 
ceptance of endovascular procedures before the develop- 
ment of critical supporting data. 
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Discussion 

Puiu Benprick, MD, Royal Oak, Mich: These results appear 
to be consistent with those of other studies of angioplasty, which 
raises several questions. What were the selection criteria used for 
performing BA vs LABA? It is fairly well established that the 
complexity of the lesion, tight stenosis or total occlusion, or the 
length ofa particular lesion will affect the outcome. If such studies 
are not strictly randomized, the lesion characteristics themselves 
can significantly affect overall success. Second, were the clinical 
success rates based on recurrent symptoms different from the 
objective or hemodynamic success rates? 

Perhaps of more importance are the philosophic questions this 
whole area of technology raises. Sixty-five percent of the pro- 
cedures performed were for claudication. Does this mean that as 
the interventions that are available change, the indications for 
intervention also change? You go on to state that the duplex ul- 
trasound study was able to detect restenosis before it achieved 
any overall hemodynamic significance, that is, a local restenosis 
producing local hemodynamic effects. You also state, however, 
that more conventional noninvasive techniques can detect re- 
currence prior to occlusion with more cost-effectiveness. Do 
those early changes detected with duplex examination serve as 
a predictor of subsequent occlusion? Are there anatomic changes 
evident by high-resolution duplex imaging before hemodynam- 
ically significant restenosis occurs, that might shed light on the 
mechanisms involved? If so, assuming early recognition and re- 
treatment are beneficial, would not intervention before hemo- 
dynamic significance is reached be best? This would seem par- 
ticularly relevant in view of the much better results for short 
stenoses vs total occlusions. 

Finally, you decry the treatment, appropriately, of anatomic, 
thatis, angiographic, defects. However, as owners of all this high 
technology equipment, what is the authors’ current patient man- 
agement practice and whatare their recommendations to patients 
regarding all of this technology? To emphasize the authors’ major 
point, it should be added that the concept of surveillance is more 
than just applicable, it is essential in the follow-up of these en- 
dovascular procedures. 

Wam H. Baker, MD, Maywood, Ill: You did some interven- 
tions on vein grafts in three patients. Could you tell me how you 
chose those three? We have had some variations in results when 
we attempted such procedures. Second, I assume that you also 
performed arterioscopy, have you followed any of the stenoses 
in vein grafts, for example, in which the arterioscope has been 
passed? It seems to me that a 2.9-cm scope in a 2.8-cm vein might 
cause some late stenosis. If I can paraphrase Dr Bendick’s last 
question, are you still using the laser in light of its poor results? 

Douc as B. Dorner, MD, Des Moines, Iowa: It is clear from your 
article that these procedures were all performed by vascular sur- 
geons and that you, as vascular surgeons, had control of these 
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patients from the beginning through the follow-up. As you are 
aware, these procedures are frequently performed byphysicians 
other than vascular surgeons. Phil Bendick’s comments about 
surveillance being mandatory are frequently ignored by nonsur- 
geons. Do you havea mechanism in your institution for following 
up patients who have had endovascular procedures performed 
by physicians other than vascular surgeons? If so, do you have 
a feel for how your follow-up data might change the approach 
of your nonsurgeon colleagues to these patients? 

DR CORSON: There are definitely some biases in our study 
with respect to LABAs. Those were the worst lesions treated: 50% 
of the LABA cases had stenoses greater than 5 cm in length while 
only 22% of the BA cases had lesions of similar length. Further- 
more, 31% of the LABA cases and only 10% of the BA cases in- 
volved occlusions greater than 5 cm in length. 

Dr Bendick, the majority of patients were asymptomatic at the 
time of initial stenosis detection. The stenoses were discovered 
with our aggressive surveillance protocol. Did we see anatomic 
lesions with the color duplex scans before hemodynamic stenoses 
occurred? Yes, we did see early lesions and prospectively fol- 
lowed them up. I think that this is one of the advantages of color 
duplex imaging. One can easily identify and follow up evolving 
lesions. All of the lesions became obvious by segmental limb pres- 
sure studies at a later phase, proving their hemodynamic sig- 
nificance. Furthermore, no patient progressed to occlusion with- 
out first demonstrating a hemodynamic lesion by noninvasive 
studies with segmental limb pressures. 

To the question of should we change our indications for the 
management of peripheral vascular disease because of the avail- 
ability of these new technologies, my answer is a resounding 
“No.” Should we reintervene on patients who have a defined 
early restenosis? I think that is a question that most of the vascular 
surgeons in the community should be candidly asking them- 
selves. We do not want to fall into the trap of treating lesions 
rather than patients. I think we have to ask ourselves the ques- 





Transluminal BA has been considered a suitable alternative 
to direct arterial surgery in selected cases. For example, short- 
segment iliac artery stenoses or occlusions can be successfully 
treated with durable long-term success. The same is not true 
for lesions distal to the inguinal ligament in which early re- 
currence due to myointimal hyperplasia is extremely com- 
mon. 

In the past few years newer devices have been introduced 
and touted as effective in achieving patency of stenotic and 
occluded arteries distal to the inguinal ligament. These sys- 
tems have included lasers and mechanical devices designed 
to recanalize, ablate, and remove the atherosclerotic plaque. 
These methods were quickly brought to the patients with ar- 
terial disease without careful consideration of the problems 
that might be encountered. In addition, an informational and 
advertising blitz designed to attract physicians and patients 
was developed. The appeal of space-age technology was on 
us. 

The initial enthusiasm was of such a magnitude that many 
surgeons and even cardiologists began using the methods 
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tion: Wky was the patient treated in the first place? Do the current 
symptoms justify performing another procedure? We should 
continue to treat symptoms and not lesions until available data 
suggest otherwise. 

Our early enthusiasm was a response to the challenge made 
in recene presidential addresses by John Glover, MD, and Larry 
Hollier, MD, encouraging vascular surgeons to be involved in 
endovascular surgery. We have, to a degree, backed off from our 
initial enthusiasm with these techniques. However, we firmly 
believe that vascular surgeons are in the best position to perform, 
select, and objectively evaluate these procedures. 

We heve very limited experience with stenoses in vein grafts 
treated with endovascular techniques and are not enthusiastic 
about using this technology in vein grafts. In a few cases, special 
circumstances dictated their use. I think the poor results in those 
patients justify my negative opinion about endovascular inter- 
ventions on vein-graft stenoses. 

I havesome reservations with regard to the use of angioscopes 
in vein Eypasses despite my early enthusiasm for this technique 
in 1981. We do have other techniques that allow us to lyse vein 
valves fer in situ bypass satisfactorily without direct visualiza- 
tion. Time will tell which technique is best. Should we continue 
to use the current laser? I think the answer is no except in special 
circumstances to get through a total occlusion when there is no 
other available surgical option for revascularization. 

Dr Dorner’s question is most perceptive: How do we as vas- 
cular surgeons maintain quality control in this field? I think in 
general we can accomplish this in the surgical community with 
our current surgical audits. However, we will have a lot of dif- 
ficulty ir evaluating other enthusiasts in this burgeoning field. 
Educatian of involved physicians is a partial solution to avoid 
abuse of endovascular techniques. The most important aspect, 
however. is the involvement of those physicians most educated 
in the menagement of patients with peripheral vascular disease, 
that is, vascular surgeons. 





even trough they had little or no experience in the use of 
endovascular therapy. This led to an enormous outlay of 
money, development of facilities, and advertising campaigns 
to attract patients. 

This excellent short-term study is a sober reminder that the 
promised goals were not achieved. Furthermore, it reminds 
us once again that there is no substitute for good science and 
solid clmical investigation. It is time we recognize that my- 
ointimal hyperplasia is the cause of most early failures and 
none o: the new devices appears to limit this process from 
proceecing. 

It is tame to call a halt to the proliferation of these methods 
so that we can return to careful investigation of these methods 
by the time-tested scientific approach. Economics should no 
longer be permitted to drive the application of these methods 
to patients. 

D. E. Stranpness, Jr, MD 
Seattle, Wash 
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Management of Infected Aortoiliac Aneurysms 
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è A 30-year retrospective review identified 13 patients 
treated for infected aneurysms of the abdominal aorta or 
iliac arteries, for an overall incidence of 0.65%. A constel- 
lation of clinical findings led te the correct preoperative di- 
agnosis in 11 (85%) of 13 patients. Treatment methods in- 
cluded resection and in situ replacement grafting in seven 
patients, resection and extra-anatomic bypass in five pa- 
tients, and resection-ligation in one patient. Four (31%) of 
13 patients died within 30 days of operation, three of whom 
died of rupture. Overall, good results were achieved in five 
patients (38%), while poor results were noted in the remain- 
ing eight patients (62%). The determinants of outcome were 
aneurysm location or rupture, the presence of established 
infection, and the virulence of the infecting organism. In 10 
(77%) of the 13 aneurysms, Salmonella species, Bacteroides 
fragilis, Staphylococcus aureus, and Pseudomonas aerugi- 
nosa accounted for all deaths, ruptures, and suprarenal an- 
eurysm infections. These data suggest that patients with pri- 
mary infections of the abdominal aorta or iliac arteries 
continue to present with advanced infections or aneurysm 
rupture that result in a high mortality. 
(Arch Surg. 1991;126:873-879) 


i n recent years, anecdotal reports, clinical series, and lit- 

erature reviews have detailed the incidence, severity, 
and outcome following treatment of infected 
aneurysms.'** The spectrum of disease reported varies 
widely from limited arterial infections with excellent re- 
sults following in situ grafting to advanced infections with 
high mortality regardless of therapy.7*””!*’° What ap- 
pears to be consistent, however, is the increasing fre- 
quency with which this entity is being encountered, re- 
flecting either increased incidence or increased 
recognition by clinicians.’? Even though in situ replace- 
ment grafting has received recent emphasis, the optimal 
management of infected aneurysms remains controver- 
sial.2*7*, 12,22 We undertook this review to better define 
the results achieved when treating a wide variety of in- 
fected aortic and iliac aneurysms, including limited and 
advanced infections. 
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For the purpose of this analysis the term mycotic aneu- 
rysm refers only to arterial infections caused by septic em- 
boli from infective endocarditis, as described by Osler.” 
Microbial arteritis with aneurysm refers to a destructive in- 
fection occurring in an abnormal, usually atherosclerotic, 
artery. In this setting, episodes of bacteremia may seed the 
diseased arterial wall leading to suppurative arteritis with 
subsequent aneurysm formation.” Infection in a preexisting 
aneurysm is a secondary infection occurring in the lami- 
nated thrombus or atheromatous debris lining any bland 
aneurysm. A distinction should be made between actual 
infection in a preexisting aneurysm and bacterial coloni- 
zation of the contents of an aneurysm. Although such col- 
onization appears relatively frequently when searched for, 
its significance remains uncertain.** 

The final type of infected aneurysm is that caused by the 
spread of infection to the aorta or iliac artery from a con- 
tiguous soft-tissue infectious process with resulting arteri- 
tis. 


PATIENTS AND METHODS 

The study population consisted of all patients who underwent 
an operation at the Henry Ford Hospital, Detroit, Mich, for an 
infected abdominal aortic or iliac artery aneurysm from 1960 to 
1990. Patients were identified through the Vascular Surgery Reg- 
istry. Detailed data regarding patients were gathered in a thor- 
ough review of each medical record. Excluded from the study 
were patients treated for prosthetic graft infections, those with 
arterial infections resulting from trauma, and patients without 
evidence of infection but with positive bacteriologic cultures from 
aneurysms or their contents, indicating colonization without in- 
fection. Thirteen (0.65%) of 2009 patients who underwent pri- 
mary operation for an aneurysm of the abdominal aorta or iliac 
arteries during the 30-year study period met the inclusion criteria. 

To determine the outcome following treatment, patients were 
stratified into two outcome groups. Group A included patients 
who survived without major morbidity and never required a sec- 
ondary operation. Group B included patients who died, had ma- 
jor morbidity, or required a second operation related to the in- 
fected aneurysm. 


RESULTS 

The per-decade incidence of infected aneurysms was as 
follows: 1960 through 1969, one (0.13%) of 772 patients; 1970 
through 1979, four (0.54%) of 740 patients; and 1980 through 
1989, eight (1.61%) of 497 patients. There were 12 men and 
one woman, ranging in age from 19 to 77 years (mean age, 
60.8 years). Twelve (92%) of the 13 patients had aortoiliac 
atherosclerosis. A 19-year-old man with infective bacterial 
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Table 1.—Anatomic Location and Type of 
Infected Aneurysm 


No. of Aneurysms* 
= -— YOO“ 


SRAA IRAA CIA 


Total No. (%) 
of Aneurysms 


Type of 
Aneurysm 
Microbial 


arteritis 10 (77) 


Mycotic 


aneurysm UWF) 


Infection in 
preexisting 


aneurysm 1 V7) 


Adjacent 
soft-tissue 
infection 0 1 0 


Total (%) 3 (23) 7 (54) 3 (23) 


ES 
13 (100) 


*SRAA indicates suprarenal abdominal aorta; IRAA, infrarenal ab- 
dominal aorta; and CIA, common iliac artery. 


Table 2.— Infected Aneurysms: Clinical Presentation 


No. (%) of 
Patients 





Clinical Marker 





Abdominal pain 







Fever 





Leukocytosis* 
Positive blood cultures 9 (69 


Palpable abdominal mass 






Rupture 





*Leukocyte count >10.0 x 10?/L. 


endocarditis causing a true mycotic aneurysm of the iliac 
artery was the only patient without atherosclerosis. Ten pa- 
tients (77%) had microbial arteritis with aneurysm forma- 
tion. The remaining two patients had infection in a preex- 
isting aneurysm and spread from an adjacent soft-tissue 
infection. Aneurysms involved the suprarenal aorta in three 
patients, the infrarenal aorta in seven patients, and the com- 
mon iliac artery in three patients (Table 1). 

No common clinical characteristics permitted correct 
preoperative diagnosis in all patients. A constellation of 
signs, symptoms, laboratory data, and radiologic studies 
led to a correct preoperative diagnosis in 11 patients (85%) 
(Table 2). Abdominal pain, fever, leukocytosis, positive 
blood cultures, and a palpable mass were the most reliable 
clinical markers of an infected aneurysm. The diagnosis 
was supported in 11 (85%) of 13 patients by characteristic 
findings on aortography or computed tomography. Ec- 
centric, lobulated, or saccular aneurysms in unusual lo- 
cations were noted in these 11 patients (Figs 1 through 3). 
Three of the four aneurysm ruptures occurred during the 
first 48 hours of hospital admission while patients were 
undergoing diagnostic evaluation or being prepared for 
operation. The diagnosis of aneurysm infection was un- 
suspected before operation in two of 13 patients and was 
only discovered during celiotomy. 

In 10 (77%) of 13 infected aneurysms, Salmonella species, 
Bacteroides fragilis, Staphylococcus aureus, and Pseudomonas 
aeruginosa were isolated. These organisms accounted for 
all deaths, ruptures, and suprarenal aortic aneurysm in- 
fections (Table 3). One patient who had no growth of or- 
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Fig 1.—Centrast-enhanced computed tomographic scan at the level 
of the suprarenal aorta demonstrates the nondilated aorta (open 
arrow) and the adjacent eccentric retroperitoneal mass representing 
inflammation, hematoma, and blood (curved arrow) rising from the 
aorta (pawent 12). 


open, 





Fig 2.— Trenslumbar aortogram demonstrating an infected eccentric 
and saccular infected aneurysm of the infrarenal aorta (patient 2). 


ganisms from samples taken during operation had mul- 
tiple bloed cultures positive for Listeria monocytogenes and 
Staphylococcus epidermidis. This patient received organism- 
specific >arenteral antibiotic therapy for 1 month before 
operation, which, presumably, sterilized the aneurysm. 

Bacter.al cultures from the aneurysms were positive in 
12 (92%) of 13 patients with or without rupture (Table 4). 
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Fig 3.—Selective arteriogram demonstrating the lobulated appear- 
ance of an infected aneurysm of the left common iliac artery (patient 
3). 


Operative Gram’s stains, although positive for organisms 
in two (50%) of four patients with aneurysm rupture, were 
positive in only one (11%) of nine patients without rupture 
(Table 4). Preoperative blood cultures were positive in nine 
patients (69%) (Table 4). Organism-specific parenteral an- 
tibiotic therapy was administered during operation to all 
patients and was continued for 1 to 36 weeks in surviving 
patients (mean, 10 weeks). 

Operative therapy was individualized, but common to 
all procedures was thorough débridement of the aneu- 
rysm wall and surrounding tissues. Arterial continuity 
was restored following aneurysm resection in 12 (92%) of 
13 patients (Tables 5 and 6). Methods employed for arterial 
reconstruction included in situ resection and replacement 
grafting in seven patients or primary resection and extra- 
anatomic bypass in five patients. One patient with an iliac 
aneurysm did not require arterial reconstruction to main- 
tain limb viability after aneurysm excision. 

Stratification of patients into group A or B was based on 
outcome. The four most important factors in determining 
outcome were as follows: (1) aneurysm location; (2) pres- 
ence or absence of preoperative aneurysm rupture pro- 
ducing shock; (3) presence or absence of an identified sep- 
tic cause; and (4) identification of S aureus or P aeruginosa 
as the infecting organism. 


Group A 

Good results were achieved in patients in whom in- 
fected aneurysms occurred in the iliac artery unless they 
were related to uncontrolled bacterial endocarditis, as well 
as in patients in whom the infected aneurysms occurred 
in the infrarenal aorta and were not ruptured causing 
shock. Results were also good in patients in whom no sep- 
tic cause of aneurysm infection could be identified. There 
were no operative deaths or amputations among patients 
in group A. 
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Table 3.—Bacteriology of Infected Aneurysms 


No. of No. of No. of 


Bacteria* Patients Ruptures Deaths 


Salmonella species 


Bacteroides fragilis 


Staphylococcus aureus 
Pseudomonas aeruginosa 
Nonhemolytic Streptococcus 
Citrobactert 

No growth 

Total (%) 


*No funga! infections were identified. 
+Secondary infection with Citrobacter 3 months after treatment for 
Salmonella enteritis. 


Table 4.—Culture Results 


No. (%) No. (%) 
of of 
Ruptured Nonruptured 
Aneurysms Aneurysms Total 
(n=4) (n=9) (N=13) 











Positive preoperative 


blood culture 3 (75) 6 (67) 9 (69) 


Positive operative culture 


4 (100) 8 (89) 12 (92) 


of aneurysm 


Positive operative Gram’s 


stain of aneurysm 2 (50) 1 (11) 3 (23) 


Four of the five patients in group A survived and were 
well for 2 to 14 years (mean survival, 6 years) following the 
operation. The fifth patient lived 15 years after resection 
and in situ grafting of a contained rupture of an abdominal 
aortic aneurysm infected with B fragilis. Patients in group 
A received antibiotic therapy for 1 to 36 weeks (mean, 14 
weeks) following the operation. 


Group B 

Four of the eight patients in group B died within 30 days 
of the operation. Three died following aneurysm rupture 
and the fourth died of a myocardial infarction during the 
operation. Four late deaths occurred 2 to32 months (mean, 
10 months) after the operation. Of these four deaths, one 
occurred at 8 months and another at 32 months, both after 
secondary arterial reconstruction. An additional late death 
from a perioperative stroke occurred 6 months after op- 
eration. The fourth late death occurred 2 months after op- 
eration ina 19-year-old man with multiple brain abscesses 
secondary to the embolic complications of infective bac- 
terial endocarditis. 

Results were poor when infected aneurysms occurred 
in the suprarenal aorta or in the infrarenal aorta when the 
aneurysm ruptured, causing shock. Results were also 
poor when the infecting organism was S aureus or P aerug- 
inosa. Both patients with S aureus infections had ruptured 
suprarenal aneurysms. One of these patients underwent 
in situ repair and the other underwent bypass of the as- 
cending aorta to the bilateral iliac artery followed by at- 
tempts to directly oversew the aneurysm. Both of these 
patients died (Table 6). 

One of the two patients with Pseudomonas microbial ar- 
teritis and aneurysm died during the operation. The other 
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Table 5.—Group A: Excellent Results 


Patient 


Organism 


Bacteroides 
fragilis 


Salmonella 
enteritidis 


No growth 


Location* 


Rupture 


Shock 


Sourcet 


Operationt 


In situ 
In situ 


Resection, 
extra-anatomic 


Negative blood 
culture 


Previous pelvic 
irradiation 


S enteritidis 


Nonhemolytic 
Streptococcus 





reconstruction 


Resection, 
extra-anatomic 
reconstruction 


Resection, 
extra-anatomic 
reconstruction 


Inflammatory 
aneurysm 


*IRAA indicates infrarenal abdominal aorta; and CIA, common iliac artery. 


tGl indicates recent treatment for febrile gastrointestinal illness. 
In situ indicates resection and reconstruction. 
§A indicates alive. 


Organism Location* Rupture 


Pseudomonas 
aeruginosa 


Bacteroides fragilis 


Citrobacter 

P aeruginosa 

B fragilis 
Staphylococcus 


aureus 


S aureus 


Salmonella 
typhinurium 





Shock 


Sourcet Operationt Mortality§ Comments 


In situ Myocardial 
infarction in 


operating room 


Superior 
mesenteric 
artery and 
cerebral 
aneurysms 


Resection and 
ligation 


Brain hypoxia 


In situ Postoperative 


graft infection 


Extra-anatomic 
bypass 


Previously 
reported 

In-hospital 
rupture 


In situ 


Extra-anatomic 
bypass 


In-hospital 
contained 
rupture 


PAAA. In situ In-hospital 


rupture 





*IRAA indicates infrarenal abdominal aorta; CIA, common iliac artery; and SRAA, suprarenal abdominal aorta. 
tGI indicates recent treatment for febrile gastrointestinal illness; SBE, bacterial endocarditis; AKA, infected prosthetic graft in above-knee 
amputation; PNA, parenteral narcotic addiction; and PAAA, preexisting abdominal aortic aneurysm. 


+In situ indicates resection and reconstruction. 
§D indicates dead; and A, alive. 


patient survived following a complicated clinical course 
and developed a P aeruginosa prosthetic aortic graft infec- 
tion. In this patient infection was suspected because of 
inflammation in the retroperitoneum and periaortic lym- 
phadenopathy during the primary operation. Even 
though postoperative Gram’s stains were negative for bac- 
teria, one of six aneurysm-wall cultures was positive for 
P aeruginosa. Eight months later, an infected false aneu- 
rysm of the proximal anastomosis developed, necessitat- 
ing removal of the infected aortic prosthesis and place- 
ment of an axillofemoral graft. Although the patient 
(patient 9) lived another 2 years, the outcome following his 
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primary treatment was classified as poor. Another patient 
(patient 10) underwent a second operation 8 months after 
a primary extra-anatomic operation fora B fragilis infection 
of the suprarenal aorta, the results of which have been 
previously published.*® 

Results were poor in patients in whom a septic origin 
of the infected aneurysm could be identified. Seven of 
eight pa-ients in group B had septic sources presumed to 
be the ceuse of the aortoiliac infections. Four of these pa- 
tients had a previous febrile illness with abdominal pain 
and diarrhea requiring hospitalization for 4 to 24 weeks- 
(mean length of hospitalization, 12 weeks) preceding the 
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operation for the infected aneurysm (Table 6). Three other 
patients in group B had infective endocarditis, illicit paren- 
teral drug use, or an infected above-knee amputation 
stump with retained prosthetic graft as the presumed sep- 
tic cause of the infected aneurysm. 

In the third patient (patient 9), a P aeruginosa wound 
infection in a femoral-to-popliteal bypass polytetrafluro- 
ethylene graft caused a false aneurysm of the distal anas- 
tomosis necessitating antibiotic therapy and guillotine am- 
putation. Despite the fact that secondary healing and 
rehabilitation were successful, soft-tissue infection per- 
sisted and led to infection of the abdominal aorta by con- 
tiguous spread. This became apparent 8 months later 
when the patient developed P aeruginosa aortitis and an- 
eurysm. This patient, known to have a small infrarenal 
aneurysm, developed high fever; abdominal pain; leuko- 
cytosis, with a leukocyte count of 20 x 10°/L; and an ex- 
panding aneurysm that ruptured, causing death. 


COMMENT 

Although classic mycotic aneurysms were the most 
common type of infected aneurysm in the preantibiotic 
era, antimicrobial therapy and surgery to replace infected 
cardiac valves have combined to sharply lower the inci- 
dence of these aneurysms in contemporary surgical prac- 
tice.” Aside from posttraumatic arterial infections, micro- 
bial arteritis with aneurysms is reported to have 
superseded mycotic aneurysms as the most common type 
of infected aneurysm.” Some investigators have pre- 
dicted that patients with the acquired immunodeficiency 
syndrome may represent a cohort of immunosuppressed 
individuals in whom an increase in the incidence of mi- 
crobial arteritis with aneurysms will develop in the fu- 
ture. 

The results of this study confirm that microbial arteritis 
is now a leading cause of infected aneurysm and suggest 
that infected aneurysms are increasing in incidence or are 
being more readily identified. 

Management remains a challenge. Contrary to the pub- 
lished experience of others, we have not confirmed a be- 
nign clinical presentation of arterial infection.'*"* 
Throughout the study period, patients were identified 
with advanced aneurysm infections that frequently rup- 
tured, resulting in an overall 31% mortality rate. While 
such aneurysms are no longer universally fatal, it is ap- 
parent that delay in diagnosis leading to lethal rupture 
remains a problem. Once the diagnosis is considered, op- 
eration should be undertaken promptly since aneurysm 
rupture within 48 hours of hospital admission accounted 
for 75% of the 30-day mortality in this experience. None- 
theless, the 3-year survival rate among patients in group 
B was 0%. 

Patients in group B with an identified focus of infection, 
such as recent Salmonella enteritis, contiguous soft-tissue 
infection, bacterial endocarditis, or ongoing bacteremic in- 
sults from illicit drug use appeared to have a worse prog- 
nosis due to advanced infection or aneurysm rupture than 
patients in group A in whom these findings were typically 
absent. We must keep in mind, however, that this study 
was a retrospective observational survey in which the two 
groups were defined by outcome. Since they were defined 
by adverse vs good outcome, the groups are not compa- 
rable. Moreover, this survey encompassed 30 years during 
which vascular surgical diagnoses and therapies substan- 
tially evolved, and only a small number of patients were 
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available for study. A more appealing study design, in- 
cluding advanced statistical analyses, was impossible. The 
inherent bias introduced by stratifying patients according 
to disease severity precluded statistical analysis. 

No particular protocol for arterial reconstruction was 
followed beyond that dictated by the practical realities of 
each individual clinical presentation and aneurysm loca- 
tion. Most important was a high index of suspicion for an 
infected aneurysm, which was supported by characteristic 
findings on aortography and computed tomography.” 
Angiographic clues to the diagnosis included eccentric, 
saccular, or lobulated aneurysms in unusual locations or 
in atherosclerotic arteries of otherwise normal caliber. Ver- 
tebral body erosion or absence of calcification on plain 
roentenograms was a further clue. Contrast-enhanced 
computed tomography may show periaortic edema fluid, 
pneumatosis associated with infection by gas-forming bac- 
teria, or even aneurysm rupture. Our recent review of this 
topic did not find magnetic resonance imaging, indium 
111-labeled white blood cell scanning, or gallium scannin 
to be in current use for diagnosing infected aneurysm. 
We have not used these latter imaging techniques for this 
purpose. 

Making the correct preoperative diagnosis not only pro- 
vides the opportunity to administer organism-specific an- 
tibiotics, which may differ from those drugs selected for 
prophylaxis, but also provides the option of considering 
an extra-anatomic bypass prior to aneurysm resection 
when significant aortoiliac sepsis is suspected. For pa- 
tients with infected aneurysms of the suprarenal aorta, it 
appears from the literature that in situ aortic replacement 
and visceral artery reconstruction probably provide the 
best chance of survival.” Our data do not contradict this 
approach. 

Foremost is the observation that in the presence of in- 
fection, in situ suprarenal aortic reconstruction combined 
with thorough débridement, drainage, and appropriate 
antibiotic therapy precludes the technical obstacles en- 
countered when attempting to reconstruct vital arteries 
using extra-anatomic techniques to avoid infected tissue 
planes. Only under extraordinary circumstances is there 
any opportunity for extra-anatomic reconstruction in 
these patients (such as patient 10)."° All patients required 
organism-specific parenteral antibiotic treatment for 4 to 
6 weeks after the operation. Blood cultures should be re- 
checked after completion of antibiotic therapy and, if pos- 
itive, parenteral antibiotic therapy should be resumed. 
When in situ aortic grafts are placed in a septic field, life- 
long suppressive oral antibiotic therapy is recom- 
mended.” 

In our patients, intraoperative Gram’s stains signified 
infection when positive but were found to be unreliable 
when negative. Even though some patients with gram- 
positive stains can be treated with in situ replacement 
grafting (patient 5), the results of this study suggest that 
in situ grafting should be employed with caution in such 
patients because lifelong postoperative surveillance for 
prosthetic graft infection is required.” When the infra- 
renal aorta or iliac arteries are involved, extra-anatomic 
reconstruction preceding or following aneurysm excision 
is recommended for patients with advanced infections. In 
situ prosthestic reconstruction seems appropriate only for 
limited infections caused by low-virulence organisms or 
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el 


when managing ruptured, infected aneurysms. When de- 
viating from this approach (patient 10) we encountered 
major postoperative complications. 

Our data suggest that aneurysm location, rupture, and 
organism virulence are the primary determinants of out- 
come when managing infected aneurysms. The operative 
approach and method chosen to restore arterial continuity 
have less impact on outcome. While treatment methods 
such as those described have merit, we must emphasize 
that treatment of these patients must be individualized. 


Donna Surerus assisted in the preparation of this report. 
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Discussion 

Jonn D. Corson, MD, Iowa City, Iowa: This is a good news/bad 
news paper. The good news is that this is a relatively rare prob- 
lem. Infected aortoiliac aneurysms were identified on only 13 
occasions over a 30-year period in a series of just over 2000 an- 
eurysms operated on in a large referral center. The bad news is 
the high nortality associated with this problem! 

It is difacult to arrive at any firm conclusions due to the small 
heterogereous group of patients with aneurysms who were in- 
fected wich a variety of different organisms. However, certain 
points are obvious and should be stressed. Early diagnosis and 
treatment should avert the high incidence of fatal rupture found 
in this seres. Eighty-five percent of the patients can be diagnosed 
preoperatively. 

The au-hors have demonstrated that Gram’s stains taken in- 
traoperatwvely were not helpful in making the diagnosis in the 
majority cf cases. What features intraoperatively should make a 
surgeon suspicious of the presence of an infected aneurysm? 

What a-e the authors’ current recommendations for the treat- 
ment of am infected infrarenal aortic aneurysm? Their paper sug- 
gests some hesitation in the adoption of in situ bypass grafting 
in these patients. This hesitation appears to represent a double 
standard as in situ bypass grafting is recommended by the au- 
thors for -he treatment of suprarenal infected aneurysms! Ad- 
mittedly, :n the latter situation other options for reconstruction 
are limited. It may be analogous to aortic valve replacement for 
subacute >acterial endocarditis. Were all patients with in situ 
grafting kept on long-term antibiotic therapy? 

Do the authors culture all their aneurysms? If so, when the 
results come back positive prior to the patient’s discharge do they 
do anything other than worry? It would be of great interest to 
know the fate of the patients in the aneurysm group who had 
colonization with organisms in this large series of 2009 patients. 
I believe that microbial arteritis with aneurysm formation is an 
increasing problem. This paper provides some insight into the 
management of these difficult cases. 
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Waıam H. Baker, MD, Maywood, Ill: Do your conclusions, as 
hedging as they are, apply to patients who have aortal enteric 
fistulas? Do these conclusions apply to those patients who have 
infected graft material in place? 

Victor M. BerNHarD, MD, Tucson, Ariz: I am not the least bit 
surprised that your Gram’s stains were frequently negative. We 
noted this in our series of routine artery cultures. Although the 
artery was culture positive, Gram’s stains were almost invariably 
negative. 

I am curious about the criteria that you used for selecting an 
in situ repair vs an extra-ar.atomicapproach. Since the suprarenal 
aortic problems pose grea-er difficulties, that may have been the 
reason for using the in situ reconstruction. 

There is increasing interest and enthusiasm for using in situ 
replacement for infected aortic grafts. The extent of débridement 
is probably the most important issue here. We found that ade- 
quate débridement is essential, especially at the point of the anas- 
tomoses and aortic stump closures. After resecting back to what 
looks like healthy arterial wall, we take another small piece for 
culture. Whether that cul-ure is negative or positive determines 
how long our antibiotic -herapy will be continued. When the 
culture is positive, we continue specific antibiotic therapy for 6 
months. 

Iam curious, as was th2 previous speaker, about your criteria 
for the duration of therapy. Our data would rather strongly sup- 
port the concept that if a positive arterial-wall culture is obtained 
after full débridement back to healthy tissue, this is the indication 
for long-term antibiotic therapy. With this regimen, we have con- 
sistently avoided seconcary breakdown of the sutured aortic 
stump or a reanastomosss. 

Davip L. Bouwman, MD, Detroit, Mich: Is there some room for 
earlier diagnosis in these patients? After all, these aneurysms 
were acquired as a result of the infection; fever, pain, and leu- 
kocytosis are pretty primitive symptoms. I suspect that these pa- 
tients were probably firs: admitted to general surgical services. 
Are you suggesting that we general surgeons need to tune up our 
index of suspicion for these aneurysms? 

Jerr Benner, MD, Detroit, Mich: In view of the high rate of early 
rupture in these aneurysms, do you recommend immediate op- 
eration when the patients are admitted or do you recommend a 
period of intravenous antibiotic therapy before patients undergo 
surgery? 

Dr Reppy: Dr Corson, the majority of these infected aneurysms 
were recognized preoperatively, which is fortunate because it 
creates fewer decision-making problems. “What do you do when 
you first suspect an infected aneurysm in the operating room?” 
is more difficult to answer. If there is gross purulence, we rec- 
ommend aneurysm resection, débridement of surrounding soft 
tissue, followed by extra-anatomic bypass after reprepping and 
draping the patient. We would prefer to have done the extra- 
anatomic bypass preoperatively had we suspected the infected 
aneurysm. 
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The slide is an operating room photograph of the retroperi- 
toneum of a patient following resection of an infected aneurysm. 
Months earlier, this man had a Pseudomonas thigh infection after 
a failed femoral popliteal bypass. A guillotine above-knee am- 
putation healed, and the patient was ambulatory on a prosthesis 
for 8 months, after which he returned with an abdominal aortic 
aneurysm. 

Although I was suspicious the etiology was Pseudomonas aor- 
titis leading to aneurysm because the Gram’s stains were neg- 
ative, an in situ graft was placed. The patient experienced no 
problems for 8 months and then developed a Pseudomonas- 
infected anastomotic false aneurysm. Marked retroperitoneal ad- 
enopathy, inflammation, and unusual aneurysmal morphologic 
features suggested an infected aneurysm. Had these prompted 
an extra-anatomic bypass, the complication of infected false an- 
eurysm could have been avoided. 

Routinely culturing aneurysms is appealing for two reasons. 
The first is an improved selection of antibiotics, which may differ 
from those chosen for prophylaxis, and the second is the inten- 
tion to lower the incidence of subsequent graft infections by iden- 
tifying grafts at risk. 

Several authors have tested the second hypothesis and have 
not been able to confirm a higher incidence of subsequent graft 
infections when aneurysms have had positive cultures. There- 
fore, we only culture ruptured aneurysms, in which cases we 
employ in situ grafting anyway but positive cultures refine post- 
operative antibiotic therapy. 

For the vast majority of patients with suprarenal aneurysm, the 
only practical approach is in situ grafting. When an infrarenal 
aorta is known preoperatively to be infected, we place an extra- 
anatomic bypass prior to celiotomy. If we do not know preop- 
eratively, then we will decide in the operating room, but usually 
choose an in situ graft if there is no gross purulence. 

Dr Baker, since we do not routinely culture aneurysms, I do 
not know the overall incidence of positivity in our practice. We 
administer antibiotics for 6 weeks following placement of an 
extra-anatomic bypass for this diagnosis and 6 months for an in 
situ graft, and then reculture. The same principles have been 
articulated by our colleagues Drs Elliott, Smith, and Szilagyi for 
the treatment of aortic-enteric fistulas and infected aortic grafts. 
I do not have any new light to shine on that subject today. 

Dr Bernhard, the criteria for placing an in situ graft are an- 
eurysm rupture, suprarenal location, or infrarenal aneurysm 
with minimal sepsis. Dr Bouwman, we vascular surgeons are 
general surgeons. Eight of these patients had been treated with 
antibiotics up to 3 months earlier on medical services for febrile 
gastrointestinal illnesses with positive blood cultures. Dr Bender, 
we recommend that operation be undertaken promptly and do 
not follow a prolonged preoperative antibiotic therapeutic reg- 
imen. 
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Dipyridamole Thallium Scanning in the Evaluation 
of Coronary Artery Disease in Elective 
Abdominal Aortic Surgery 


Dale J. Strawn, MD, James M. Guernsey, MD 


è Dipyridamole thallium scanning was routinely performed 
on 68 consecutive patients who presented for elective aortic 
surgery. All 68 patients were judged by clinical assessment 
to be at low risk for perioperative cardiac complications. In 
addition, 42 of 68 patients had a history of myocardial in- 
farction, stable angina, or abnormal echocardiographic find- 
ings (group 1). Twenty-six of 68 patients did not have a his- 
tory of myocardial infarction, angina, or abnormal 
echocardiographic findings (group 2). In group 1, 34 of 42 
patients had positive results on dipyridamole thallium scan- 
ning, and 15 of these patients were found to have critical 
coronary artery disease on subsequent cardiac catheteriza- 
tion; nine underwent immediate coronary artery bypass 
grafting, and six had their coronary artery disease treated 
medically and their vascular operations cancelled. The re- 
maining 27 patients in group 1 underwent elective opera- 
tions, with six (22%) of 27 sustaining postoperative cardiac 
complications. None of the group 2 patients was found to 
have critical coronary artery disease. All patients in group 
2 underwent aortic operation without cardiac complication. 
Routine dipyridamole thallium scanning detected a 22% (15 
of 68) incidence of critical coronary artery disease overall. 
There was a 36% (15 of 42) incidence of critical coronary 
artery disease in group 1 patients vs 0% in group 2 patients 
(95% confidence interval, 21% to 50%). We conclude that 
the use of dipyridamole thallium scanning in low-risk pa- 
tients for cardiac screening prior to elective aortic opera- 
tions is beneficial in selected patients who have a history of 
myocardial infarction, angina, or abnormal echocardio- 
graphic findings, but is not necessary in patients with no 
history of coronary artery disease. 
(Arch Surg. 1991;126:880-884) 


M ajor cardiac complications occur in up to 20% ** of pa- 

tients who undergo elective abdominal aortic opera- 
tions. Furthermore, cardiac disease is the most frequent 
cause of late mortality in these patients.*° In an attempt 
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to identify those who are at greatest risk of cardiac com- 
plicatiors, several methods of screening patients prior to 
elective operations have been used. History and physical 
examination, echocardiogram (ECG), stress testing, radio- 
isotope myocardial scanning, and coronary arteriography 
each play an important role, but a clear strategy that is 
cost/risk effective, sensitive, and specific has not been 
widely accepted. Recent reports have indicated that dipy- 
ridamole thallium scanning (DTS) may be a useful alter- 
native tc exercise imaging studies for the detection of cor- 
onary artery disease (CAD) and risk stratification.”*”*° 
Reversible defects on DTS have been shown to correlate 
with bota significant CAD and postoperative cardiac com- 
plications. However, there is continuing debate over who 
should be screened with DTS and whether all patients 
with a positive finding on DTS should be further evaluated 
with coronary angiography regardless of clinical symp- 
toms.'' This study was undertaken to prospectively eval- 
uate a screening strategy that routinely employed DTS. 
Coronary angiography was performed in all patients with 
a positive DTS finding prior to elective operations to doc- 
ument the anatomic extent of CAD in these patients. 


PATIENTS AND METHODS 

All patiznts admitted for elective abdominal aortic operations 
at the Veterans Affairs Medical Center, Martinez, Calif, between 
September 1987 and May 1990 were prospectively evaluated for 
participaton in the study. Each patient was evaluated for clinical 
evidence of CAD by the admitting physician and a cardiology 
consultant. This evaluation consisted of a history and physical 
examination, routine preoperative laboratory tests, ECG, chest 
roentgencgraphy, and aortic angiography with runoff. Patients 
with myocardial infarction (MI) within the previous 6 months, 
disabling or unstable angina classified as New York Heart As- 
sociation class 3 or greater,'* significant congestive heart failure, 
history of cardiac angioplasty, or coronary artery bypass grafting 
(CABG) within the past 6 months or with known significant val- 
vular disease were not considered eligible for the study because 
of the known association with increased risk of perioperative car- 
diac complications.’* Patients with large or expanding aneu- 
rysms or with limb-threatening ischemia were also excluded 
since these operations were not considered to be elective. 

Sixty-eight consecutive patients were identified who were el- 
igible for the study. Forty-two of the 68 patients had a history of 
one or mere of the following: an MI more than 6 months before 
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Table 1.—Patient Characteristics 


No. (%) of Patients 
ae ees 


Group 1 Group 2 
(n=42) (n= 26) 


67 (48-89) 64 (45-78) 
9 (21) 1 (4) 
25 (60) 8 (31) 
34 (81) 21 (81) 


Variable 
Median age, y (range) 
Diabetes mellitus 
Hypertension 
Smoking 


Goldman classification 
Class 1 23 (55) 22 (85) 


Class 2 17 (40) 4 (15) 
Class 3 2 (5) 0 


Indications for surgery 


Abdominal aortic aneurysm 13 (31) 12 (46) 
26 (62) 13 (50) 


3 (7) 0 


Occlusive disease 





Renal artery disease 


Table 2.—Results of Dipyridamole Thallium Scanning — 
(DTS) 







No. of Patients 











Group 1 
(n= 42) 





Group 2 
(n= 26) 





Negative 


Positive/no critical coronary 
artery disease 19 13 


Positive/critical coronary 
artery disease 


No. of Patients 
Aa 
Group 1 Group 2 
(n=27)* (n=26)* 


Complications 
Death 
Nonfatal myocardial infarction 


Ventricular tachycardia 
Congestive heart failure 





*n indicates the number of patients in each group undergoing 
operation. 


the current admission, stable angina (New York Heart Associ- 
ation class 1 or 2), or an abnormal ECG finding. The ECG finding 
was considered abnormal if there was evidence of a previous MI, 
conduction disturbance, frequent premature ventricular contrac- 
tions, or silent ischemia. Nonspecific ST-T wave changes were 
not considered to be evidence of an abnormal ECG finding. 
Twenty-six of 68 patients had no clinical evidence of prior MI, 
angina, or abnormal ECG findings. All patients were further clas- 
sified according to the Goldman multifactorial index of cardiac 
risk. 


Dipyridamole Protocol 
Each of the 68 patients underwent DTS testing’ following a 
standard protocol as described by Homma et al. 1° Dipyridamole 
thallium scanning was performed in coordination with the car- 
diology and nuclear medicine departments. Patients fasted the 
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morning of the procedure and stopped receiving aminophylline 
derivatives at least 48 hours in advance. Administration of long- 
acting aminophylline preparations was stopped for at least 
1 week before the test. Therapy with antihypertensive medica- 
tions was maintained. 

A 300-mg dose of dipyridamole was given orally at the start of 
the test. Forty-five minutes later, 92.5 to 125.8 MBq of thallium 
201 was given in a single-bolus intravenous injection. Anterior 
and left anterior oblique (42° and 70°) images were then obtained. 
Four hours after the single oral dose of dipyridamole, the anterior 
45° and 70° left anterior oblique projections were repeated. 


Interpretation of DTS 

The DTS results were considered positive if any of the follow- 
ing conditions were met: (1) the test demonstrated at least one 
area of myocardium corresponding to a reversible defect on de- 
layed thallium scanning, (2) the patient complained of chest pain 
during the DTS, or (3) there was evidence of myocardial ischemia 
on the continuous ECG monitoring on review by the consulting 
cardiologist.” 275 

Patients with negative DTS were not evaluated further. All pa- 
tients with a positive DTS result underwent cardiac catheteriza- 
tion. Right and left heart catheterization and assessment of left 
ventricle function were routinely performed. Patients with over 
70% stenosis in three or more coronary arteries or with single left 
main coronary artery disease were considered to have critical 
CAD. A preoperative screening strategy should only be em- 
ployed if a positive result produces a course of action that is sub- 
stantially different from a negative screening result. In this re- 
gard, cancellation of a needed vascular procedure or prophylactic 
CABG in patients with stable or asymptomatic CAD can only be 
justified when there is severe left main or three-vessel 
disease. 1"? Accordingly, critical CAD, not a positive DTS result 
or one- or two-vessel disease as demonstrated on coronary an- 
giography, was chosen as the end point for preoperative screen- 
ing. 

Patients were prospectively entered into the study on an intent- 
to-treat basis; that is, on admission to the study, aortic recon- 
struction was the planned procedure. Ultimately, after reviewing 
the preoperative evaluation and the aortogram, extra-anatomical 
bypass was performed on four patients (6%). 

All operations were performed with general/epidural anesthe- 
sia via a transabdominal approach. Routine intra-arterial mon- 
itoring, pulse oximetry, and central venous pressure monitoring 
was employed. Swan-Ganz catheter monitoring was used selec- 
tively. 

After surgery, all patients were monitored for life-threatening 
cardiac complications. These were defined as death secondary to 
cardiac disease, MI, unstable angina, congestive heart failure, 
pulmonary edema secondary to cardiac disease, or life- 
threatening arrhythmias (ventricular tachycardia, frequent pre- 
mature ventricular contractions, or new-onset heart block). 


Statistical Analysis 
Statistical analysis was performed using x° analysis with de- 
termination of 95% confidence intervals (CIs) according to the 
methods of Fleiss.”° 


RESULTS 
Patient Characteristics 

The 68 patients were stratified into two groups based on clinical 
evidence of CAD. Group 1 (n= 42) included patients with clinical 
evidence of CAD and group 2 (n= 26) included patients with no 
evidence of CAD. The associated risk factors in group 1 vs group 
2 were as follows: median age, 67 vs 64 years; diabetes mellitus, 
21% vs 4%; hypertension, 59% vs 31%; and smoking, 81% vs 81% 
(Table 1). The Goldman classifications in group 1 vs group 2 were 
as follows: class 1, 55% vs 85%; class 2, 40% vs 15%; and class 
3, 5% vs 0% (Table 1). The indications for operation in group 1 
vs group 2 were as follows: abdominal aortic aneurysm, 31% vs 
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46%; claudication, 62% vs 54%; and renal artery disease, 7% vs 
0% (Table 1). 


Outcome Group 1 

Thirty-four of 42 group 1 patients had positive DTS results and 
underwent coronary angiography, which demonstrated critical 
CAD in 15 patients, of whom nine underwent immediate CABG 
and six were treated medically and their aortic operations were 
cancelled (Table 2). 

The remaining 19 group 1 patients with positive DTS results 
had noncritical CAD on coronary angiography and underwent 
elective surgery. Fifteen patients had aortic operations, one had 
a combined aortic/renal artery bypass, and three had extra- 
anatomic bypass. Two of these 19 patients had nonfatal post- 
operative cardiac complications, of which one was nonfatal MI, 
and one was an episode of pulmonary edema secondary to con- 
gestive heart failure (Table 3). 

The remaining eight group 1 patients had no reversible defects 
on DTS and their scans were interpreted as negative in accor- 
dance with the protocol established before starting the study — 
four were completely normal and four had evidence of fixed but 
not reversible defects. These eight patients underwent elective 
operations without preoperative coronary angiography; five had 
aortic operations, one had a combined aorto/renal artery bypass, 
one had isolated renal artery bypass, and one had an extra- 
anatomic bypass. Four of these eight patients had postoperative 
cardiac complications: of which one had nonfatal MI, one had 
ventricular tachycardia, and two had fatal episodes of cardiogenic 
shock (Table 3). 


Outcome Group 2 

Twenty-six patients had no clinical evidence of CAD (group 2). 
All underwent DTS and there were 13 positive and 13 negative 
DTS results. All 13 patients with positive DTS results underwent 
coronary angiography that did not reveal critical CAD (Table 2). 

All 26 group 2 patients underwent elective operations, of which 
23 were aortic and three were combined aortorenal artery by- 
passes. There were no postoperative cardiac complications (Table 
3). 

Overall, there was a 22% incidence (15 of 68) of unsuspected 
critical CAD detected with the screening strategy of routine DTS 
followed by coronary angiography when the DTS was positive 
(Table 2). Patients with a history of MI, angina, or an abnormal 
ECG finding (group 1) had a 36% incidence of unsuspected CAD, 
compared with a 0% incidence in patients with no history of MI, 
angina, or abnormal ECG finding (group 2). This difference is 
highly significant (P<.005) with a 95% CI of 21% to 50% (Table 
2). The CI for the difference between the proportion of group 1 
and group 2 patients who had critical CAD is well above zero and 
therefore significantly excludes the possibility of no difference 
between group 1 and 2 patients. 


COMMENT 

There are two important results of this study. First, despite 
clinical screening to exclude high-risk patients, there was a 22% 
incidence of unsuspected critical CAD. This is similar to the 30% 
incidence of severe CAD in peripheral vascular patients reported 
by Hertzer and colleagues“ in 1984. In that study, routine cor- 
onary angiography was used to detect critical CAD. 

While it has been argued by Brown et al** and others that rou- 
tine determination of the extent of CAD in low-risk patients is 
not necessary since it is unlikely to result in improved operative 
outcome, and the risks of coronary angiography and prophylactic 
CABG outweigh the potential benefit, our results would suggest 
otherwise. The significant incidence of unsuspected critical CAD 
in our study combined with the reported decreased cardiac mor- 


+ ‘tality when noncardiac operations are preceded by CABG in pa- 

: tients with critical CAD, °? suggests that cardiac screening to 

A i detect the extent of CAD is beneficial. The 15 patients in this study 
_ = whodwere found to have critical CAD as a result of DTS screening 
-. represented 36% of the group of patients with a history of CAD. 
< ` Since these patients had no other indication for coronary angiog- 
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raphy besides the positive DTS, the critical CAD in these patients 
would not have been detected if the DTS had not been performed. 

The second important result of the present study is that the inci- 
dence ofcritical CAD was restricted to patients who had a history 
of MI, angina, or an abnormal ECG. Patients with one or more 
of these clinical indicators had a 36% incidence of critical CAD 
compared with a 0% incidence when none of these clinical in- 
dicators was present. This difference was highly significant. 
While the incidence of critical CAD in patients with no history 
of CAD s not likely to be zero, it does appear to be exceedingly 
low. 

This fmding is also consistent with the observations of other 
investigators who have found that clinically stable or asymptom- 
atic patients with a history of CAD have a significantly increased 
incidence of fatal and nonfatal perioperative cardiac events than 
patients with no history or evidence of CAD. *42-18.25 Our results 
indicate that the high incidence of unsuspected critical CAD in 
these pa-ients may be partly responsible for this increased com- 
plication rate. 

The 0% incidence of detected critical CAD in patients with no 
evidence by history or physical examination of angina, previous 
MI, or anormal ECG indicates that routine preoperative screen- 
ing employing DTS is unnecessary in this group of patients. In- 
variably, patients without evidence of CAD by history, physical 
examina ion, or ECG had a negative DTS; if the DTS was positive, 
subsequent coronary angiography revealed noncritical CAD. We 
therefore conclude that a preoperative screening strategy em- 
ploying DTS before elective abdominal aortic operations should 
be used enly selectively in patients with a history of MI, angina, 
or an abnormal ECG. These findings confirm the studies by Eagle 
et al,‘°* who also suggested that only patients with clinical ev- 
idence oi CAD need further preoperative risk stratification with 
DTS. 

A word of caution should be noted concerning DTS testing in 
patients with clinically stable or asymptomatic CAD. Of 42 pa- 
tients wich clinically stable or asymptomatic CAD (group 1), 27 
eventual y had operations. Eight of these 27 patients had negative 
DTS results; four of these eight patients had major postoperative 
cardiac complications, two of which were fatal. The remaining 
19 group 1 patients who had operations had positive DTS results 
and nonaitical disease on cardiac catheterization. However, two 
of 19 patænts still had postoperative cardiac complications, nei- 
ther of waich were fatal. A total of six (22%) of 27 group 1 patients 
who had operations had postoperative cardiac complications. 

One pessible explanation has to do with the interpretation of 
the thalliam scan. In this study, only reversible defects on thal- 
lium scar were considered indicative of a positive result. This is 
the only -hallium scan abnormality that has been shown to cor- 
relate with adverse myocardial events postoperatively, and it is 
the meth od that has been best studied and validated by previous 
clinical irvestigations.**”*7”8 Recently, however, it has been 
found that some areas of nonreversible, or “fixed,” myocardial 
defects om DTS actually represent areas of viable myocardium and 
not scar. McEnroe et al,” have also reported that 46% of all 
postoperative cardiac complications in their series occurred in 
patients with fixed, but no reversible, defects on DTS. How com- 
mon this phenomenon is remains unknown, but it can be a sig- 
nificant Cause of false-negative results. In the current study, all 
four group 1 patients who had postoperative cardiac complica- 
tions had fixed but no reversible defects on the screening DTS. 

It may be argued that the explanation for the false-negative rate 
noted in eur study is that oral rather than intravenous dipyrida- 
mole was used and that orally administered dipyridamole is less 
predictaHle than intravenous dipyridamole in producing a sat- 
isfactory stress thallium imaging study. However, studies to date 
have failed to demonstrate that intravenously administered dipy- 
ridamole is more sensitive or specific than orally administered 
dipyridamole in the DTS test.’°*° Furthermore, numerous re- 
ports have indicated that orally administered dipyridamole is an 
effective pharmacologic agent for myocardial stress 
imaging. °°°°? Newer agents such as intravenous adenosine 
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diphosphate” are promising, but to date there has been no direct 
comparison with oral dipyridamole to determine which method 
is more sensitive and/or specific. Therefore, it is unlikely that 
performing the DTS with orally administered dipyridamole could 
account for this high incidence of false-negative test results. 

Finally, the false-negative results may be due to the nature of 
the hemodynamics involved with the DTS test itself. Dipyrida- 
mole thallium scan imaging is based on relative coronary flow 
inequalities during dipyridamole-induced coronary vasodila- 
tion.'° If there is left main or diffuse, global CAD with a global 
decrease in myocardial perfusion, dipyridamole-induced reac- 
tive flow irregularities may be difficult to detect. This may then 
result in false-negative results. 

Further refinements of pharmacologic stress imaging including 
quantitative DTS,*° single photon emission computed tomogra- 
phy thallium scanning,”* or the reinfusion of a second dose of 
thallium’ may help ie solve this problem. However, further re- 
search will be necessary to prospectively validate these screening 
strategies before any of these refinements can be adapted to stan- 
dard clinical practice. 

In summary, unsuspected critical CAD remains a significant 
problem in vascular patients. Despite low-risk stratification by 
clinical assessment alone, routine preoperative screening with 
DTS detected a 22% (15 of 68) incidence of critical CAD. Fur- 
thermore, critical CAD was significantly more common in pa- 
tients with a history of CAD in whom there was an incidence of 
36% (15 of 42) compared with 0% in patients with no history of 
CAD (P<.005; 95% CI, 21% to 50%). 

We conclude that the use of DTS for cardiac screening prior to 
elective aortic operations is a useful adjunct to detect unsuspected 
critical CAD in selected low-risk patients who have a history of 
MI or angina, or an abnormal ECG finding. However, preop- 
erative DTS does not appear necessary in patients with no history 
of CAD. 
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Discussion 

A.Bert D. HALL, MD, Greenbrae, Calif: Drs Strawn and Guern- 
sey have designed and conducted an important study that is 
meant to test their thesis that DTS coupled with history and phys- 
ical examination is cost/risk-effective, sensitive, and specific in 
detecting critical CAD in patients undergoing elective abdominal 
aortic operations. 

As a disciple of the late J. Englebert Dunphy, I frequently refer 
my students to his text The Physical Examination of the Surgical 
Patient, where he reminds us that the disease produces a clinical 
profile, a concept that you have again validated by showing that 
their asymptomatic class 2 patients are free of critical coronary 
stenosis. At the 1969 Dallas (Tex) meeting of the Western Surgical 
Association, I presented our abdominal aortic aneurysm elective 
resection series and showed a 4% mortality rate in that series 
whose selection had been based on clinical criteria only. 

Our attention in this article is focused on your class 1 patients 
with clinical manifestations of CAD. Just how sensitive and how 
specific is the oral dipyridamole thallium study? I am concerned 
that you did not perform coronary arteriography on eight of your 
class 1 patients because they had negative thallium studies; yet, 
of those eight patients, four had major postoperative cardiac com- 
plications. The implication then is that your study has demon- 
strated that clinical criteria may very well be an indicator for ad- 
vocating more willingness to proceed directly to coronary 
arteriography if the clinical profile indicates such. 

The sensitivity and specificity of the dipyridamole thallium 
study may be affected by the method that is used, and there is 
some controversy about that. I would like to ask you if, from your 
review of the literature, you can tell us about the false-negative 
results that might occur when using the oral technique vs the IV 
percent and method. 

In our community, unpublished work conducted on about 30 
patients demonstrated that the oral technique has problems with 
regard to timing of the study as well as the validity of the actual 
consumption of the agent by the patient. Factors such as the pa- 
tient showing up at the laboratory having had a cup of coffee in 
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the morring might affect the validity of the study. I am interested 
in knowmg whether the IV percent might add another element. 

In our community we look on the exercise treadmill as being 
the best screening technique for identifying different CADs. 
Howeve:, I must reemphasize that I am impressed that the clin- 
ical critenia are really the bottom line here. The question then is: 
How do your results affect your threshold of suspicion and your 
criteria fer obtaining coronary arteriography? 

Mark A. Levison, MD, Detroit, Mich: I have two questions: 
(1) Were -hese patients evaluated before surgery by a cardiologist, 
and did that cardiologist believe that the patient would have sig- 
nificant cisease when studied by angiography? (2) Do you have 
any comments on whether this information should be general- 
ized to the patient undergoing major nonvascular procedures but 
with a history of MI or occasional angina or the things that were 
mentioned? 

GERALL B. ZELENOcK, MD, Ann Arbor, Mich: All of us who deal 
with patents with vascular disease recognize that CAD is the 
major determinant of perioperative and long-term mortality. A 
number ef diagnostic tests have been proposed to screen for oc- 
cult, but significant, coronary lesions. Many of these screening 
tests willrequire coronary angiography if results are positive, but 
are themselves rather expensive. 

Given that a third of your patients in this study required cor- 
onary anziography based ona positive thallium scan finding and 
an additional 10% of those with a negative scan finding had a 
significamt perioperative coronary event, one wonders if one 
should nət skip the “screening test,” and go directly to coronary 
angiogra hy in the group that has already been identified as hav- 
ing a his-ory of a significant coronary event. 

Whatis the point of screening for CAD when you already know 
that itis taere? The critical question being asked is how significant 
that disease is to the outcome of the surgery? It seems to make 
sense thet in that population, one might skip the screening test 
and go directly to the more definitive test. 

Dr Guernsey: Dr Hall, we did review the literature carefully. The 
persantire-thallium scan is interpreted and done in various 
ways. We were unable to establish any significant difference be- 
tween th oral and the intravenous method. It is particularly in- 
teresting that the blood levels are about the same despite the 
method cfits administration. Most of our patients cannot exercise 
because ef claudication, and we cannot get them up to the ap- 
propriate degree of exercise so that they get the necessary cor- 
onary diktation. 

Dr Lev'son, a cardiologist did see all these patients and thought 
them to te at low risk. I must say that I am starting to and I think 
that we will see it develop more and more. 

Dr Zelenock, based on this study, we can skip the DTS test in 
patients who have a clinical history of CAD and proceed to per- 
form corenary angiography. 
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© Preoperative irradiation improves both the resectability 
and curability of carcinoma of the pancreas head area and 
should improve patient survival. We retrospectively inves- 
tigated the value of preoperative irradiation in preventing 
pancreatic fistula fermation. Of 76 consecutive patients 
who underwent pancreaticojejunostomy by mucosa-to- 
mucosa anastomosis with a stent catheter after pancre- 
atoduodenectomy, 22 had received preoperative irradia- 
tion. The irradiation field included the anastomotic site. In 
two patients, accidental dislocation of the stent catheter was 
the apparent cause of fistula formation, but the other 21 
patients in the irradiated group developed no fistula. In con- 
trast, nine (17%) of 53 patients in the nonirradiated group 
developed fistulas. Im the irradiated group, preoperative se- 
lenomethionine Se 75 scintigraphy revealed a cold area cor- 
responding to the pancreas body, which was included in the 
irradiation field. Thus, a putative decrease in exocrine func- 
tion at the pancreatic anastomotic site could explain why 
fistula formation was prevented by preoperative irradiation. 
(Arch Surg. 1991;126:885-8389) 


Prancreatoduodenectomy (Whipple’s procedure) has 
been the standard operation for resectable tumors of 
the pancreas head area. Although the postoperative mor- 
tality has decreased below 10% in recent years,’ pancreatic 
fistula remains the most common and troublesome com- 
plication.* Once pancreatic juice leaks into the abdominal 
cavity, the fistula is not easily closed and sometimes pen- 
etrates into neighboring organs, including the bowel and 
major vascular vessels. According to Lerut et al,* six (40%) 
of 15 patients with pancreatic fistula formation died of the 
massive hemorrhage or severe infection. 
To prevent this life-threatening complication, a variety 
of metheds have been advocated for achieving a tight 
anastomosis between the transected pancreas and the je- 
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junum. The incidence of pancreatic fistula formation has 
been reported to be 22% to 50% for the ligation method,*® 
13% to 36% for the invagination method with a stent,” 
and 7% to 18% for mucosa-to-mucosa anastomosis with a 
stent.” Accordingly, we consider the third method to be 
the best, and its success is presumably based on its ef- 
fectiveness in draining the pancreatic juice from the main 
pancreatic duct (MPD). However, many branching ducts 
near the transected end are separated from the main duct 
and left with no outflow tract in this procedure. The total 
volume of pancreatic juice flowing through these branches 
is not great, but we suspect it may act as the initial trigger 
causing fistula formation, because such juice comes into 
direct contact with the anastomosis. According to this hy- 
pothesis, to improve the results with mucosa-to-mucosa 
anastomosis, it is necessary to reduce pancreatic exocrine 
function in the vicinity of the transected end. 

It is well known that exocrine pancreatic acinar cells are 
more radiosensitive than either islet or ductal cells. Since 
Culler’s initial report® in 1920, there have been other 
reports” '' of pancreatic fistulas successfully treated by ex- 
ternal beam therapy. However, there are few reported 
cases in which a pancreatic fistula developing after Whip- 
ple’s procedure was cured by irradiation therapy. At our 
institution, for the initial purpose of increasing both the 
resectability and curability of carcinoma of the pancreas 
head area, preoperative irradiation before Whipple’s pro- 
cedure was initiated in 1983. As a result, besides the ex- 
cellent anticancer effect reported previously, !™!° we also 
recognized that pancreatic fistula was rare in patients who 
had received preoperative irradiation. In these patients, 
the body of the pancreas had been irradiated preopera- 
tively at the site used for anastomosis with the jejunum. 
Accordingly, a retrospective review was performed to elu- 
cidate the effect of preoperative irradiation in preventing 
pancreatic fistula. 


PATIENTS AND METHODS 
Between 1983 and 1988, a total of 76 patients underwent pan- 
creatoduodenectomy (Whipple’s procedure) at The Center for 
Adult Diseases, Osaka (Japan). They all had elective surgery un- 
der favorable preoperative conditions. In all cases, the following 
criteria were satisfied: serum albumin level, greater than 25 g/L; 
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Jejunum 


Fig 1.—Anastomotic procedure. The cut end of the pancreas is anas- 
tomosed end to side with the jejunum, and a long main pancreatic 
duct catheter is used. a, Duct-to-mucosa anastomosis (inner layer). 
b, Anastomosis between the cut surface of pancreas and the sub- 
serosal layer of the jejunum (outer layer). c, Pursestring suture 
around the main pancreatic duct catheter. d: Main pancreatic duct 
catheter is ligated on the pancreatic duct. 


serum total bilirubin level, less than 171 pmol/L; red blood cell 
count, greater than 2.8 x 10’7/L; and white blood cell count, be- 
tween 3.5 and 12.0 x 10°/L. At operation, the transected end of 
the pancreas was anastomosed end to side with the jejunum, by 
using a modification of the mucosa-to-mucosa anastomosis 
method with a stent (Fig 1). In brief, a 5-mm length of the MPD 
was freed from the glandular tissue, and a radiopaque catheter 
(MPD catheter; Sumitomo Medical Co Ltd, Akita, or Create Medic 
Co Ltd, Yokohama, Japan) was inserted into the duct. Its diam- 
eter was chosen so as not to occlude the branching ducts. This 
catheter was ligated with the MPD (d in Fig 1), passed once into 
a small opening in the jejunum, and introduced out the abdom- 
inal wall. Anastomosis was performed between the MPD and the 
jejunal mucosa around the small jejunal opening (a in Fig 1). 
Thereafter, the small opening in the jejunum was closed by a 
pursestring suture over the MPD catheter (cin Fig 1). The cut end 
of the pancreas was anastomosed to the subserosal layer of the 
jejunum (b in Fig 1) with interrupted nylon sutures, and two 
drains were placed around the anastomotic site. 

Of the 76 patients in our series, 22 received preoperative ir- 
radiation (10-mV x-ray: 50 Gy, 25 fractions, 5 weeks) to the field 
shown in Fig 2. The common hepatic duct was the upper margin, 
the inferior border of the duodenum was the lower margin, 
the right border of the duodenum was the right margin, and 2 to 
3 cm outside of the aorta was the left margin. This field was ar- 
ranged on the basis of the operative procedure where irradiated 
gastroduodenal tract was removed completely, while the irra- 
diated pancreatic body was left and anastomosed to the jejunum. 
About 30 days after the final treatment, pancreatoduodenectomy 
was done. In the other 54 patients, preoperative irradiation was 
not performed. 

Postoperatively, serial determinations of amylase level were 
made, by means of an enzyme method, for serum, urine, the fluid 
collected from the two drains, and the pancreatic juice that was 
obtained from the MPD catheter. In the present study, based on 
the finding that pancreatic juice collected from the MPD catheter 
always had an amylase level above 2000 U/L, pancreatic fistula 
was diagnosed when the amylase level in the drainage fluid 
stayed above 2000 U/L for more than 1 week. In patients with a 
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Fig 2.— The field of preoperative irradiation, enclosed by a broken 
line. The shaded area represents the organs resected by pancre- 
atoduoacenectomy. The cut end of the pancreas is irradiated pre- 
operativ2ly, and it is anastomosed to the jejunum. 


diagnosis of pancreatic fistula, ductography via the MPD catheter 
and fistulography via the drains were performed. A major fistula 
was defned as one in which bile juice was observed in the fluid 
from the drains around the anastomotic site or one in which fis- 
tulography revealed that the fistula communicated with the je- 
junal lumen at the anastomotic site. A minor fistula was defined 
as one without either of these findings. 

In every case, the original site of the tumor and the diameter 
of the MPD and the extent of interstitial fibrosis (acinar cell at- 
rophy) et the resected margin were determined. Postoperatively, 
the daily output of pancreatic juice from the MPD catheter was 
measured. In patients undergoing preoperative irradiation, se- 
lenomethionine Se 75 scintigraphy was performed before and 
after (immediately before surgery) irradiation. 


RESULTS 

Since no patient died of other complications in the first 
30 postoperative days, data for all 76 patients were used 
for the present evaluation. Table 1 shows the background 
factors in the patients with or without preoperative irra- 
diation. The extent of preoperative complications, such as 
obstructive jaundice, diabetes mellitus, and serum amy- 
lase level elevation, did not differ between the two groups. 
The diameter of the MPD, the original site of the tumor, 
and the extent of interstitial fibrosis did not differ between 
the grcups. 

Table 2 shows the incidences of pancreatic fistula for- 
mation Without a preceding minor fistula, a major fistula 
developed in two patients immediately after the MPD 
catheter was accidentally dislodged. Preoperative irradi- 
ation had been performed in one but not in the other. The 
incider-ce of major fistula without preceding minor fistula 
did not differ significantly between the two groups (5% vs 
2%). Manor fistula was seen in nine patients (17%) who did 
not have preoperative irradiation but did not occur in the 
patients receiving preoperative irradiation (P<.05). In 
these nine patients, at the time when minor fistula was 
diagnosed, neither occlusion nor dislocation of the MPD 
catheter was observed. Also, there was no radiologic ev- 
idence that either the pancreatic duct or the jejunal lumen 
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was communicating with the abdominal cavity, and these 
patients’ serum and urinary amylase levels were within 
the normal range. Three of these nine patients went on to 
develop major fistulas. 

Of the 11 patients with major or minor fistulas, five pa- 
tients were successfully treated conservatively, with an- 
tibiotics and intravenous hyperalimentation without oral 
intake. The other six patients developed further compli- 
cations and required urgent surgery (Table 3). The two 
patients with major fistulas alone developed peritonitis, 
one of the three patients who developed major fistulas 
after minor fistulas suffered hemorrhage from the splenic 
artery, and three of the six patients with minor fistulas 


Table 1.—Patient Characteristics of the Groups With 
and Without Preoperative Irradiation 


Preoperative Irradiation 












Background No Yes 
Factor (n=54) (n=22) 


62+10 64+7 













Age, y 


Sex, No. M/F 32/22 13/9 
Obstructive jaundice, No. (%) 34 (63) 15 (68) 
Diabetes mellitus, No. (%) 12 (22) 6 (27) 
Amylase elevation, No. (%) 9 (17) 4 (18)* 
Pancreatic tumor, No. (%) 28 (52) 12 (55) 
MPD dilation,t No. (%) 12 (22) 3 (14) 


10 (19) 


*Amylase level elevation was not caused by irradiation. 
tThe main pancreatic duct (MPD) was 4 mm or more in diameter. 
+Acinar cell atrophy was severe and fibrosis was prominent. 





Fibrotic pancreas,# No. (%) 4 (18) 





Table 2.—Incidence of Pancreas Fistula Formation in 
Patients With or Without Preoperative Irradiation* 


Preoperative Irradiation, 
No. (%) 


Fistula No Yes 
Formation (n=54) 
Major 
Minor progressing to major 
Minor 


*P<.05 for minor and minor progressing to major combined, no 
irradiation vs irradiation 


alone developed hemorrhage or peritonitis. Two patients 
who had developed arterial hemorrhage during minor fis- 
tula formation died of multiple-organ failure after total 
pancreatectomy. However, in the other four patients, the 
fistula was successfully treated by reoperation. 

Table 4 shows the incidence of minor fistula compared 
with preoperative complications and some indicators of 
exocrine pancreatic function. Among the 53 assessable 
cases without preoperative irradiation, neither obstructive 
jaundice nor diabetes mellitus was related to minor fistula 
formation. However, minor fistula was more likely to oc- 
cur in patients with a nonpancreatic tumor (P<.05), anon- 
fibrotic pancreas at the anastomotic site, or an MPD di- 
ameter of less than 4 mm. However, in the preoperative 
irradiation group, minor fistula formation did not occur 
even in patients with a nonfibrotic pancreas, a nonpan- 
creatic tumor, or a narrow MPD. 

In nine patients with preoperative irradiation, seleno- 
methionine Se 75 scintigraphy was performed twice, be- 
fore irradiation and immediately before operation (Fig 3). 
After irradiation, the selenomethionine uptake was sig- 
nificantly decreased in the area corresponding to the body 
of the pancreas but was not decreased in the tail of the 
pancreas (Table 5). The pancreatic body changed from hot 
to intermediate in two cases, from hot to cold in one case, 
and from intermediate to cold in four cases. The daily 
amount of pancreatic juice discharge from the MPD cath- 
eter was compared between the two groups. The maxi- 
mum daily output during the first 10 postoperative days 
was 190=120 mL/d in the nonirradiated group and 
133+108 mL/d in the irradiated group. 


COMMENT 


Pancreatic fistula is a common complication of trauma, 
pancreatitis, pseudocyst, and pancreatic resection.'* Its 
extent varies from leakage of pancreatic juice alone” to the 
concomitant leakage of bile and/or succus entericus. '* Our 
study was limited to fistula formation from the anasto- 
motic site of pancreaticojejunostomy where the jejunum 
breakdown is most likely to occur. Among a variety of 
methods of pancreaticojejunostomy, the method of 
mucosa-to-mucosa anastomosis with a stent has been con- 
sidered as having the least incidence of fistulization.’*7 
This is the reason why mucosa-to-mucosa anastomosis 
was used for all of our 76 patients. Technically, this 
method needs two layers of anastomosis: one between the 
MPD and the jejunal mucosa with the aid of a stent catheter 
(inner layer, a in Fig 1), and the other between the cut 


Table 3.—Outcome in Six Patients Who Underwent Urgent Surgery for Complications of Pancreas Fistula 


Patient/ of and 


Complications* 


1/69/M 
2/57/Mt 
3/68/F 
4/59/M 
5/55/M 
6/64/M 


Pancreas 
Pancreas 
Papilla of Vater 
Bile duct 

Bile duct 
Gallbladder 





Major (5), peritonitis (5) 

Major (6), peritonitis (9) 
Minor, major (8), bleeding (11) 
Minor, bleeding (15) 

Minor, bleeding (8) 


Minor, peritonitis (9) 


Fistula Formation 


2nd 
Procedure* 


Drainage (7) Recovered 
TP (10) 
TP (11) 
TP (28) 
TP (9) 


Drainage (10) 


Recovered 
Recovered 

Death from MOF# 
Death from MOF 
Recovered 


*Postoperative days are given in parentheses. TP indicates total pancreatectomy. 


tPreoperative irradiation was done. 
+MOF indicates multiple-organ failure. 
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surface of the remnant pancreas and the subserosal layer 
of the jejunum (outer layer, b in Fig 1). Thus, we should 
consider that both inner and outer layers of anastomosis 
were broken down if the concomitant leakage of bile 
and/or succus entericus (major fistula) was detected post- 
operatively. Conversely, it should be considered that only 
the outer layer of anastomosis was defective if leakage of 
pancreatic juice alone (minor fistula) was observed. In the 
present results, there were only two major fistulas (18%) 
without a preceding minor fistula, and accidental dislo- 
cation of the MPD catheter was the probable cause in these 
two cases. All of the other nine patients (82%) developed 
minor fistulas, including three who progressed to have 
major fistulas, despite the fact that the MPD catheter was 
still situated in the MPD and draining well. Therefore, it 
is most important to eradicate the trigger factors causing 
minor fistula, since it comprises the majority of pancreatic 
fistulas. 

Papachristou and Fortner’ reported that patients who 
had a dilated pancreatic duct were less predisposed to (mi- 
nor) fistula formation than patients with nondilated ducts. 


Table 4.—Incidence of Minor Fistula Formation in 
Relation to Patient Characteristics* 


Preoperative 
Irradiation, 


Preoperative Complication and 
Exocrine Pancreas Function 


Obstructive jaundice 


Diabetes mellitus 


Original site of tumor 
Pancreatic 


Nonpancreatic 


Severely fibrotic pancreas 


Diameter of MPD 
=>4mm 


<4 mm 


*NS indicates not significant; MPD, main pancreatic duct. 





Aston and Longmire” ® reported that pancreatic fistula was 
less common in patients with long-standing obstruction of 
the pancreatic duct and chronic pancreatitis. This ten- 
dency was also seen among our 54 cases without preop- 
erative irradiation (Table 4). Minor fistula was not seen at 
all in cur 21 cases with preoperative irradiation, despite 
the fac that there was no difference in the incidence of 
dilatedpancreatic duct, acinar cell atrophy, or site of tumor 
origin Detween the two groups. For this reason, seleno- 
methicnine scintigrams revealed an area of significantly 
reduced uptake that corresponded to the region of the 
body ct the pancreas receiving preoperative irradiation. 
No red_iction of uptake was observed in the pancreatic tail, 
where preoperative irradiation had not been performed. 
It is weil accepted that selenomethionine uptake indicates 
the synthesis of pancreatic enzymes,” and McCready”® 
considered it useful in the evaluation of cases of suspected 
chronic pancreatitis where other tests had failed to prove 
the presence of this disease. These data lead us to consider 
that preoperative irradiation had decreased the exocrine 
pancreatic function at the pancreatic anastomotic site and 
the pamcreas region adjacent to this site. If this was the 
case, a significantly decreased volume of pancreatic juice 
would zome in direct contact with the anastomotic aspect. 
This, then, may be the main reason why minor fistula was 
not seen in the irradiation group. 

Ther2 have been some previous reports of external beam 
therap~Y for pancreatic fistula. However, few of them were 
fistulas arising after pancreaticojejunostomy, and the 
safety end reliability of this therapy have not been clarified 
yet. External beam therapy for a fistula arising from the 
anastomotic site after pancreaticojejunostomy may neces- 
sitate Concomitant irradiation of the jejunal stump. This 


Table 5.— Changes in Appearance of the Body of the 
Pancreas on Radioisotope Scanning 





Before After 
Appearance Irradiation Irradiation* 
Hot 3 (33) 
Intermediate 4 (44) 
Cold 2 (22)t 
*Immediately before pancreatic resection. 
TP<.C. 


Fig 3.—Se/enomethionine Se 75 scintigraphy to show the decreased uptake in the region corresponding to the body of the pancreas. Left, 


Before irradiation. Right, After irradiation. 
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may inhibit healing of the fistula and promote jejunal sep- 
aration. In addition, according to the experimental study 
of Ahmadu-Suka et al,’” it took more than 90 days to de- 
stroy exocrine pancreatic function after radiation doses of 
17.5 to 32.5 Gy weregiven. For example, Hishikawa et al”! 
reported a case in which a fistula was closed 5 months after 
irradiation. A third problem is that acute pancreatitis may 
be induced by the irradiation." Manabe et al’? reported 
a case of postoperative acute pancreatitis that was prob- 
ably caused by intraoperative irradiation (30 Gy) to the 
remnant pancreas. For these reasons, the use of irradiation 
for pancreatic fistulas might be accompanied by a number 
of dangers. 

Finally, Pilepich and Miller’? reported that preoperative 
irradiation increased the resectability of pancreatic carci- 
noma that had previously been considered either nonre- 
sectable or of borderline resectability. In our previous re- 
port,” the anticancer effect of preoperative irradiation was 
significant, particularly at the margin of the cancer (ad- 
vancing point of carcinoma). However, it has also been 
shown that radiosensitivity is less in cases in which 
chronic pancreatitis:coexists with cancer. *° Therefore, par- 
ticularly for patients without chronic pancreatitis, preop- 
erative irradiation is beneficial not only in preventing post- 
operative fistula formation but also in improving 
resectability and curability. 
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Pharmacokinetics of Ceiazolin Applied 
Topically to the Surgical Wound 


Kurt J. Matushek, DVM, MSc, Eberhard Rosin, DVM, PhD 


è Topical application of antibiotics is used in the prophy- 
laxis of postoperative surgical infections. However, whether 
topically applied antibiotics remain primarily in the surgical 
wound fluid or are systemically absorbed is uncertain. The 
pharmacokinetics of topically applied cefazolin were stud- 
ied in a canine model that allowed simultaneous determi- 
nation of serum and wound fluid antibiotic concentrations. 
Topical administration of cefazolin resulted in high antibi- 
otic concentrations in the wound fluid for prolonged periods 
and rapid systemic absorption. Bioavailability after topical 
administration was 95%. Within 1 hour, the serum concen- 
trations after topical administration equaled the serum con- 
centrations after intravenous administration, and the con- 
centration time curves declined in parallel. In wound fluid, 
the mean time above the susceptibility break point minimum 
inhibitory concentration after topical administration of ce- 
fazolin was 5.76 hours compared with the estimated time 
above the minimum inhibitory concentration of 2.55 hours 
after intravenous administration. 
(Arch Surg. 1991;126:890-893) 


T he use of antibiotics in the intraoperative and peri- 
operative period as prophylaxis against infection has 
been well established.* Topical application of antibiotics, 
in particular, has been shown both clinically and exper- 
imentally to result in significantly reduced wound infec- 
tion rates,** and, in many instances, the reduction in in- 
fection rates after topical application of antibiotics is 
similar to that achieved by parenteral administration.** 
The mechanism by which a topically applied antibiotic ex- 
erts its effects, however, is not clear. Some investigators 
have stated that topical antibiotics act primarily through 
a local effect, with high concentrations of antibiotics de- 
livered directly to the site of microbial contamination.” 
Others have measured serum levels after topical admin- 
istration of antibiotics, found them to be above the min- 
imum inhibitory concentration (MIC) of known patho- 
gens, and concluded that topical antibiotics act by systemic 
absorption and redistribution to the surgical wound.°*!”" 
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A combination of these mechanisms may also be in- 
volved '* 

Investigators have measured serum antibiotic concen- 
trations after topical administration®'’'* or have mea- 
sured fissue levels.'*’'* However, the simultaneous mea- 
surement of serum and wound fluid antibiotic concen- 
trations after topical administration has not been reported, 
to our Knowledge. The purpose of this study was to mea- 
sure serum and wound fluid concentrations of cefazolin 
appliec topically to the surgical site to determine both the 
local ccncentration of antibiotic in the wound and the rate 
and extent of systemic absorption. A canine surgical 
wound model was developed to obtain wound fluid after 
closure of the incision. Serum concentrations of cefazolin 
were measured after intravenous administration in a se- 
ries of patients for comparison and to allow determination 
of bioavailability. 


MATERIALS AND METHODS 
Surgical Model 

Three healthy adult mixed-breed dogs were used for the ex- 
perimertal portion of the study. Food was withheld overnight 
and all dogs received acepromazine maleate (0.1 mg/kg intra- 
muscularly) as a preanesthetic. Anesthesia was induced by in- 
traveno.is administration of thiamylal sodium and maintained by 
administration of halothane in oxygen through a closed-circle 
system with intermittent positive-pressure ventilation. Lactated 
Ringer’s solution (10 to 20 mL/kg per hour) was administered 
intravenously for the duration of the study. 

A ver-ical incision through the skin and underlying latissimus 
dorsi mascle was made just caudal to the scapula and extending 
from a point lateral to the midline to a point ventral to the cos- 
tochoncral junction of the ribs. The lateral surfaces of ribs 
3 through 7 were exposed by dissection and removal of the at- 
tachments of the serratus ventralis, scalenus, and external in- 
tercosta. muscles. A fenestrated drain (Silastic, Dow Corning 
Corp, Midland, Mich) (4 mm in diameter) was placed into the 
interior of the surgical site and exited through a stab wound ven- 
tral to the incision. The drain was connected to a 50-mL syringe. 
The woand was closed with standard technique. All dogs were 
maintained in a surgical plane of anesthesia for the duration of 
the study. The dogs were continuously monitored and eutha- 
nized with intravenous injection of a concentrated barbiturate 
solutior after the final sample was obtained. This study was ap- 
proved by the Animal Care Committee, School of Veterinary 
Medicire, University of Wisconsin, Madison. 

Cefazolin (0.2 mL/kg ofa 100-g/L solution; total dose, 20 mg/kg) 
was used to irrigate the wound after drain placement and before 
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Fig 1.—Concentration-time curves for cefazolin in surgical wound 
fluid (solid circles) and in serum (open circles) after topical admin- 
istration of a 20-mg/kg dose in three dogs. The dashed line repre- 
sents the susceptibility break point minimum inhibitory concentra- 
tion of 8 mg/L. 


wound closure. The volume of antibiotic fluid covered the sur- 
gical site but did not spill rom the wound. No attempt was made 
to aspirate the antibiotic solution from the wound. 

Blood samples were obtained immediately before antibiotic ir- 
rigation, 5, 15, 30, and 45 minutes after wound irrigation, and 1, 
1.25, 1.5, 1.75, 2, 2.5, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 hours after 
wound irrigation. The samples were collected in sterile tubes, 
allowed to clot at room temperature for 1 hour, and centrifuged 
at 1300g for 10 minutes. The serum was separated and stored in 
plastic storage tubes at —70°C until assayed. 

Wound fluid sampies (1.5 mL) were obtained 5, 15, 30, and 
45 minutes after wound irrigation and 1, 1.25, 1.5, 1.75, 2, 2.5, 
3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 hours after wound irrigation. 
Wound fluid was continuously evacuated from the wound by 
applying suction to the drain via a syringe. The wound was com- 
pressed every 5 minutes to ensure complete fluid evacuation. 
Any fluid collected between sampling times was discarded. 
Wound fluid for assay was obtained by manual aspiration for 3 
to 5 minutes with a sterile 3-mL syringe. Samples were placed 
in sterile tubes and centrifuged at 1300g for 10 minutes; the su- 
pernatant was then stored in plastic storage tubes at — 70°C until 
assayed. 


Ciinical Subjects 

Cefazolin (20 mg/kg) was administered intravenously to nine 
dogs undergoing standard forequarter amputation as treatment 
for osteogenic sarcoma. Blood samples were obtained before an- 
` tibiotic administration, 5, 15, and 30 minutes after administra- 
tion, and 1.5, 2.5, 3, 4, 5, and 6 hours after administration. The 
samples were processed and analyzed as described for the ex- 
perimental animals. 


Antibiotic Assay 

Antibiotic concentrations were determined with a modified 
agar plate diffusion technique using Staphylococcus aureus as the 
test organism.*”’*® Each sample was analyzed in duplicate and 
the mean of these two measurements was compared with a stan- 
dard curve prepared from various known dilutions to obtain an 
antibiotic concentration for the sample. The sensitivity of the as- 
say for cefazolin was 0.39 mg/L. 


Pharmacokinetics Analysis 
Pharmacokinetic amalysis was carried out separately for each 
dog. The concentration-time curve was analyzed using a 
computer-based nonlinear least-squares regression algorithm 
(RSTRIP, MicroMath Scientific Software, Salt Lake City, Utah). 
The terminal half-life (t,;>)., ) was calculated as 0.693 divided by 
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Fig 2.— Seram concentration-time curves for cefazolin after intra- 
venous bolus (solid circles) and topical (open circles) administration 
of a20-mg/kg dose. The intravenous curve represents the mean con- 
centration in nine dogs; the topical curve represents the mean con- 
centration in three dogs. The dashed line represents the suscepti- 
bility break point minimum inhibitory concentration of 8 mg/L. 


the terminal time constant. The area under the concentration- 
time curve (AUC) was calculated using statistical moment anal- 
ysis extrapolated to infinity. Bioavailability was calculated as 
F = (AUC Ge picaty’Bi)/(AUC,,-B.), in which B, represents the mean 
elimination constant in serum after topical administration; B,, the 
mean terminal elimination constant in serum after intravenous 
administration; and AUC ¢opicaty and AUC,,, the mean area under 
the serum concentration-time curve after topical and intravenous 
administration of the drug. The time after topical administration 
during which the antibiotic concentration in serum or wound 
fluid exceeded the susceptibility break point MIC of 8 g/L (Na- 
tional Committee for Clinical Laboratory Standards, Document 
M7-T2) was extrapolated from the values obtained after regres- 
sion analysis. 

When comparing serum and wound fluid data from three dogs, 
a paired Student's t test was used in statistical analysis. When 
comparing serum and wound fluid data in three vs nine animals, 
an independent sample t test was used. P<.05 was considered 
to be statistically significant. 


RESULTS 

The concentration of cefazolin in wound fluid after top- 
ical administration to the surgical site was very high ini- 
tially. There was a rapid early decline in concentration re- 
sulting from systemic uptake and distribution, followed 
by a slower terminal phase (Fig 1). Systemic absorption of 
cefazolin after topical administration to the wound surface 
was rapid. Bioavailability of cefazolin after topical admin- 
istration was calculated to be 95%. Within 1 hour of ad- 
ministration, the serum concentration after topical admin- 
istration equaled the serum concentration after intra- 
venous administration, and the curves declined in parallel 
(Fig, 2). 

The mean ti1/).g for cefazolin in serum after intravenous 
administration was not significantly longer than that cal- 
culated after topical administration (Tables 1 and 2). The 
mean tag for cefazolin in serum after intravenous ad- 
ministration was significantly longer than the terminal 
half-life for cefazolin in wound fluid after topical admin- 
istration. Loss of antibiotic in the wound fluid aspirated 
from the drain acted as an additional route of elimination 
from the wound, resulting in a short half-life. 
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Table 1.—Pharmacokinetic Parameters of Cefazolin in Serum and Wound Fluid Following a 20-mg/kg Dose Applied 
Topically to the Surgical Wound 


AUC, (ng-h)/mL* 


Serum Wound 


Mean + SD 60.6+9.5 7542+1959 


*AUC indicates the area under the concentration-time curve. 
tt... indicates the terminal half-life. 





1.20+0.17§ 


0.95 +0.13 2.87 +0.34l|| 5.76+0.55 


tt,,. indicates the time above the susceptibility break point minimum inhibitory concentration (MIC) (8 mg/L). 


§P = .28 for test comparing serum with wound fluid. 
||P = .03 for test comparing serum with wound fluid. 







Table 2.— Pharmacokinetic Parameters of Cefazolin in 
Serum Following a 20-mg/kg Intravenous Dose 


Dog No. AUC, (g-h)/mL* Cuga Rt tac ht 
1 ; 


2.08 2.50 
101.9 3.26 2.33 
80.5 1.40 2.46 
82.1 UAL k 2.28 


N 
N 
N 
(on 








Ww 








> 









5 67.0 1.09 2.22 
6 77.0 1.03 2.71 
7 76.1 1.09 2.32 






94.8 1.39 3.17 
85.2 1.32 2.95 
Mean + SD 82.5+10.5 1£.53+0:72§ 2.552033] 


*AUC indicates the area under the concentration-time curve. 

tty/2., indicates the terminal half-life. 

tt,,- indicates the time above the susceptibility break point minimum 
inhibitory concentration (MIC) (8 mg/L). 

§P=.45 for test comparing serum in nine dogs with serum in three 
dogs following topical administration. P= .20 for test comparing serum 
in nine dogs with wound fluid in three dogs following topical adminis- 
tration. 

\|P=.17 for test comparing serum in nine dogs with serum in three 
dogs following topical administration. P=.0001 for test comparing 
serum in nine dogs with wound fluid in three dogs following topical 
administration. 
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A clinically relevant parameter for determining antibi- 
otic dosage is the time during which concentrations in the 
surgical wound exceed the MIC for potential pathogens. 
The mean time above the susceptibility break point MIC 
(tuc) of 8 mg/L for cefazolin in wound fluid after topical 
administration was significantly longer than the tmc in 
wound fluid after intravenous administration (as esti- 
mated from cefazolin concentrations in serum”"®), ie, 5.76 
hours and 2.55 hours, respectively (Tables 1 and 2). 


COMMENT 


Closure of a surgical wound creates a unique extravas- 
cular compartment with a high surface area—volume ra- 
tio. !© This space fills with serosanguinous exudate derived 
from serum as a result of the immediate and sustained 
increase in capillary permeability at the surgical site. 16 Pre- 
vious work has shown that after intravenous administra- 
tion, cefazolin will equilibrate rapidly between serum and 
surgical wound fluid and that the concentrations in serum 
and wound fluid then decline in parallel.° Data from the 
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presen: study indicate that movement of antibiotic in the 
opposi-e direction will also occur, with clinically signifi- 
cant serum concentrations recorded within minutes of 
topical administration. The 95% bioavailability indicates 
rapid and extensive absorption from the wound surface. 

A reported potential advantage of topically vs parent- 
erally administered antibiotics is the low serum levels ob- 
tained after topical administration, resulting in a de- 
creasec incidence of allergic reactions.’” Our data clearly 
indicate that significant serum levels can develop after top- 
ical ad-ninistration, and that for those antibiotics with 
which allergic reactions are a concern, topical administra- 
tion probably does not have an advantage over other 
routes of administration. 

A proposed disadvantage of topical application of an- 
tibiotics is the possibility that the antibiotic solution will 
not adequately penetrate all of the crevices of the surgical 
wound. resulting in inadequate concentrations of antibi- 
otics in the fluid within those recesses. The significant se- 
rum levels that develop after topical application, however, 
would allow recirculation of antibiotic to the wound, re- 
sulting in adequate wound fluid antibiotic concentrations 
even in those parts of the wound not originally bathed by 
the antibiotic solution. 

The peak serum level obtained after topical administra- 
tion may be influenced by several factors, including the 
degree of protein binding, the apparent volume of dis- 
tributicn, and the rate of serum clearance by hepatic up- 
take ard excretion and renal clearance.'* Cefazolin is a 
ßB-lactam antibiotic with relatively low protein binding in 
canine serum and wound fluid (mean+SD, 19% +4% and 
4% +4%, respectively).'® Although the pharmacokinetics 
of high y protein-bound B-lactams and other classes of an- 
tibiotics after topical administration were not tested in this 
study, we recently determined that serum and wound 
fluid levels are similar after intravenous administration of 
a wide -ange of antibiotics (E.R., unpublished data, 1991). 
We believe that irrespective of the degree of protein bind- 
ing or other properties, antibiotics applied topically will be 
absorbed rapidly from the surgical wound surface. 

The oncentration of antibiotics in the wound fluid itself, 
rather than in serum, is the critical factor in determining 
the efficacy of agents used for the prophylaxis of surgical 
wound infections.'©!* Topical administration of cefazolin 
resulted in very high antibiotic concentrations in the 
wound fluid for prolonged periods compared with intra- 
venous administration. The time above MIC has previ- 
ously been reported to be the most significant parameter 
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determining the effectiveness of the B-lactam antibiotics." 
Following topical administration of cefazolin, concentrations 
in wound fluid remained above the MIC for approximately 
twice as long as would be expected after intravenous ad- 
ministration of the same dose of drug.*® Additionally, after 
the first hour, the serum antibiotic concentrations and, there- 
fore, the levels of drug that circulate into the surgical site 
were similar after topical or intravenous administration. 

Peak cefazolin concentrations in wound fluid after top- 
ical administration were 200 times the levels expected after 
intravenous bolus administration of the same dose.'® The 
effect of this very high antibiotic concentration on the in- 
cidence of wound infection, particularly in operations in- 
volving the implantation of biomaterials (eg, vascular 
grafts and joint prostheses) vulnerable to pathogens re- 
mains to be determined. 

Several clinical studies evaluating the efficacy of topi- 
cally applied antibiotics used either pure drug in powder 
form or mixed the antibiotic with large volumes of saline 
that were then used to lavage the wound throughout the 
surgical procedure or at the time of wound closure.**” The 
rate and extent of absorption of antibiotic and the con- 
centrations remaining in the wound under these condi- 
tions would likely be highly variable, depending on the 
amount of powder applied or the concentration of anti- 
biotic in the lavage solution, the length of time the lavage 
solution remains in contact with the wound surface, and 
the extent of aspiration or spillage of the lavage fluid. 

References 

1. Kaiser AB. Antimicrobial prophylaxis in surgery. N Engl J 
Med. 1986;315:1129-1138. 

2. Halasz NA. Wound infection and topical antibiotics. Arch 
Surg. 1977;112:1240-1244. 

3. Lord JWJr, Laraja RD, DalianaM, Gordon MT. Prophylactic 
antibiotic irrigation im gastric, biliary and colonic surgery. Am 
J Surg. 1983;145:209-212. 

4. Rosenstein BD, Wilson FC, Funderburk CH. The use of 
bacitracin irrigation to prevent infection in postoperative skel- 
etal wounds: an experimental study. J Bone Joint Surg Am. 
1989 ;71:427-430. 

5. Scher KS. Prevention of wound infection: the comparative 
effectiveness of topical and systemic cefazolin and povidone- 


iodine. Am Surg. 1982;48:268-270. 

6. Levano KJ, Quirk JG, Cunningham FG, Nelson S, Bawdon 
RE. Perioperative antimicrobials at cesarean section: lavage ver- 
sus three intravenous doses. Am J Obstet Gynecol. 
1984; 149: 463-464. 

7. Elliot JP, Flaherty JF. Comparison of lavage or intravenous 
antibiotic at cesarean section. Obstet Gynecol. 1986;67:29-32. 

8. Sarr MG, Parikh KJ, Sanfey H, Minken SL, Cameron JL. Top- 
ical antibiotics in the high-risk patients: a prospective, random- 
ized study. Am J Surg. 1988;155:337-342. 

9. Glotzer DJ. Topical antibiotic prophylaxis in contaminated 
wounds: experimental evaluation. Arch Surg. 1970; 100:589-593. 

10. Long WH, Rudd EG, Dillon MB. Intrauterine irrigation 
with cefamandole nafate solution at cesarean section: a pre- 
liminary report. Am J Obstet Gynecol. 1980;138:755. 

11. Flaherty JF, Boswell GW, Winkel CA, Elliot JP. Pharma- 
cokinetics of cefoxitin in patients at term gestation: lavage ver- 
sus intravenous administration. Am J Obstet Gynecol. 
1983 ; 146: 760-766. 

12. Duff P, Gibbs RS, Jorgensen JH, Alexander G. The phar- 
macokinetics of prophylactic antibiotics administered by intra- 
operative irrigation at the time of cesarean section. Obstet Gy- 
necol. 1982;60:409-412. 

13. Waterman NG, Howell RS, Babich M. The effect of a pro- 
phylactic topical antibiotic (cephalothin) on the incidence of 
wound infection. Arch Surg. 1968;97:365-370. 

14. Benjamin JB, Volz RG. Efficacy of a topical irrigant in de- 
creasing or eliminating bacterial contamination in surgical 
wounds. Clin Orthop. 1984; 184:114-117. 

15. Bennett JV, Brodie JL, Benner EJ, Kirby WMM. Simplified, 
accurate method for antibiotic assay of clinical specimens. Appl 
Microbiol. 1966;14:170-177. 

16. Rosin E, Ebert S, Uphoff TS, Evans MH, Schultz-Darken 
NJ. Penetration of antibiotics into the surgical wound ina canine 
model. Antimicrob Agents Chemother. 1989;33:700-704. 

17. Conover WB, Moore TR. Comparison of irrigation and 
intravenous antibiotic prophylaxis at cesarean section. Obstet 
Gynecol. 1984; 63:787-791. 

18. Polk HC, Lopez-Mayor JF. Postoperative wound infec- 
tion: aprospective study of determinant factors and prevention. 
Surgery. 1969; 66:97-103. 

19. VogelmanB, Gudmundsson S, Leggett J, TurnidgeJ, Ebert 
S, Craig WA. Correlation of antimicrobial pharmacokinetic pa- 
rameters with therapeutic efficacy in an animal model. J Infect 
Dis. 1988; 158:831-847. 


Invited Commentary 


The authors have documented that locally applied antibi- 
otics are systemically absorbed to therapeutic levels in serum 
and that high antibiotic concentrations can be attained in 
wounds by this method. The clinical application of these find- 
ings, however, remains to be defined. For clean surgical cases, 
there is little evidence to support the use of antibiotics except 
in cases involving acompromised host and/or in procedures 
lasting more than 2 to 3 hours. On the other hand, substantial 
data do exist to support the use of antibiotics in a prophylactic 
manner, thatis, before contamination ofa wound. The current 
recommendation to use systemic antibiotics before seeding of 
bacteria during contaminated or dirty surgical procedures is 
based on these data and is directed at ensuring optimum tissue 
levels at the time of contamination. 

An additional consideration relates to recent data indicating 
that bacteria translocate from the gastrointestinal tract to me- 
senteric lymph nodes curing periods of stress. Although the 
clinical implications of this translocation are not known, it is 
possible that hypotension, major tissue injury, and/or gut at- 
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rophy may lead to clinically important bacterial invasion at a 
distance from the wound. In such cases, systemic antibiotics 
administered before wound closure may be necessary. 
Antibiotics applied at the completion of the procedure and 

after contamination has occurred, as done in this study, are 
at least theoretically directed at therapy rather than prophy- 
laxis. Therefore, it seems reasonable, based on the authors’ 
data, to use local antibiotics in cases in which unanticipated 
contamination occurs in the absence of previously adminis- 
tered systemic antibiotics. Furthermore, it may be of benefit 
to administer local antibiotics to a wound that has been ex- 
posed due to prolonged operative times or had poor blood 
supply. Inall cases, it should be reemphasized that adherence 
to sound surgical principles of care in tissue handling, ap- 
propriate débridement of tissues, and elimination of contam- 
ination are essential to mimimizing wound infection. 

Rocer W. Yurt, MD 

New York, NY 
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Bleeding Peptic Ulcer After Abdominal 
Aortic Aneurysm Surgery 


Hiroyuki Konno, MD; Shukichi Sakaguchi, MD; Takashi Hachiya, MD 


è A retrospective study of 112 patients with abdominal aor- 
tic aneurysm (AAA) and 232 with arteriosclerosis obliterans 
(ASO) demonstrated that 16.7% of those with AAA and 1.6% 
of those with ASO had a history of gastroduodenal ulcer; 
83% of these lesions with AAA were gastric ulcers. Ulcer 
bleeding after vascular reconstruction developed in seven 
patients with AAA and one with ASO. Serum fibrinogen lev- 
els and platelet counts were significantly lower in patients 
with AAA than in those with ASO or controls. A prospective 
study showed that 25 (52.1%) of 48 patients with AAA and 
six (20.0%) of 30 patients with ASO had endoscopically 
proved gastroduodenal lesions before vascular reconstruc- 
tion. None of them developed postoperative bleeding after 
treatment of both their gastroduodenal lesions and coagu- 
lopathy. Furthermore, the significant decrease in blood flow 
and prostaglandin content of gastric mucosa was demon- 
strated in patients with AAA. 
(Arch Surg. 1991;126:894-897) 


i t has been reported that the incidence of peptic ulcer 

is higher in patients with abdominal aortic aneurysm 
(AAA) than in a comparable age-matched group. *? There 
is also some evidence that aneurysmal thrombus may 
cause consumption coagulopathy, which can lead to the 
development of postoperative disseminated intravascular 
coagulation.*” Thus, it is possible that peptic ulcers com- 
monly develop in patients with AAA and that ulcer bleed- 
ing easily occurs by consumption coagulopathy. We have, 
in fact, encountered a number of patients with AAA who 
required emergency operations for bleeding ulcers after 
vascular repair. 

In this study, we first investigated whether the inci- 
dence of peptic ulcer was higher in AAA than in arterio- 
sclerosis obliterans (ASO) and the mechanism underlying 
the development of peptic ulcer in patients with AAA. We 
also investigated whether bleeding ulcers were in com- 
mon in AAA and the role of consumption coagulopathy 
in the onset of bleeding. Finally, we investigated prospec- 
tively whether preoperative endoscopic diagnosis and 
preoperative treatment of peptic ulcer and consumption 
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coagulopathy could prevent the development of postop- 
erative ulcer bleeding in patients with AAA. 


SUBJECTS AND METHODS 
Patients 

Durirg the 8 years between January 1982 and December 1989, 
a total œ 112 patients with AAA and 232 patients with ASO were 
admitted to our department to undergo vascular repair. The 
mean age was 67.0 years in the AAA group and 64.9 years in the 
ASO group. A retrospective study was performed on the inci- 
dence œ a history of gastroduodenal ulcer within the previous 
5 years and the incidence of bleeding froma gastroduodenal ulcer 
after vascular repair or emergency surgery for a bleeding ulcer. 
Forty-emht patients with AAA and 30 patients with ASO ad- 
mitted m 1988 or 1989 underwent upper gastrointestinal tract 
endosccpy. Multiple erosions or active ulcers found by endos- 
copy were treated immediately. After complete healing of any 
such lesions, vascular repair was performed. 


Measurement of Gastric Mucosal Blood Flow (GMBF) 

The CMBF was endoscopically measured in 17 patients with 
AAA, six patients with ASO, and 14 age-matched controls, who 
completly understood the aim of the study and agreed with the 
examinetion. Beginning in 1988, we used a laser Doppler flow- 
meter (A.LF-2100; Advance Co Ltd, Tokyo, Japan). Two patients 
with Af A had histories of ulcer, and seven patients with AAA 
and one with ASO were found to have gastric ulcer or erosions. 
The con-tols were healthy individuals or patients suffering from 
other diseases, such as asymptomatic gallstones. The GMBF was 
measured at the antrum and at the lower and upper body of the 
stomack. At each site, the GMBF was measured five times at 


Tabte 1.—History of Ulcer and Postoperative Bleeding 
UEer in Patients With Abdominal Aortic Aneurysm 
(AAA) and Arteriosclerosis Obliterans (ASO) 












No. o patients 112 232 
Age, ¥ 67.0 64.9 
Ulcerhistory, No. (%) 18 (16.7) 4 (1.6) 
Gastric 15 2 

Duedenal 3 2 

7 (6.3) 1 (0.4) 
3 (2.7) O (0) 







Bleeding ulcer, No. (%) 
Emergency operation, No. (%) 
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Patient/Age, y/ Location 
Sex of Ulcer 


1/78/M Antrum 


1 and multiple 
erosions 


2/69/M Corpus 


3/68/M 


Table 3.— Preoperative Endoscopic Findings* 


Group, No. (%) 


p 


AAA 
No. of patients 48 30 


Corpus 3 


Gastric lesions 
Ulcer 7 (14.6) 


16 (33.3) 
3 (6.3) 
2 (4.2) 


1 @.3) 
4 (13.3) 
1 (3.3) 
1 (3.3) 


Erosion 
Cancer 
Duodenal Ulcer 


*AAA indicates abdominal aortic aneurysm; ASO, arteriosclerosis 
obliterans. 


50 


* pos peg 
—-+—, 
v 40 | | | 
7 ; ‘ ; 
2 
© 
(ero) 
° 
=) 
7 ASO 
ci" aD ASO 
Ẹ ASO 
= 
E AAA 
z AAA AAA 
pras 
E 
Ò 
© 20 
0 
Antrum Corpus Corpus 
(Lower) (Upper) 


Fig 1.— Gastric mucosa! blood flow. C indicates controls (n= 14); 
AAA, abdominal aortic aneurysm (n = 17); and ASO, arteriosclerosis 
obliterans (n= 6). The values are expressed as means +SDs. Asterisk 
indicates P<.01; two asterisks, P<.05. 


2.5-second intervals and expressed per minute and per 100 g of 
wet tissue. Significant differences among the three groups were 
evaluated by Student's t test, with P<.05. 

Informed consent was cbtained from all patients for endoscopy 
and the measurement of GMBF after a full explanation of the aims 
and procedures of the study. 
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Wide resection of stomach 


Wide resection of stomach 


Wide resection of stomach 





dominal Aortic Aneurysm With Bleeding Ulcer 


Operation 
for Ulcer Bleeding 


Dead 36 mo after aneurysm 

and vagotomy repair 

Alive 46 mo after aneurysm 
repair 


Alive 24 mo after gastrectomy 





100 


80 


60 


40 


Prostaglandin, pg/mg of Tissue Protein 


20 





PGE, 6-Keto-PGF a 


Fig 2.— Gastric mucosal prostaglandin content. Open bars represent 
controls (n=6); closed bars, patients with abdominal aortic aneu- 
rysm (n=7). PG indicates prostaglandin. Asterisk indicates P<.05 for 
controls vs patients with abdominal aortic aneurysms. 


Measurement of the Gastric Mucosal 
Prostaglandin Content 

Prostaglandin (PG) E, and 6-keto-PGF,,, were measured in the 
gastric mucosa of seven patients with AAA and six controls; two 
of the patients with AAA had histories of ulcer, and three were 
found to have gastric erosions. Samples were collected by means 
of biopsy forceps at endoscopy and immediately placed into in- 
domethacin solution containing edetic acid to wash out the blood 
from the tissue and to prevent further PG synthesis. Samples 
were then weighed and stored at — 80°C. After homogenation of 
the samples with 95% alcohol, centrifugation at 3000 rpm was 
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carried out twice. The PGE, and 6-keto-PGF,,, levels in the su- 
pernatant were measured by radioimmunoassay, and the con- 
centration of tissue protein was also measured by Lowry’s 
method. The PG content was expressed per milligram of tissue 
protein. 


Blood Coagulation Factors 
The platelet counts and the serum levels of fibrinogen and fi- 
brin degradation products (FDPs) were investigated retrospec- 
tively in 89 patients with AAA, 96 patients with ASO, and 33 
controls. 


RESULTS 

Table 1 summarizes the clinical data for the patients with 
AAA and ASO. Eighteen (16.7%) of the 112 patients with 
AAA had histories of ulcer, whereas only four (1.6%) of 
the 232 patients with ASO had such histories. Further- 
more, 15 (83.3%) of the 18 patients with AAA with his- 
tories of ulcer suffered from gastric ulcer. Ulcer bleeding 
developed in seven patients with AAA (6.3%) after vas- 
cular repair, and three underwent gastrectomy (Table 2). 
One patient had a history of ulcer. Only one patient with 
ASO developed a bleeding ulcer. 

Table 3 shows preoperative endoscopic findings of 48 
patients with AAA and 30 patients with ASO. Of them, 
20.0% of patients with ASO and 52.1% of patients with 
AAA had ulcers or multiple erosions. The patients were 
treated with antacids and histamine blockers immediately 
after endoscopy, and these medications were continued 
after vascular reconstruction. Postoperative ulcer bleeding 
did not develop in any of them. 


GMBF Values 


Figure 1 demonstrates the GMBF in the AAA, ASO, and 
control groups. The antral GMBF of the AAA group was 
25.8 mL/min per 100 g of tissue, which was significantly 

ae DET GOD (eS 





Platelets, 


X10%7/L 226+50 (33) 252+67 (95) 187+44*(89) 


Fibrinogen, 
g/L 2.6+0.44 (29) 


*P<.01 for AAA vs control and AAA vs ASO. 


3.2+0.80 (96) 2.2+0.54*(80) 


lowerthan that of the ASO and control groups. The GMBF 
values of the AAA and ASO groups were, respectively, 
26.9 and 29.6 mL/min per 100 g of tissue in the lower gastric , 
body and 28.5 and 31.4 mL/min per 100 g of tissue in the 
upper body. Values in both groups were significantly 
lower than those in the controls, while no significant dif- 
ference was observed between the AAA and ASO groups. 
Also, there were no significant differences between the 
patierts with ulcer histories and those without them or 
between the patients with ulcer or erosions and those 
without them. 


Gastric Mucosal PG Content 


Mucosal levels of PGE, and 6-keto-PGF,,, are shown in 
Fig 2. The PGE, level was significantly lower in the AAA 
group than in the controls (6.8+2.31 vs 40.3+28.30 pg/mg 
of tissue protein; P<.05). No significant differences were 
observed between the patients with ulcer histories and 
those without it. The 6-keto-PGF,,, level was also lower in 
the fo-mer group, but the difference was not significant 
(23.2+10.86 vs 56.2+43.72 pg/mg of tissue protein). 


Consumption Coagulopathy 


Table 4 shows the platelet counts and fibrinogen levels 
in the three groups. In the AAA group, both were de- 
creased significantly compared with those of the control 
group In 22.8% of patients with AAA the FDP level was 
more than 20 mg/L, whereas this FDP level was seen in 
less than 1.0% of each of the ASO and control groups. In 
seven patients with postoperative bleeding ulcers, the 
mean >latelet count was 164 x 10°/L and the mean fibrin- 
ogen level was 1.9 g/L. 


COMMENT 


This study confirmed that the incidence of gastroduo- 
denal ulcer was higher in patients with AAA, compared 
with an age-matched control group, and even compared 
with patients with ASO. Furthermore, a high incidence of 
bleeding ulcer was demonstrated retrospectively in pa- 
tients with AAA. Based on a survey of 7044 necropsies, 
Jones et al’ reported that peptic ulcer was found in 22 of 
99 cases of AAA, and the incidence was higher compared 
with the general necropsy population (22.6% vs 7.2%). 
Bouhoutsos et al* observed 12 cases of peptic ulcer among 


Fig 3.— Proposed process of gastric ulcer formation and subsequent bleeding in association with abdominal aortic aneurysm. FDPs indicates 


Intraluminal Thrombus 


fibrin degradation products. 
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51 patients with unruptured AAA. They also reported that 
seven of these 51 patients developed ulcer complications 
shortly after aneurysm repair and that five patients with 
peptic ulcer died of perforation or hemorrhage. 

The results of the present study were comparable with 
these findings. However, the mechanism inducing ulcer- 
ation in AAA remains unclear. We investigated the GMBF 
because pathologic degeneration of the feeder arteries to 
the stomach could impair the gastric mucosal blood sup- 
ply. Elkeles® reported that arteriosclerosis was found in 
the central arteries supplying the stomach in AAA. How- 
ever, to the best of our knowledge, the GMBF in patients 
with AAA has not previously been reported. The GMBF 
data obtained in the present study indicated that ischemia 
of the gastric mucosa could provide an important contri- 
bution to the development of ulcers (Fig 3), since a sig- 
nificant decrease in GMBF was demonstrated in patients 
with AAA and since their ulcers occurred mainly in the 
stomach. The blood flew turbulence produced by an AAA 
may be a factor in the decrease of GMBF seen in these 
patients.’ Darke et al studied the maximal acid output in 
patients with AAA and observed no difference from a 
healthy control group. The levels of basal or maximal acid 
output in the patients with AAA we tested were within nor- 
mal limits (data not shown). It was reported that the decrease 
in GMBF in the presence of acids and bile salts induced gas- 
tric ulcer.” Therefore, the impairment of gastric defensive 
factors, including GMBF, may be responsible for the devel- 
opment of gastric ulcer in patients with AAA. 

A decrease in the gastric mucosal PG content was also 
demonstrated in the patients with AAA. Many reports 
have demonstrated recently that PGs protect the gas- 
trointestinal tract mucosa from ulceration. '°'’ In addition 
to the significant decrease of PGE,, the level of 6-keto- 
PGF,,, in the gastric mucosa was lower in the AAA group 
than in the control group. Although a protective effects of 
PGI, metabolites, such as 6-keto-PGF,,, has not been 
clearly demonstrated. an important role for endogenous 
6-keto-PGF,, was suggested by immunization experi- 
ments using exogenous PGE, and 6-keto-PGF,,. “It is pos- 
sible that chronic ischemia of the gastric mucosa may re- 
duce the endogeneous PG levels, but the exact mechanism 
involved is still unclear. 

With regard to consumption coagulopathy, in addition 
to a significant decrease in the platelet count and fibrin- 
ogen level, the FDP level was increased to more than 
20 mg/L in about one fourth of the patients with AAA. 
These finding suggest a role for consumption coagulop- 
athy in precipitating hemorrhage from gastric ulcers in pa- 
tients with AAA (Fig 3). Mulcare et al” reported that dis- 
seminated intravascular coagulation occurred after the 
repair of AAA. Fisher et al’? reported that clinically overt 
disseminated intravascular coagulation occurred preop- 
eratively in 4% of patients with AAA and that the fibrin- 
ogen level was not a good indicator of its presence, al- 
though the investigation of Kaneko and Sakaguchi’ 
demonstrated the importance of the serum fibrinogen 
level and the necessity of preoperatively improving the 
fibrinogen level by the administration of heparin. The cur- 
rent retrospective study demonstrated that the platelet 
counts and fibrinogen levels were lower in patients with 
AAA with postoperative bleeding ulcers than in those pa- 
tients without hemorrhage. On the other hand, the pro- 
spective study demonstrated that no patient whose severe 
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consumption coagulopathy was treated preoperatively by 
the administration of heparin to increase the fibrinogen 
level to more than 2.0 g/L developed postoperative bleed- 
ing ulcers. This suggests that not only the treatment of 
gastroduodenal lesions but also the improvement of con- 
sumption coagulopathy is necessary to prevent postop- 
erative ulcer bleeding. 


CONCLUSION 


Patients with AAA had a high incidence of gastric ulcers 
and postoperative ulcer bleeding. Decrease in the levels 
of GMBF and PG in gastric mucosa and the occurrence of 
consumption coagulopathy may play important roles in 
the development of gastric ulcer and the onset of bleeding. 
Thus, both the treatment of ulcers and improvement of the 
coagulation measures before vascular repair are recom- 
mended to prevent postoperative ulcer bleeding. Further- 
more, the administration of antiulcer agents that enhance 
the gastric mucosal barrier, in addition to the agents that 
reduce acid, may be effective in the treatment of patients 
with AAA who have ulcers or multiple erosions. 
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Randomized Study of Interleukin 2 (IL-2) Alone vs IL-2 
Plus Lymphokine-Activated Killer Cells for Treatment 
of Melanoma and Renal Cell Cancer 


Michael J. Koretz, MD; David H. Lawson, MD; R. Martm York, MD; Sam D. Graham, MD; 
Douglas R. Murray, MD; Teresa M. Gillespie, MA; Daniel Levtt, MD, PhD; Kenneth M. Sell, MD, PhD 


@ The purpose of this study was to evaluate the efficacy and 
safety of a continuous-infusion interleukin 2 (IL-2) regimen 
for patients with metastatic melanoma and renal cell cancer. 
To investigate the contribution of adoptively transferred 
lymphokine-activated killer cells, patients were randomized 
to receive either IL-2 alone or IL-2 plus lymphokine- 
activated killer cells. Twenty-three patients with renal cell 
carcinoma and 20 with melanoma were entered into the 
protocol. There were no objective responses noted in the 38 
assessable patients (20 with renal cell carcinoma, 18 with 
melanoma). Most patients demonstrated progressive disease 
following one 31-day cycle of weekly continuous-infusion 
IL-2. Grade I and II toxic reactions, including fever, rash, 
anorexia, and weight gain, were common and treated symp- 
tomatically. Significant in vivo stimulation of lymphokine- 
activated killer and natural killer cell activity was noted in 
most patients. This continuous-infusion IL-2 regimen with or 
without lymphokine-activated killer cells was ineffective in 
the treatment of melanoma and renal cell carcinoma. 
(Arch Surg. 1991;126:898-903) 


T he goal of modulating the human immune system to 

treat malignant neoplasia has been pursued 
throughout the 20th century. Despite initial enthusiasm 
for nonspecific agents such as BCG, randomized studies 
have not provided any proof of long-term effectiveness. 
The discovery of the cytokine interleukin 2 (IL-2) in 1976' 
and subsequently of its ability to induce the activation of 
alymphocyte population termed lymphokine-activated killer 
(LAK) cells capable of lysing fresh tumor cells in vitro pro- 
vided a strong impetus for exploiting its effects clinically. 
Treatment with high-dose IL-2 and LAK cells has the abil- 
ity to mediate the regression of established metastases in 
animal models. Maximal efficacy was achieved when both 
IL-2 and LAK cells were administered together.* 


Accepted for publication December 31, 1990. 
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Historically, melanoma and renal cell carcinoma have 
been thought to be among the most “immunogenic” of 
human tumors. Lymphocytic infiltration is commonly 
seen, spontaneous complete regressions have been widely 
reported, and both humoral and cellular immune re- 
sponses have been described. There is no effective sys- 
temic chemotherapy for these cancers, a situation that has 
stimulated new immune approaches. 

In 195, Rosenberg et al? reported significant responses 
in patients with advanced cancer treated with a new reg- 
imen of L-2 along with activated autologous lymphocytes 
(LAK cells). A subsequent follow-up article in 1987* con- 
firmed marked regression of tumors in a minority of pa- 
tients treated with both IL-2 alone and IL-2 with LAK cells. 
The addition of LAK cells appeared to be associated with 
more complete responses. Toxic reactions in these studies 
were formidable, and treatment-related deaths were en- 
countered. A significant percentage of patients required 
intensiv2 care with respiratory and circulatory support. 
This added to the already high cost and complexity of treat- 
ment. 

Recen: studies have attempted to ameliorate the toxicity 
of IL-2 while maintaining its immunostimulatory effects. 
Phase I/E studies have suggested that continuous-infusion 
(CI) IL-2 is well tolerated yet achieves significant response 
rates. 

To confirm previously published clinical effects of IL-2 
and to evaluate the efficacy of concomitantly administered 
LAK cells, we participated in a randomized, prospective, 
multicerter study employing CI IL-2. A dose of 3x 10° 
U/m* pe- day was chosen based on studies showing the 
regimen to be well tolerated and to have potent immu- 
nostimu ating effects. We report the experience at Emory 
University School of Medicine, Atlanta, Ga, as part of a 
Hoffmar-LaRoche Inc (Nutley, NJ)-sponsored multi- 
center tral to treat patients with melanoma and renal cell 
cancer. 


PATIENTS AND METHODS 
Patients 
Patients had measurable metastatic melanoma or renal cell car- 
cinoma incurable by surgical resection. All patients had Karnof- 
sky statusof greater than 80% with an expected survival of greater 
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Table 1.—Characteristics of Patients* 


Treat- Patient 


ment 


1/46/M 
2/58/M 


3/48/M 
4/62/M 
5/66/F 

6/58/M 
7/60/M 


8/64/M 

9/52/M 
10/63/M 
11/52/M 
12/54/M 
13/64/M 
14/62/F 


15/54/F 


16/55/F 


17/50/M 
18/46/F 
19/41/F 


20/53/M 


21/46/F 
22/52/M 
23/63/M 


Renal Cell Carcinoma 

Lung 

Lung, retroperitoneal, 
LN 


Lung 

Lung 

Lung, liver, renal 
Soft tissue, renal, LN 


Reral, adrenal, lung, 
LN 


Lung 

Lung, LN 

Lung, liver, renal 
Lung, pancreas 
Lung, renal, bone 
Soft tissue, LN, lung 
Lung, LN, liver, renal 


Lung, LN, paraspinal 
mass 


Lung, liver, soft 
tissue, LN 


Lung, liver 
Lung, bone 


Lung, liver, adrenal, 
LN 


Lung, liver, renal, LN, 
pelvis 

Lung, LN 

Lung, LN, soft tissue 

Lung, LN, soft tissue 


Surgery 
Surgery 


Surgery 
Surgery 
None 

Surgery 
Surgery 


Surgery 
Surgery 
Surgery 
Surgery 
Surgery 
Surgery 
Surgery/ 





ee F. 


interferon 


Surgery 
Surgery 


Surgery 
Surgery 
Surgery 


Surgery 


Surgery 
Surgery 





Surgery 


than 16 weeks. They all had adequate organ function, defined by 
the following laboratory values: bilirubin, less than 27 pmol/L; 
serum creatinine, less than 180 pmol/L; and forced expiratory 
volume in 1 second, greater than 75% of predicted. All patients 
also had adequate hematologic values, including a hemoglobin 
value ter than 100 g/L, platelet counts greater than 
100 x 10°/L, and granulocyte counts greater than 1.5 x 10°/L. Pa- 
tients were required to have neither significant cardiovascular 
abnormalities, prior malignant neoplasm, nor previous immu- 
notherapy with IL-2. Serologic studies for human immunodefi- 
ciency virus and hepatitis B surface antigens were negative. Ne- 
phrectomy was recommended before entry into the study for 
patients with renal cell carcinoma. 

A total of 43 patients were entered into the protocol; 23 had 
renal cell carcinoma, and 20 had melanoma (Table 1). Two of the 
patients with melanoma were taken out of the study early in the 
course of treatment owing to the development of brain metastasis 
and refractory anemia and were considered unassessable for re- 
sponse. The ages of the patients with melanoma ranged from 33 
to 69 years. Only four patients had one known site of metastatic 
disease, and five patients had four or more sites of metastases 
(Table 1). 

The treatment of three patients with renal cell carcinoma not 
assessable for response was discontinued early in the cycle owing 
to toxic reaction (two) or noncompliance (one). Sixteen of the 
assessable 23 patients with renal cell carcinoma were male. The 
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Table 1.—Characteristics of Patients* (cont) 


Patient 
No/Age, 
y/Sex 


Treat- 
ment 
Arm Sites of Disease 
Melanoma 
24/59/F — Adrenal, LN Surgery, 
chemotherapy, 


immunotherapy 
25/63/F 
26/59/M 


Liver, kidney Surgery 


Lung, adrenal, soft Surgery 


tissue, LN 


27/48/M Surgery, 


chemotherapy 


Axillary mass 


28/69/F Surgery, 


chemotherapy 


Liver, spleen, LN, 
subcutaneous 


Subcutaneous 


Adrenal, LN, soft 
tissue 


31/40/M_ LN 
32/46/F 


29/50/M 
30/63/F 


Surgery 
Surgery 


Surgery 


Surgery, 
chemotherapy 


Lung, liver 


33/46/M Lung, bone, soft Surgery 


tissue 
34/55/F 
35/43/M 
36/36/M 


Liver Surgery 


Liver, lung Surgery 


Lung, adrenal, Gl, 
soft tissue 


Liver, LN 
Liver, LN 


Lung, liver 


Surgery 


37/33/F 
38/47/F 
39/62/F 
40/55/M 


Surgery 
Surgery 
Surgery 


Chemotherapy, 
hormonal 
therapy 


Lung, liver, bone, LN 


41/51/M _ Adrenal, LN, bone, 


subcutaneous, GI 


Surgery 


42/49/M Surgery 


Lung, liver, spleen, 
adrenal, LN, soft 


tissue 


A 43/55/M Lung, LN, soft tissue Surgery, 
chemotherapy, 


interferon 





*LN indicates lymph node; Gl, gastrointestinal. Treatment arm A 
included interleukin 2 plus lymphokine-activated killer cells; arm B, 
interleukin 2 alone. 


ages ranged from 41 to 66 years. Sites of disease included lung 
in 22, lymph nodes in 13, soft tissue in five, liver in seven, pan- 
creas in one, adrenal in one, and pelvis in one (Table 1). Most 
patients had multiple sites of disease, and all but one had prior 
resections of primary or metastatic tumors. 


Treatment 

With the use of a computer-generated randomized code list, 
eligible patients were centrally randomized to receive either IL-2 
plus LAK cells or IL-2 alone. The recombinant IL-2 used 
(Hoffman-LaRoche Inc) was produced in Escherichia coli by re- 
combinant DNA techniques. Recombinant IL-2 (3 x 10° U/m? per 
day) was administered as a 24-hour CI for four cycles during a 
31-day period (Table 2). Patients randomized to receive LAK cells 
underwent leukapheresis on days 8, 9, and 10 and reinfusion on 
days 13, 14, and 15. 

LAK Cell Generation. —A slightly modified automated closed 
system was used to generate LAK cells to be infused into the 
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*| indicates interleukin 2, 3 x 10° U/m? per day; L, leukapheresis; and 
LAK, lymphokine-activated killer cell infusion. 


patients. Briefly, patients’ blood underwent leukapheresis using 
an automated blood cell separator (CS 3000, Fenwal Laboratories, 
Deerfield, Ill) to process 10 L of whole blood at a flow rate of 50 
mL/min. Subsequently, using the same separator, collected cells 
were depleted of contaminating granulocytes and red blood cells 
by centrifugation on Ficoll-Hypaque gradient. Cells were then 
washed of contaminating Ficoll-Hypaque and residual platelets. 
The bag containing washed mononuclear cells was subsequently 
used to establish LAK cell cultures. Aliquots of cell suspension 
and medium were distributed to 1-L polyolefin bags to obtain 500 
mL of culture volume per bag at 3 x 10° cells per milliliter using 
the cell separator. Tissue culture medium consisted of RPMI 1640 
medium supplemented with 2 mmol/L of glutamine, 50 mg/L of 
gentamicin sulfate, 2% human AB serum, and 1000 U/mL of re- 
combinant IL-2. Cells were cultured for 5 days in a 7.5% carbon 
dioxide, 37°C, humidified atmosphere and then harvested using 
the same (CS3000) cell separator and resuspended in 200 mL of 
physiologic 0.9% saline, with 5% human albumin and 25 000 U 
of recombinant IL-2. This suspension was subsequently infused 
into the patient. 

For the remaining patients, the procedure for LAK cell gen- 
eration was slightly modified. A total of 12 L of blood was pro- 
cessed during leukapheresis and a second saline cell wash was 
substituted for the Ficoll-Hypaque centrifugation step. Culture 
medium was changed to complete serum-free media (AIM-V, 
Gibco, Grand Island, NY). Patients were treated in an inpatient 
setting at either Emory University Hospital or its affiliate Wesley 
Woods Geriatric Hospital, Atlanta, staffed by either oncology 
nurses or general staff nurses trained by cancer center staff. Pre- 
ceding treatment, all patients underwent placement of a central 
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venous Hickman catheter (Davol, Cranston, RI). 

Management of Toxic Reaction. — Patients were premedicated 
with 650 mg of oral acetaminophen and then every 4 hours as 
needec for control of high fever. In addition, meperidine hy- 
drochleride, 25 to 50 mg intravenously, was given every 2 hours 
for chills, and diphenhydramine hydrochloride, 50 mg intrave- 
nously_ every 4 hours as needed for rash or itching. Diuretics 
were g-ven for weight gain greater than 1 kg/d. For rest days, 
patients were discharged home to return for further treatment. 


Assessment of Response 

Strict oncologic criteria were utilized to evaluate response. 
Complete remission was defined as the disappearance of all clin- 
ically detectable disease for at least 1 month. Partial remission was 
defined as greater than 50% reduction in the sum of the products 
of the perpendicular diameters of marker lesions and no pro- 
gression of any existing lesions or development of new lesions 
for at least 1 month. Stable disease was defined as stabilization 
of all exssting lesions with no new lesions developing; progressive 
disease, greater than 25% increase in the sum of the products of 
the perpendicular diameters of marker lesions, or the appearance 
of new lesions. 

Assessment of tumor response, usually by radiologic evalu- 
ation, was performed at day 60 and every 4 weeks following treat- 
ment amd/or on completion of or termination from the study. 
Patients demonstrating progressive disease or significant toxic 
reaction were removed from the study. Responding patients 
were re-treated with a second cycle between 2 and 4 weeks after 
a respor se was determined. All patients with stable disease were 
eligible -or a second treatment cycle at the discretion of the treat- 
ing physician and the sponsor and were evaluated at monthly 
intervals. 


RESULTS 
Renal Cell Carcinoma 

Twenty assessable patients with metastatic renal cell 
carcinona were treated with a total of 21 complete cycles 
of IL-2 or IL-2 plus LAK cells. Of these, 11 were random- 
ized to -he IL-2 alone treatment arm. No complete or par- 
tial responses were documented. Mixed responses were 
noted in two patients. Patient 9 (Table 1) presented with 
four srrall (<1 cm) pulmonary metastases and his chest 
roentgenogram demonstrated complete clearing after one 
cycle of IL-2 alone. A chest computed tomographic scan, 
however, suggested the possibility of a new nodule, and 
the patient was subsequently later treated with IL-2 plus 
interferon alfa. Chest roentgenographic findings re- 
mained normal, but computed tomographic scans sug- 
gested disappearance of two nodules and appearance of 
a new esion. Eventually, thoracotomy was performed 
with resection of three residual lesions histologically di- 
agnosed as benign “focal pneumonitis.” This patient may 
well have had a complete response to the IL-2 regimen but, 
owing strict criteria, we have not included him, espe- 
cially since he was later treated with IL-2 plus interferon 
alfa. 

Patient 2 (Table 1), with lung and retroperitoneal nodule 
involvement, was treated with IL-2 alone. Virtually com- 
plete clearing of pulmonary disease was noted while the 
abdominal disease remained stable. He was treated with 
a second course of IL-2 without benefit. 

Ten cf the patients with renal cell carcinoma were 
shown to have progressive disease following completion 
of one cycle of IL-2 therapy; seven remain alive. The re- 
maining eight patients were noted to have stable disease; 
seven are still alive. 
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Cardiac 12 6 


Pulmonary 16 5 12 4 
Renal 5 3 8 0 
Nausea/vomiting 13 10 11 7 
Diarrhea 6 8 6 9 
Anorexia 8 13 9 11 
Mucositis 8 3 4 1 
Chills 7 11 9 8 
Rash/flushing 12 7 16 3 
Itching 8 2 7 1 
Peripheral edema 13 5 11 2 
Weight gain 5 3 10 2 
Neurologic 12 3 9 3 
Hepatic 2 1 3 0 
Pain 

Abdominal 5 2 9 0 

Other 6 6 4 4 
Infection 3 1 1 0 
Hematologic 1 3 5 5 
Weight loss 1 0 3 2 
Constipation 1 0 3 1 
Fatigue 4 3 1 0 
Hair loss 1 2 1 








*In the group with renal cell carcinoma, 12 had a blood pressure 
below 90/50 mm Hg and 16 had a temperature above 38.9°C; in the 
group with melanoma, these numbers were five and 18, respectively. 


Melanoma 

Eighteen patients with metastatic melanoma received at 
least one entire course of IL-2 or IL-2 plus LAK cells and 
were assessable for response. Ten patients were random- 
ized to receive the IL-2 plus LAK regimen. Two patients 
were assessable for texic reaction only owing to early dis- 
continuation of treatment. 

There were no ebjective responses achieved. One pa- 
tient (patient 28, Table 1) demonstrated a partial response 
in the liver only. The number of liver nodules decreased 
from greater than 5 to four, while subcutaneous and skin 
disease remained stable. A second cycle of treatment was 
administered, after which progressive disease was noted. 

Of the patients with progressive disease, only three (pa- 
tients 37, 38, and 43, Table 1) are alive at 13, 11, and 2 
months after treatment. Three of the four patients with 
stable disease are alive at 16, 15, and 8 months after treat- 
ment. The disease in all patients stable after the first cycle 
of IL-2 therapy progressed within 3 months. 


Dosages of LAK Cells Administered 
Ten patients underwent leukapheresis using the Ficoll- 
Hypaque process. The average number of viable cells 
transfused was 19.7 x 10°. After the non-Ficoll Hypaque 
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Toxic 
Reaction Grade Action Taken 


Renal Cell Carcinoma 


Patient 
No. 

















2 Weight gain lll 50% decrease Stable 

5 Facialedema Il Drug decreased Stable 
50% day 16 

6 Cardiac Ill Drug withdrawn Inevaluable 
day 24 owing to PD 
tachycardia 

9 Pulmonary ill Cycle 2, day 13: PD 
dose decreased 
50% owing to 
dyspnea 

11 Neurologic Ill Drug withdrawn PD 
day 21 

13 Cardiac Il 50% decrease Stable 

14 Gl lll 50% decrease, PD 
unrelieved 
nausea, 
vomiting 

18 Hypotension Ill Drug withheld PD 
3 d owing to 
hypotension 

Melanoma 

31 Neurologic II IL-2 withdrawn PD 
1 wk 

32 Cardiac Ill Drug withdrawn PD 
day 29 owing 
to tachycardia, 
arrhythmia 

29 Neurologic Il Drug withdrawn Unassessable; 
day 14 owingto CT revealed 
disorientation brain 

metastases 

16 Hematologic il Therapy stopped Unassessable 
after day 1 
owing to 
refractory 
anemia 





*IL-2 indicates interleukin 2; PD, patient died; GI, gastrointestinal; 
and CT, computed tomography. 


process was initiated, the average yield rose to 33.7 x 10”. 

Analysis of in vivo and in vitro immune values and LAK 
generation yielded several observations of interest. 

1. There was a profound decrease in the ability of cells 
collected in each subsequent leukapheresis to generate 
LAK activity in vitro. Similar numbers of cells collected 
during the first leukapheresis (day 8) generated signifi- 
cantly more activity against target cells than cells from the 
second and third leukapheresis procedures combined. 
Cells from day 9 leukapheresis generated almost two times 
the cytotoxic activity per equivalent number of cells as 
those cells collected on day 10. 

2. The numbers of both eosinophils and large granular 
lymphocytes significantly increased after an initial rise at 
day 8 and did not reach a plateau during the treatment 
period. A small population of cells with a large granular 
lymphocytic structure bearing HNK-1 and CD16 surface 
markers that appeared at the beginning of IL-2 therapy 
gradually increased over the 32-day treatment period, av- 
eraging a 25-fold increase, yet did not plateau at the end 


Melanoma and Renal Cancer—Koretz et al 901 






of this period when IL-2 therapy was discontinued. 

3. There were no significant differences observed re- 
garding natural killer/LAK cell activity between patients 
treated with IL-2 alone vs those treated with IL-2 and LAK. 


Toxic Reactions 

A wide range of toxic reactions was observed similar to 
those reported in previous IL-2 trials; these were managed 
symptomatically. Toxic reaction was not cumulative and 
generally varied weekly during the 31-day cycle. Grade I 
and II toxic reactions were common (Table 3) and were 
usually reversible within 48 hours following completion of 
weekly infusion. No patient was transferred to an inten- 
sive care setting, and no hypotension requiring pressors 
was encountered. In one patient, a staphylococcal wound 
infection developed, requiring removal of the Hickman 
catheter. Twelve of the 43 patients had dose adjustments 
for toxic reactions (Table 4). No myocardial infarctions 
were documented in patients experiencing grade III car- 
diopulmonary toxic reaction. 


COMMENT 

Much enthusiasm has been generated in the oncology 
community since the report by Rosenberg et al? in 1985 of 
significant responses in patients with metastatic cancer 
treated with IL-2 and LAK cells. Experience of the extra- 
mural National Cancer Institute (NCI) IL-2 LAK working 
group has also shown modest activity of high-dose bolus 
IL-2 and LAK cells, witha 19% response rate in melanoma 
and 16% in renal cell carcinoma.’ Since the regimen of 
Rosenberg et al caused considerable toxic reaction with 
deaths reported, efforts to decrease the toxic reactions of 
IL-2 therapy while maintaining or increasing its efficacy 
have been pursued. 

One alteration explored in IL-2 regimens has been CI 
IL-2. Phase I/II studies have demonstrated a dose of 3 x 10° 
U/m* per day of IL-2 to be well tolerated while maintaining 
potent immunomodulatory effects. A high-dose CI IL-2 
trial appeared to yield response rates equivalent to those 
with the high-dose bolus (Rosenberg et al) regimen. How- 
ever, other recent reports of CI IL-2 regimens have 
achieved response rates as low as 3% (1/39 partial re- 
sponse).° 

Experience in our single institution has not confirmed 
previous reports of significant responses in patients with 
melanoma and renal cell cancer treated with CI IL-2. No 
objective responses were documented in the 38 assessable 
patients treated with IL-2 with or without LAK cells. Treat- 
ment with IL-2 did not appear to affect the natural history 
of metastatic melanoma and renal cell cancer in this series 
of patients. A factor responsible for lack of efficacy in this 
series may have been patient selection; the majority of pa- 
tients had multiple sites of metastatic disease with a large 
tumor burden. Significant in vivo immunomodulatory ef- 
fects were noted, with marked lymphocytosis and LAK 
activity in the majority of patients. Treatment was admin- 
istered in a conventional ward setting and was generally 
well tolerated with an acceptable level of serious toxic re- 
action. No patients required pressors for hypotension or 
transfer to an intensive care setting. 

Further randomized trials will be necessary to deter- 
mine the role of IL-2 in the treatment of cancer. Such stud- 
ies comparing bolus with CI IL-2 are ongoing in NCI- 
sponsored groups. We did not confirm previously 
published reports of significant responses to CI IL-2 reg- 
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imens. The question as to whether high-dose IL-2 (which 
causes high toxic reaction) is necessary for optimal anti- 
tumor activity has not been answered. While the NCI 
group has considered high-dose IL-2 to be required, 
Mitchel et al” and Schoof et al’® have reported significant 
responses in both melanoma and renal cell cancer utilizing 
low-dose bolus IL-2, which was well tolerated in an out- 
patient setting. 

The eddition of adoptively transferred LAK cells did not 
result in any response compared with IL-2 alone in our 
instituton. Experience at the NCI has suggested that more 
complete remissions were seen in patients with melanoma 
treated with LAK cells, but other centers have noted sim- 
ilar response rates with IL-2 alone.’ The contribution of 
LAK ce ls will be defined by studies currently ongoing in 
the NC and the extramural group. 

Even the most optimistic series demonstrate that IL-2 
regimens are active in only a minority of patients. Despite 
intense investigation, accurate predictors or response 
have nct been determined. The intensity of LAK activa- 
tion, lymphocytosis, and the magnitude of major histo- 
compatibility complex antigen expression on tumor cells 
have nct accurately predicted response. 

Our experience has demonstrated the feasibility of treat- 
ment w th CI medium-dose IL-2 in a conventional ward 
setting with acceptable toxic reaction. Absence of life- 
threatering toxic reactions was gratifying, especially in 
this era of cost containment. Therefore, a similar regimen 
that appears to have active in vivo immunostimulatory 
effects may be applicable to protocols containing other bi- 
ologic response modifiers, including interferon alfa, mon- 
oclonal antibodies, or chemotherapeutic agents. Such a 
multi-institutional trial combining IL-2 and interferon alfa 
is now under way. Finally, we believe that the science of 
modulation of the human immune system for the treat- 
ment of =ancer is in its infancy; at this stage, neither un- 
justified optimism nor unwarranted pessimism seems in- 
dicated. Further clinical study with IL-2 and other 
cytokines will help to define this mode of therapy for pa- 
tients with cancer, possibly even in an adjuvant setting. 


This study was supported by the Clinical Research Division 
Hoffman-LaRoche Inc. 
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ARCHIVES OF PATHOLOGY AND LABORATORY MEDICINE 


Histocompatibility Testing in Transplantation 


Paul I. Terasaki, PhD 


The question of whether or not HLA is important in transplantation can now be 
answered with a definite yes. The nationwide six-antigen—matching program, in which 
over 100 US transplantation centers have participated, has shown that a high (88% to 
90%) 1-year graft survival rate can be achieved when kidneys are shipped to well- 
matched recipients. Long-term outcome (measured as half-life) is also markedly im- 
proved, from an average of 7 years for cadaveric donor transplants to as much as 19 
years in the six-antigen—matched recipients. One of the major factors influencing long- 
term survival is histocompatibility matching, as shown by the survival differences 
among HLA-identical siblings (25-year half-life), one-haplotype-mismatched parental 
donors (12-year half-life), and two-haplotype-mismatched cadaveric donors (7-year 
half-life). For the past 25 years of kidney transplant experience, cadaveric donor half-life 
has remained stable at 7 years, despite many improvements in immunosuppression 
protocols. Histocompatibility matching unquestionably offers the best approach to 
prevention of chronic rejection. (Arch Pathol Lab Med. 1991;115:250-254). 


Reprint requests to Department of Surgery, UCLA School of Medicine, 950 Veteran Ave, Los Angeles, 


CA 90024 (Dr Terasaki). 
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Clinical Note 


5 ik 7 nga ee ann a ie RR EM E 


Inflammatory Pseudotumors of the Spleen 


David Safran, MD; John Welch, MD; W‘lliam Rezuke, MD 


@ Inflammatory pseudotumors are uncommon benign le- 
sions that have been found in numerous organ systems. How- 
ever, their appearance within the spleen is decidedly rare. 
Grossly, pseudotumors appear as well-circumscribed, en- 
capsulated masses, while microscopic examination reveals 
a polymorphous inflammatory cell infiltrate occurring vari- 
ably with granulomatous reaction, fibrosis, and cell necrosis. 
Because they often present either as unexplained, asymp- 
tomatic masses or with vague constitutional symptoms, 
splenic inflammatory pseudotumors can raise suspicion for 
a primary splenic neoplasm, such as lymphoma. Splenec- 
tomy is the treatment of choice. 
(Arch Surg. 1991;126:904-908) 


i nflammatory pseudotumors (IPs) are benign lesions 
that have been identified in numerous different tis- 
sues.’ Their appearance within the lymphoreticular sys- 
tem, however, is rare. Pseudotumors have been described 
in the liver (14 cases),** lymph nodes (seven),° thymus 
(one),° and tonsil (one). To date, 10 patients with isolated 
IPs of the spleen have been described in the literature. 
Because they often present with vague constitutional 
symptoms, these splenic masses have frequently been 
mistaken for lymphomas, and only splenectomy, followed 
by pathologic examination, has established the correct di- 
agnosis. 

A patient recently treated at the Hartford (Conn) Hos- 
pital was found to have an IP of the spleen. This case is 
detailed herein, along with a review of the pertinent lit- 
erature. 


REPORT OF A CASE 

A 53-year-old woman was admitted to the hospital after ex- 
periencing weakness, lethargy, myalgias, and arthralgias for 
1 year. Workup for this problem had commenced approximately 
10 months before admission, and iron deficiency anemia had 
been noted. She was treated empirically with iron supplements, 
with little improvement in her symptoms. Colonoscopy was per- 
formed, but no abnormalities were found that could account for 
her anemia. However, an upper gastrointestinal tract series dem- 
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onstratec a mass involving the stomach (Fig 1), and esophago- 
gastrosccpy subsequently revealed a small gastric ulcer, along 
with a larze, extraluminal mass impinging on the gastric fundus. 
An abdoninal computed tomographic scan was obtained (Fig 2), 
showing a large mass arising from the spleen, with central ne- 
crosis. The radiologic appearance was unusual for a primary 
splenic nzoplasm but was believed to be consistent with lym- 
phoma, abscess, hematoma, or a necrotic metastasis. 

The patient’s medical history had been significant only for mild 
hypertension. She had undergone elective cholecystectomy and 
hysterectemy in the past. She denied alcohol or tobacco abuse 
and had ro known risk factors for human immunodeficiency vi- 
rus-related infection. Physical examination at the time of hospital 
admissior was unremarkable, with no jaundice, adenopathy, ab- 
dominal tenderness, palpable organomegaly, or masses. Elec- 
trocardiography and chest roentgenography were normal. Rou- 
tine admission blood tests demonstrated a mild anemia 
(hematocrit, 0.36), while all other laboratory values were normal. 
On the day after admission, elective splenectomy was per- 
formed. Æ large tumor was situated in the hilum of the spleen, 
without extension to adjacent organs (Fig 3). A frozen section was 
thought te be suspicious for a lymphoproliferative disorder; ac- 
cordingly, a bone marrow biopsy specimen was taken immedi- 
ately after the operation. The patient’s subsequent postoperative 
course was unremarkable, and she was discharged from the hos- 
pital on the sixth postoperative day. 

Analysis of the bone marrow biopsy specimen revealed mild 
hypercellularity, with no evidence of a neoplastic process. Patho- 
logic examination of the spleen demonstrated a 510-g specimen, 
including a 9x 8 x 8-cm, well-circumscribed tumor (Fig 4). The 
tumor was tan and encapsulated, arising from the deep splenic 
parenchyma, abutting the hilum, and surrounding the splenic 
vasculatur2. In some areas, it was soft and necrotic. Microscopic 
examinaticn of the mass showed a varied histologic appearance. 
Viable arees of tumor consisted of a polymorphous population 
of lymphoeytes, histiocytes, plasma cells, eosinophils, immuno- 
blasts, and occasional Reed-Sternberg-like cells (Fig 5, top left). 
Focally, there were areas of bland necrosis rimmed by palisading 
histiocytes multinucleated giant cells, and neutrophils (Fig 5, top 
right). In o-her areas, the tumor was composed of plump spindle 
cells, whica appeared to be arranged in a storiform pattern (Fig 
5, bottom left). Areas of sclerosis were also focally prominent (Fig 
5, bottom ight). Examination of splenic hilar lymph nodes re- 
vealed onlr reactive changes. Special histochemical stains were 
negative for fungus, bacteria, acid-fast organisms, and amyloid. 
A panel of monoclonal antibodies, including CD45 (LCA), CD20 
(L26), CDw75 (LN1), CD74 (LN2), CD45RO (UCHL-1), CD30 (Ki- 
1), and CD_5 (Leu-M1), was used to exclude Hodgkin's disease. 
Analytic cytometry performed on a cell suspension from the tu- 
mor showed a predominance of T cells, with a smaller population 
of polyclonal B cells. Deoxyribonucleic acid hybridization studies 
performed əy Southern blot analysis demonstrated the absence 
of clonal B- and T-cell rearrangements. Based on these studies, 
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Fig 1.— Upper gastrointestinal tract barium constrast study demon- 
strating a large filling defect along the gastric fundus, with evidence 
of mucosa! ulceration. 





Fig 2.—Abdominal computed tomographic scan demonstrating a 
large heterogeneous mass within the substance of the spleen. 


a diagnosis of lymphoma could be excluded, and that of IP was 
established. Subsequently, histologic sections from the tumor 
were submitted to the National Institutes of Health for review, 
leading te a confirmation of the diagnosis. 


COMMENT 

Inflammatory pseudotumors have been found in many 
organ systems, inclucing the cardiorespiratory, pancre- 
aticobiliary, skeletomuscular, endocrine, reticuloendo- 
thelial, and central nervous systems, as well as the gas- 
trointestinal and genitourinary tracts.’ The first two 
reported cases of IP of the spleen were by Cotelingam and 
Jaffe in 1984,° with eight additional cases of IP isolated to 
the spleen having been described in the literature since 
then.” ** Another case of splenic IP recently diagnosed at 
a neighboring hospital (Fig 6), and confirmed by consul- 
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Fig 4.—Cut section of the spleen, revealing a well-circumscribed, 
encapsulated tumor (9 x 8x 8 cm). 


tation with our pathology department, brings the total 
number of cases of IP of the spleen to 12 (Table). One 
splenic IP was found incidentally during the postmortem 
examination of a 37-year-old woman who had died of com- 
plications of severe coronary artery disease.** Of the 11 
living patients in whom an IP of the spleen was found, 
three had experienced symptoms directly attributable to 
the presence of a splenic mass, prompting appropriate di- 
agnostic investigation and ultimately leading to the dis- 
covery of a splenic IP. In five patients, the pseudotumor 
was found inadvertently during evaluation for apparently 
unrelated maladies. 

The cause of IP is unknown. Histologic findings are con- 
sistent with a polymorphous inflammatory cell infiltration 
occurring in response to some unidentified stimulus. For 
pulmonary IPs, previous respiratory infection was once 
thought to be an important etiologic factor but has been 
associated with less than one third of affected patients.” 
Wu et al’° assigned the development of gastric IPs to the 
inflammation accompanying gastric ulceration. In the case 
of splenic IPs, regions of parenchymal necrosis, along with 
microscopic evidence of previous hemorrhage, have been 
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associated with the polymorphous cellular infiltrate, im- 
plicating trauma-induced cell death as a possible stimulus 
for subsequent inflammation. Constitutional symptoms, 
such as fever and malaise, as well as a leukocytosis often 
accompany IP formation, lending support for a possible 
infectious cause. However, cultures and histochemical 
stains of involved splenic parenchyma have failed to iso- 
late any infectious source, indicating that these symptoms 
probably represent a nonspecific, systemic reaction to the 
underlying process. 

Because plasma cells invariably form part of the inflam- 
matory cell infiltrate, an immunologic basis for IP forma- 
tion has also been postulated. Someron?” discussed the 
possibility of an autoimmune mechanism underlying IP 
formation, while Perrone et al? suggested that the cytokine 
interleukin 1, an endogenous pyrogen produced predom- 
inantly by monocytes and macrophages that can effect leu- 
kocytic migration, as well as expansion of T- and Fig 6.—/n Jammatory pseudotumor of the spleen treated at a nearby 
B-lymphocyte populations, '® may play a central role in the hospital; gross and microscopic examination of the specimen at the 
pathogenesis of IPs. Overall, it would seem that IP for- Hartford eConn) Hospital confirmed the diagnosis. 
mation may be the result of an exaggerated, nonspecific 
inflammatory or immune reaction that can occur in re- 
sponse to many different stimuli. Patients who go on to _— multiple nodules have been reported for IPs of the spleen 





suffer IPs might be predisposed to such exaggerated re- and the iver.*"! Individual tumor size in splenic IPs has 
sponses, perhaps owing to genetic or other factors. varied from less than 1.5 to 17 cm. When multiple tumor 

Grossly, pseudotumors arise within the substance ofthe nodules rave been found they have been smaller than sol- 
spleen as discrete, well-circumscribed, sometimes lobu- itary lesions, suggesting that large tumor masses might 


lated masses. They are generally solitary lesions, although form via the coalescence of smaller lesions. Small multiple 
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Patient Age, y/Sex 






63/F 





*LUQ indicates left upper quadrant; PE, physical examination. 


form via the coalescence of smaller lesions. Small multiple 
nodules and large singular masses may therefore repre- 
sent two points in the temporal spectrum of IP pathogen- 
esis. 

On cut section, IPs can appear as gray, tan, pink, white, 
or yellow, with the predominant color reflecting the more 
prominent aspects of the underlying histologic composi- 
tion. Microscopically, anumber of histologic patterns have 
been described, all sharing the theme of an inflammatory- 
reparative cycle. Someron”’ classified IPs into three his- 
tologic types, based on the predominant cellular compo- 
nent: xanthogranulomas (prominent histiocytic cellular 
component), plasma cell granulomas (prominent plasma 
cell component), and sclerosing pseudotumors (obvious 
sclerotic features). Within the spleen, granuloma forma- 
tion with multinucleated giant cells has commonly been 
described, accompanied by an abundant polymorphous 
leukocytic infiltrate, which may include lymphocytes, 
plasma cells, polymorphonuclear leukocytes, mast cells, 
foamy macrophages, and eosinophils. Zones of bland or 
caseous cell necrosis are usually found at the core of this 
dense cellular reaction, with reactive lymphoid hyperpla- 
sia frequently surrounding the more polymorphous in- 
flammatory region. Occasionally, deposits of erythrocyte 
breakdown products are seen, including hemosiderin, he- 
matoidin, and cellular debris. Often there is fibroblastic 
reaction with hyalinization of the connective tissue matrix. 
Fibroplastic, reparative changes may be found centrally 
and peripherally, often leading to the formation of a well- 
defined, fibrous capsule. Encapsulation, absence of dys- 
plastic elements, and the polyclonal character of involved 
lymphocyte populations confirm the nonneoplastic na- 
ture of the process.’” 

Burke and Osborne” described seven patients in whom 
solitary splenic nodules had been discovered, with sub- 
sequent histologic examination demonstrating focal lym- 
phoid hyperplasia. All of these patients had underlying 
diseases that typically may involve the spleen; there were 
six cases of lymphoma and one of autoimmune hemolytic 
anemia. Although lymphoid hyperplasia was the prom- 
inent histopathologic change, it was accompanied by a 
polymorphous inflammatory cell infiltrate and irregular 
zones of fibrosclerosis. Burke and Osborne pointed out 
that although diffuse, nonspecific, lymphoid hyperplasia 
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Twelve Cases of Isolated Inflammatory Pseudotumor of the Spleen* 
nett Presenting Symptoms 






- Cotelingam and Jaffe,’ 1983 66/M Dyspepsia, weight loss, vomiting 11.5x11x11 
60/M Known Hodgkin's disease, staging laparotomy 3.0 
Misawa et al,? 1985 50/M Not available 6xX4.5x4 
Alpern et al,'° 1986 67/F Nausea, LUQ fullness, multiple unexplained febrile illnesses 6x66 
McMahon," 1988 37/F Found at autopsy Up to 1.5 (multiple) 
Sheahan et al,'? 1988 34/M Severe LUQ pain 8.5755 
Middle-aged/M Gastric bleeding, splenomegaly on PE 11 
75/F Gradually progressive, splenomegaly 
Chang et al, 1989 64/... R flank pain, chills, fever 8x6xX6 
Wiernick et al,'* 1990 66/M Malaise, fever, hepatitis, hepatosplenomegaly 11.5X7.5x6.5 
Present study 53/F Weakness, lethargy, myalgias 9x8x8 


7} re ee = 







Size of Tumor, cm 





10 





is not uncommon in the spleen, localized regions of re- 
active hyperplasia are rare, and the authors suggested that 
these findings might represent a contained, focal reaction 
to some antigenic stimulus. Although Wiernick et al,'* in 
a recent review of splenic IPs, dismissed the lesions as 
being completely distinct from IPs, lesions such as these 
may represent a forme fruste of the full-blown cellular re- 
sponse that leads to the formation of a mature pseudo- 
tumor. Changes consistent with partial or early pseudo- 
tumor formation within the spleen were also noted by 
Perrone et al” in a patient with pseudotumorlike changes 
of the lymph nodes, indicating that IP formation may rep- 
resent a localized process mediated by systemic factors. 
Complete remission of this patient’s symptoms occurred 
only after treatment with corticosteroids, lymphadenec- 
tomy, and splenectomy, lending support for this hypoth- 
esis and suggesting that even early pseudotumorlike 
changes may be associated with the development of sys- 
temic symptoms. 

The primary clinical significance of IPs in any organ sys- 
tem is the recognition of their benign nature and avoid- 
ance, if possible, of unnecessary intervention. Yet the find- 
ing of an unexplained mass in the spleen, or in any part 
of the reticuloendothelial system, necessitates biopsy or 
resection to exclude the possibility of malignant neoplasia. 
Fortunately, the immediate morbidity and mortality as- 
sociated with elective splenectomy are low. Although 
splenectomy has been associated with an increased inci- 
dence of severe sepsis, the risk is substantially less for 
older individuals than for children.*’ Unlike IPs of the 
liver, those arising within the spleen have been found 
solely in adults, and so splenectomy continues to be a safe 
way of assuring accurate diagnosis. Splenectomy seems to 
be a curative intervention as well. Berardi et al”? reviewed 
145 cases of IP of the lung and found that, following re- 
section of the tumor, there were two cases of local recur- 
rence, both of which probably resulted from incomplete 
initial resection. However, malignant transformation, lo- 
cal invasion, or metastatic spread of IPs arising within the 
lung or any other organ have never been reported. Sple- 
nectomy therefore remains the treatment of choice for 
splenic IPs, allowing the surgeon to exclude the diagnosis 
of malignant neoplasia and to eliminate the potential for 
local recurrence of the pseudotumor. 
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To determine whether medical educators perceive a need for change in medical 
student education, we analyzed data from a 1989 survey of 1369 respondents from all 
US schools of allopathic medicine. Except for basic sciences faculty, a majority of ed- 
ucators stated that “fundamental changes” are needed in medical student education 
in the United States. Nearly three fourths of deans and associated deans reported the 
need for “fundamental changes” or “thorough reform.” At least 79% of educators 
voiced support for six specific reforms, such as rewarcing teaching excellence and 
increasing clinical education in ambulatory and community settings. While slight ma- 
jorities supported reducing class size and centralizing governance, substantial pro- 
portions stated that they would “work against” such reforms. Most educators reported 
thata broad base of support within the school would be essential for change. The survey 
suggests a restlessness among the leaders of medical ecucation. 

(JAMA. 1991;265:1002-1006). 


Reprint requests to The Robert Wood Johnson Foundation, Office of Health Statistics and Analysis, 
PO Box 2316, Princeton, NJ 08543-2316 (Dr Cantor). 
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Hepatobiliary Complications of Polyarteritis Nodosa 
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s @ Although polyarteritis nodosa (PAN) may result in throm- 
bosis or aneurysm formation in any organ in the body, he- 
patobiliary complications are unusual. We reviewed seven 
cases thatdemonstrated the diagnostic difficulties and ther- 
apeutic options available in the management of hepatobil- 
iary PAN. No consistent sign that indicated the severity of 
hepatobiliary PAN could be identified. In cases of throm- 
botic PAN, acalculus cholecystitis usually could be diag- 
nosed preoperatively. Early tissue diagnosis and aggressive 
intervention are required for appropriate patient treatment. 
If the diagnosis is umclear, a preoperative muscle or skin 
biopsy specimen is often helpful in establishing a tissue di- 
agnosis of PAN, even if no obvious pathologic condition is 
evident. Patients who undergo celiotomy for acalculus 
cholecystitis or peritoneal signs of an unclear origin should 
have tissue specimens (gallbladder wall, liver, or omentum) 
submitted for pathologic study. Angiography may be diag- 
nostic preoperatively or when results of biopsies are equiv- 
ocal. In addition, ear'y angiography can define the extent of 
visceral involvement and permit control by embolization of 
hemorrhage secondary to aneurysm rupture. Awareness of 
the possibilities of thrombotic, ischemic, or bleeding com- 
plications from PAN allows more aggressive and rapid man- 
agement of abdominal complaints, especially in patients 
who are receiving immunosuppressant therapy. 
(Arch Surg. 1991;126:909-912) 


P olyarteritis nodose (PAN) is a necrotizing inflammatory 
vasculitis of small and medium muscular arteries asso- 


- ciated with immune complex deposition in vessel walls." 


The ensuing vasculitis may result in thrombosis or aneurysm 
formation in any organ in the body. A major cause of mor- 
bidity and mortality is gastrointestinal involvement.*° He- 
patobiliary complications secondary to thrombosis or aneu- 
rysm formation are unusual.°” We review seven cases from 
our institution that demonstrate these potential complica- 
tions and also the diagnostic difficulties and therapeutic op- 
tions available in the management of PAN. The three most 
recent, previously unreported cases are presented in detail. 
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MATERIALS AND METHODS 
Charts of seven patients who were treated at the Columbia- 
Presbyterian Medical Center, New York, NY, between 1962 and 
1989, with a confirmed histologic diagnosis of PAN were re- 
viewed. No patients with PAN and hepatobiliary complications 
were excluded from this study. 


RESULTS 

Five men and two women constituted the study group. 
Patient ages ranged from 33 to 84 years, with a mean age 
of 55 years. The Table outlines individual patient demo- 
graphics, temperature at admission, leukocyte count, 
erythrocyte sedimentation rate, values for serum alkaline 
phosphatase, total bilirubin, and aspartate and alanine 
aminotransferases, findings for hepatitis B surface anti- 
gen, radiologic evaluation of the biliary system, and out- 
come. No reliable sign that indicated the severity of he- 
patobiliary PAN could be identified. The conditions of five 
of six patients with thromboischemic complications of 
PAN were diagnosed as acalculus cholecystitis before op- 
eration. Three cases from our series are presented in detail 
below. 


REPORT OF CASES 

Case 1.—A 61-year-old woman presented to another facility 
with a 10-day history of fever, malaise, occipital headaches, and 
myalgias accompanied by a maculopapular rash that started on 
the thighs and spread to the arms and buttocks. She had been 
in wooded areas of New Jersey but did not recall any tick bites. 
She had been treated as an outpatient with both erythromycin 
stearate and tetracycline hydrochloride for presumed Rocky 
Mountain spotted fever, but abdominal crampy pain developed, 
and the patient was admitted for intravenous chloramphenicol 
sodium succinate therapy. Results of an examination at admis- 
sion were significant only for a temperature of 37.8°C, a fading 
maculopapular rash, and guaiac-negative stools. Initial labora- 
tory studies disclosed the following values: leukocytes, 
17.2 x 10°/L; hemoglobin, 109 g/L; serum creatinine, 336 pmol/L; 
and erythrocyte sedimentation rate, 140 mm/h. Urinalysis re- 
vealed 15 to 40 red blood cells per high-power field and 3 g/L of 
urinary protein with no casts. 

Therapy for the patient was started with intravenous metil- 
digoxin (Solu-Medrol) and chloramphenicol for treatment of ei- 
ther Rocky Mountain spotted fever with a secondary vasculitis 
ora primary vasculitis. Her hospital course was significant for the 
development of midepigastric and right-upper-quadrant crampy 
pain, along with guaiac-positive stools on hospital day 4. En- 
doscopy showed small, punched-out, benign-appearing ulcers in 
the body of the stomach and reddened duodenal folds. A gastric 
biopsy specimen showed normal mucosa. An abdominal roent- 
genogram revealed no free air. A computed tomographic (CT) 
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Age, y Temperature, °C WBCs x 10°/L ESR, mm/h 
1/61 37.8 17.2 140 
2/39 37.1 19.1 adit 
3/84 38.6 16.5 32 
4/63 38.3 18.2 41 
5/63 38.3 11.0 126 
6/33 37.4 10.2 ey 
7/40 i 6.0 74 


AP, U/L TB, pmol/L AST, U/L ALT, U/L HBsAg 
103 13 68 212 Negative 
169 73 100 135 Negative 
169 8 57 93 

32 27 90 60 Positive 
31 13 59 5 die 
6 6 48 10 


*WBCs indicate white blood cells; ESR, erythrocyte sedimentation rate; AP. serum alkaline phosphatase level; TB, total serum bilirubin level: AST, 
serum aspartate aminotransferase level; ALT, serum alanine aminotransferase leve; HBsAg, hepatitis B surface antigen; GS, gallstones; AXR, 
abdominal roentgenogram; and GI, gastrointestinal. Normal values are as follows: WBCs, <12.0 x 10°/L; ESR, <20 mm/h; AP, <100 U/L; TB, <20 


pmol/L; AST, <50 U/L; and ALT, <50 U/L. 


tRadiologic evaluation summarizes the results of radiologic studies performed, incuding oral cholecystogram, ultrasound, radionucleotide scan, 


and computed tomography. 


scan of the abdomen and a small-bowel contrast series were nor- 
mal. The serum amylase level was 48 U/L. The patient’s abdom- 
inal discomfort was thought to be due to duodenitis and gastritis, 
and she was treated with antacids with intermittent symptomatic 
relief. The Rickettsia rickettsii titer was elevated at 1:128. A skin 
biopsy specimen was nondiagnostic. Findings for antinuclear an- 
tibodies, cryoglobulins, hepatitis B panel, Lyme titers, and hap- 
toglobin were all normal. 

On hospital day 19, the patient experienced increased right- 
upper-quadrant pain that was sharp and continuous in nature, 
accompanied by hypotension, guaiac-positive stools, and a drop 
in the hemoglobin level from 110 to 69 g/L. A CT scan of the 
abdomen demonstrated a large hematoma in the right lobe of the 
liver with free blood in the peritoneal cavity. Review of the initial 
CT scan was reinterpreted as showing a possible mass in the right 
lobe. The patient was transfused with 3 U of packed red blood 
cells and transferred to our facility with a presumptive diagnosis 
of liver tumor or hemorrhage. 

At admission, results of physical examination were significant 
for tenderness and guarding in the right upper quadrant. An- 
giography demonstrated multiple aneurysms of the pancreatic, 
splenic, and right and left hepatic arteries, consistent with PAN 
(Fig 1). A peripheral right-sided hepatic aneurysm was presumed 
to be bleeding and was embolized on two successive occasions 
with absorbable gelatin sponge (Gelfoam) pledgets (The Upjohn 
Co, Kalamazoo, Mich) and three 3-mm coils (Cook Co, Bloom- 
ington, Ind) with cessation of bleeding. The patient was treated 
successfully with intravenous pulse cyclophosphamide and 
metildigoxin for 4 months. Her hospital stay was complicated by 
successfully treated Candida sepsis. Serial CT scans revealed grad- 
ual resorption of the hematoma without evidence of hepatic ab- 
scess formation. 

Case 2.—A 39-year-old man with a 1-year history of nasal pol- 
yps and asthma was admitted with a 1-month history of poly- 
neuropathy and abdominal cramping. At admission, results of 
examination were significant for decreased sensory and motor 
function in the lower extremities and eosinophilia; findings from 
an abdominal examination were normal. Treatment with pred- 
nisone was begun. A gastrocnemius muscle biopsy specimen re- 
vealed a necrotizing arteritis consistent with PAN. Severe neural 
involvement of all four extremities and the vocal cords ensued, 
and therapy with pulse cyclophosphamide was begun. On hos- 
pital day 3, the patient complained of periumbilical crampy pain. 
Results of the physical examination were significant for tender- 
ness to deep palpation in the right upper quadrant but no peri- 
toneal signs. The total serum bilirubin value was 46 umol/L, and 
the serum alkaline phosphatase value was 17 g/L. The patient 
continued to have right-sided abdominal pain without nausea, 
vomiting, or fevers. On hospital day 10, the patient experienced 
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a fever with a temperature of 38.3°C with chills, abdominal dis- 
tention, and worsening right-upper-quadrant pain with perito- 
neal sigas. The leukocyte count rose to 19.1 x 10°/L. Therapy with 
broad-spectrum antibiotics was started, and a chest roentgeno- 
gram re~ealed free air under the diaphragm. Celiotomy revealed 
diffuse peritonitis with perforation of the distal common bile duct 
and distal cystic duct with no gallstones present. Cholecystec- 
tomy and drainage of the perforated common bile duct were per- 
formed. Histologic study of the gallbladder demonstrated a ne- 
crotizing vasculitis with fibrinoid degeneration of arterial walls 
accompenied by diffuse thrombosis of an arterial lumen (Fig 2). 
On hospital day 23, the patient suffered an acute upper gas- 
trointestnal tract hemorrhage and was taken to the operating 
room wkere a bleeding necrotic gastroduodenal artery was over- 
sewn. Fave necrotic openings were identified in a 75-cm section 
of jejunum, and this segment of bowel was excised. Pathologic 
study of this specimen revealed ischemic necrosis of segments 
of jejunim with perforation and organized thrombi in the mes- 
enteric v2ssels. After a complicated postoperative course, the pa- 
tient was discharged with residual severe polyneuropathy. He 
has beer treated with prednisone and cyclophosphamide regi- 
men anc has been in remission for almost 4 years. 

Case 3.— An 84-year-old man with a history of carcinoma of the 
colon 3 y2ars before admission presented with intermittent right- 
quadran: pain that had increased during the preceding day. His 
temperature was 38.6°C, and physical examination revealed 
right-upper-quadrant tenderness and a palpable distended gall- 
bladder. Laboratory studies disclosed the following significant 
values: leukocytes, 16.5 x 10°/L; erythrocyte sedimentation rate, 
32 mm/h and serum alkaline phosphatase, 17 g/L. Ultrasound 
failed to demonstrate gallstones, although a radionucleotide 
(diisopropyl-phenylcarbamethyl immino diacetic acid, Desida) 
scan revealed cholecystitis. An abdominal CT scan demonstrated 
a right-upper-quadrant collection. Surgical exploration revealed 
dense adnesions in the right upper quadrant and a tensely dis- 
tended, thick-walled, inflamed gallbladder with local perfora- 
tion. The gallbladder was firmly adherent to the small bowel, and 
removal was not possible. A cholecystotomy tube was placed, 
and a bicpsy sample of the gallbladder was sent for pathologic 
study. Small stones and sludge drained through the cholecys- 
totomy tabe throughout the ensuing several days. Histologic 
study demonstrated small and medium artery inflammation and 
elastic fiber fragmentation consistent with PAN. The patient has 
done wel postoperatively with subsequent removal of the chole- 
cystotom, tube without complication. 


COMMENT 
Polyarteritis nodosa was first described by Kussmaul 
and Maier’’ in 1866. Immune complex deposition in vessel 
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Radiologic Evaluationt Outcome, mo 


Hepatic artery aneurysm, Alive, 11 
no GS or cholecystitis 

Free air on AXR Alive, 47 

Cholecystitis, no GS Alive, 6 

Cholecystitis, no GS Alive, 48 

Cholecystitis, no GS Alive, 15 

Cholecystitis, no GS Alive, 3 


Cholecystitis and GS Died, 10 (GI bleeding) 





walls has been thought to result in acute inflammation of 
the vessel wall with subsequent necrosis of the intima and 
media.!? The narrowed vessels may thrombose or form 
aneurysms; these can heal spontaneously, thrombose, or 
rupture. Immune complex deposition has been associated 
with hepatitis B surface antigen”’ or mixed cryoglobuline- 
mia,” but no association has been previously reported 
with Rocky Mountain spotted fever. 

The incidence of gastrointestinal tract involvement by 
PAN is more than 50% and remains among the most feared 
complications.’'** The prognosis appears to depend on 
the presence and degree of visceral involvement, espe- 
cially bowel and renal involvement."° The index of sus- 
picion should be higher in those patients who have ele- 
vated rheumatoid factor levels or active peripheral 
vasculitis, neurologic involvement, or thrombocytopenia. 
Narrowing of the affected vessels and decreased perfusion 
of the end organs may result in ischemic perforation. The 
cases reported above demonstrate the potential for aneu- 
rysm rupture or thrombosis of affected vessels in the he- 
patobiliary system. 

Ischemic necrosis and perforation of the appendix, 
gallbladder,’*'” common bile duct,’* small bowel,""*""” 
stomach,” and spleen™ have been described. Wold and 
Baggenstoss~* reported that within the gastrointestinal 
tract the most common site of disease is the jejunum (37%); 
the area least involved is the rectosigmoid colon (10%). 
Zizic and colleagues” claimed that detection of gas- 
trointestinal involvement by upper gastrointestinal tract 
contrast studies is helpful in only 20% of patients and by 
barium enemas in none. 

Rupture of aneurysms is seen more commonly in mes- 
enteric orrenal vessels and can lead to significant gastrointes- 
tinal or intra-abdominal hemorrhage.”**** The hepatic ar- 
teries are a frequent site of ongoing arteritis*’; however, 
rupture of a hepatic aneurysm is rare and has been described 
only four times previously, to our knowledge.*” 

Critical to the proper treatment of patients with PAN is 
(1) a working knowiedge of the broad range of clinical pre- 
sentations of patiemts with vasculitis, (2) early tissue di- 
agnosis, and (3) aggressive intervention, when indicated. 
Establishing a diagnosis of PAN amid confounding factors 
remains difficult. McCauley and coworkers'* reported 
that minor surgical procedures, such as skin, muscle, tes- 
ticular, or percutaneous liver and kidney biopsies, estab- 
lished the diagnosis in 70% of their study group. In the 
remaining patients, tissue obtained at laparotomy or tho- 
racotomy, such as by biopsy of liver or omentum, estab- 
lished a histologic ciagnosis of PAN even in patients with 
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Fig 1.—Angiogram (case 1) demonstrates multiple aneurysms of the 
hepatic artery, a characteristic finding in polyarteritis nodosa. 
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Fig 2.— Gallbladder histologic features (case 2) demonstrate necro- 
tizing vasculitis with fibrinoid degeneration of arterial walls (arrow) 
accompanied by diffuse thrombosis of an arterial lumen, charac- 
teristic findings in thrombo-occlusive polyarteritis nodosa 
(hematoxylin-phlovin safronin, X 60). 


no gross abnormalities at the time of operation. We rou- 
tinely examine all gallbladders that are removed from pa- 
tients with a clinical diagnosis of acalculus cholecystitis for 
histologic evidence of vasculitis. As in case 3, even if the 
gallbladder cannot be removed, a biopsy of the wall should 
be performed to allow histologic review. 

Angiography has also been proved to be successful in 
diagnosis. Even in patients with no abdominal com- 
plaints, arteriographic findings consistent with PAN have 
established the diagnosis. However, a normal abdominal 
angiogram does not exclude the possibility of PAN nor 
does it rule out vasculitic involvement of abdominal or- 
gans. In addition to its use as a diagnostic modality, an- 
giography has been proved to be of value in selective em- 
bolization of the right hepatic artery for control of hepatic 
hemorrhage.” 
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Corticosteroids, in combination with cytotoxic agents, 
particularly cyclophosphamide, have been shown to im- 
prove the prognosis for patients with PAN. °° However, 
treatment with corticosteroid and immunosuppressive 
drugs further complicates the clinical picture. Corticoste- 
roids mask abdominal symptoms and have been impli- 
cated in gastrointestinal tract perforations.**?”*! Patients 
who receive immunosuppressants with loss of mucosal 
integrity secondary to vasculitic ischemia are prone to sep- 
sis, such as that experienced in case 1. 

Several specific lessons are apparent from the experi- 
ence with the seven patients included in this study. First, 
if the diagnosisis unclear, tissue for histologic examination 
is critical. A preoperative muscle or skin biopsy specimen 
or an intraoperative omental, gallbladder, or liver biopsy 
specimen is often helpful in establishing a tissue diagnosis 
of PAN, even if no obvious organ pathologic condition is 
evident. Especially in the case of acalculus cholecystitis, 
a biopsy of the gallbladder wall is mandatory, even if a 
cholecystectomy cannot be completed. Second, the sur- 
geon who is asked to see a patient with PAN and abdom- 
inal symptoms must be aware of the gastrointestinal com- 
plications of PAN, including leaking aneurysms and 
thrombotic ischemia. Early angiography is advocated 
when a diagnosis is needed more rapidly than tissue bi- 
opsy, or when the results of a previous tissue biopsy are 
negative. In addition, early angiography will better define 
the extent of visceral involvement. Embolization of bleed- 
ing sites may also be accomplished, when indicated. 
Third, early operative treatment is indicated with abdom- 
inal complaints, given the potential for visceral perforation 
compounded by immunosuppressant therapy. 


We would like to thank Eric Martin, MD, and Margaret Grimes, 
MD, for their assistance with reviewing the cases reported in the 
manuscript. 
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Multiple Organ Failure: 
Patient Care and 
Prevention 


By Arthur Baue, 561 pp, $84, St Louis, 
Mo, CV Mosby Co, 1991. 

In his multifaceted career, Arthur 
Baue has maintained an abiding fas- 
cination with the observation that 
when a person begins to die, every 
organ seems to fall apart almost si- 
multaneously. One failing organ 
seems to doom the next in a domino 
effect that is difficult to reverse. Baue 
likens this to Oliver Wendell Holmes’ 
“One hoss Shay.” 

In this monograph, Baue explores 
every aspect of the unanswered prob- 
lem of multiple organ failure. The re- 
sult is a scholarly text that is challeng- 
ing yet refreshing on an important 
and timely subject of interest to cli- 
nicians of many specialty interests 
and to basic scientists. 

A single-authored monograph in- 
evitably reflects the personality of the 
author. Chapter 1 begins with a de- 
scription of how the disparate failure 
of single organs was finally recog- 
nized as a single clinical entity. Baue 
manages to cite all the important ref- 
erences and physiologic and clinical 
concepts concerning a complex sub- 
ject. The author's precise and clear 
style obviously was honed as editor 
of this journal. 

In a charming role reversal, Baue 
slips into a second chapter on the re- 
sponsibilities of academic surgeons 
to push back the “limits” of existing 
knowledge. This is a bold-faced ed- 
itorial, slipped in as though he could 
not get it publishedany other way. In 
this case, it is of course very much ap- 
ropos since multiple organ failure is 
recognized by clinicians and a myriad 
of basic scientists are now trying to 
explain it. 
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An efficient way to understand a 
difficult subject is to break it down 
into its more understandable compo- 
nent parts, which is the strategy the 
author uses. Each organ function is 
dissected from its interrelationships. 
With characteristic innovation, Baue 
starts with wound failure, a chapter 
that plunges the reader into the in- 
tricacies of wound paracrinology, a 
subject essential to the current em- 
phasis on factors such as tumor ne- 
crosis factor and interleukin 1, 2, and 
6. These are the current equivalents 
of Galen’s black bile. After an erudite 
discussion of the wound and how op- 
eration or trauma may contribute to 
the problem, Baue devotes lengthy 
chapters to describing the character- 
istics of failure of each single organ 
such as the lung, kidney, liver, and 
even such unlikely organ systems as 
the gut and clotting mechanisms. 
These chapters are so complete that 
they might well serve as textbooks of 
pathophysiology, biochemistry, and 
physiology for students and clini- 
cians. References are voluminous 
and so current that it will be difficult 
to keep them crisp and current in sub- 
sequent editions. 

Having exhausted the study of 
each organ system, the book synthe- 
sizes this knowledge into a compre- 
hensible whole. Baue is too sophis- 
ticated to suggest that there is a single 
unifying factor that produces failure 
of each organ, even though he flirted 
with the concept that the whole thing 
could be explained by an energy crisis 
manifested by an adenosine triphos- 
phate-adenosine diphosphate im- 
balance. Each of the favorite toxins 
such as superoxide is dealt with fairly 
but critically. 

Baue is a list man, a characteristic 
that will appeal to students of all de- 
grees of sophistication who try to sort 
interconnecting factors as they con- 
tribute to a single clinical entity. 


There is liberal use of tables, algo- 
rithms, and diagrams, each suitably 
highlighted. Many will be cribbed by 
teachers gathering slides in discuss- 
ing multiple organ failure. Searching 
for a constructive criticism, one 
hopes that in a second edition, Baue 
will ask the artist (or programmer) to 
use variously sized arrows to empha- 
size visually where a reaction in- 
creases or decreases in the interorgan 
functions associated with multiple 
organ failure. 

There is one analogous series of 
failures that corresponds to multiple 
organ failure: that of the savings and 
loan industry. Both are enormously 
injurious to the body complex, both 
are complicated, to neither is there a 
simple answer, and both are scandal- 
ous in that we are so inefficient in 
their management. Baue, like some 
wise think tank expert, describes our 
current understanding of the prob- 
lem and helps us formulate ways to 
avoid future disasters. 

Ben EiseEMAN, MD 
Denver, Colo 


Clinical Nutrition: Enteral 
and Tube Feeding 


2nd ed, by John L. Rombeau and Michael 
D. Caldwell, 638 pp, with illus, $95, 
Philadelphia, Pa, WB Saunders Co, 
1990. 

The second edition of this textbook 
continues in the tradition of the first 
in presenting a thorough review of 
the science and practice of enteral nu- 
trition. All chapters have been signif- 
icantly revised to incorporate the 
newer techniques, solutions, and 
supplies developed over the last 5 
years. All references have been up- 
dated to include the current pertinent 
literature, providing a good resource 
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for additional reading on subjects of 
interest. The index is also well done. 
The chapters on basic human nutri- 
tion are thorough, yet concise. Of 
current interest is a comprehensive 
discussion of the effects of malnutri- 
tion on gastrointestinal immunity 
and the role of the gut mucosal barrier 
in critically ill patients. An exhaustive 
listing of available solutions and their 
nutrient compositions is presented 
and includes specialized products for 
treatment of patients with renal, he- 
patic, pulmonary, and cardiac fail- 
ure. Finally, a chapter on the phar- 


macologic aspects of enteral nutrition 
thoroughly reviews the known drug- 
nutrient compatibilities, stabilities, 
and interactions. 

Eight chapters have been added 
that review the use of percutaneous 
gastrostomies, nutritional care of pa- 
tients with acquired immunodefi- 
ciency syndrome, use ef enteral 
products in critically ill patents with 
emphasis on newer fuels fer the gut, 
home enteral nutrition in edults and 
children, and the cost-effectiveness 
of enteral nutrition. An exceptionally 
well-written chapter on tne highly 
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controversial ethical and legal issues — 
of nutritional support is also in- 
cluded. 

I would highly recommend this 
book to both beginners and those ex- 
perienced in the field of enteral nu- 
trition, as the material will certainly 
be interesting and challenging to in- 
dividuals of all levels of training. It 
will find immediate use as a basic nu- 
tritional text as well as a reliable ref- 
erence manual. 

Jonn P. Grant, MD 
Durham, NC 





1991 


Jul 
Surgical Section, National Medical As- 
sociation, July 27 to August 1, Indianap- 
olis, Ind. 


September 
American Thyroid Association, Septem- 
ber 12-15, Boston, Mass. 


American Thyroid Association Interna- 
tional Symposium on Thyroid Autoim- 
munity, September 16-17, Montreal, 
Quebec. 


New England Surgical Society, Septem- 
ber 25-29, Quebec City. 


October 
American College of Surgeons Annual 
Clinical Congress, October 20-25, Chi- 
cago, Ill. 


November 
Southern Thoracic Surgical Association, 
November 7-9, Orlando, Fla. 


American Cancer Society Cancer 
Control Career Development Award 
for Primary Care Physicians. —The 
American Cancer Society now has 
brochures available describing its 
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North Pacific Surgical Association, No- 
vember 8-9, Portland, Ore. 


Society of Thoracic Surgery (Circulatory 
Support 1991), November  —5-17, San 
Francisco, Calif. 


Western Surgical Association, Novem- 
ber 17-20, Colorado Springs, Zolo. 


Association for Academic Surgery, No- 
vember 20-23, Colorado Springs, Colo. 


December 
Southern Surgical Association, Decem- 
ber 1-4, Hot Springs, Va. 


1992 


February 
Society of University Surgeons, February 
13-15, Cincinnati, Ohio. 


Pacific Coast Surgical Associetion, Feb- 
ruary 16-19, Kauai, Hawaii. 


March 
Central Surgical Association, March 5-7, 
Madison, Wis. 


ANNOUNCEMENTS 


Cancer Control Career Development 
Award (CCCDA) for Primary Care 
Physicians. This award is in-ended to 
develop academic leaders ir primary 
care specialties emphasizirg cancer 


Society of Surgical Oncology, March 15- 
18, New York, NY. 


American College of Surgeons Spring 
Meeting, March 22-26, Orlando, Fla. 


April 
American Burn Association, April 1-4, 
Salt Lake City, Utah. 


American Surgical Association, April 
6-8, Palm Desert, Calif. 


Surgical Infection Society, April 7-9, Los 
Angeles, Calif. 


Society of American Gastrointestinal En- 
doscopic Surgeons, April 9-12, Washing- 
ton, DC. 


American Association of Thoracic Sur- 
geons, April 26-29, Los Angeles, Calif. 


Southwestern Surgical Congress, April 
26-29, Scottsdale, Ariz. 


Association of Veterans Affairs Surgeons, 
April 30 to May 2, Albuquerque, NM. 


control. Through the CCCDA, the 
Society seeks to support individuals 
in supervised programs that will de- 
velop each candidate’s clinical and 
teaching expertise and his or her ca- 
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- pacity to perform independent clin- 
ical research in cancer control. It is 
anticipated that physicians trained 
under these awards will improve can- 
cer control through involvement in 
primary care practice, education, and 
= research activities related to cancer 
control. 

Candidates for first-year CCCDAs 
may not have an academic rank above 
that of Assistant Professor and must 
not be tenured or be a Section Head 
(or equivalent). These awards are in- 
tended to support the early develop- 
ment of academic careers that place 
emphasis on cancer control; candi- 
dates with well-established careers 
and substantial research funding 
should not apply. 

This is a 2-year award. The stipend 
for the award is $25 000 for the first 
year and $30 000 for the second. The 
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application deadline is August 15, 
1991, for awards to begin July 1, 1992. 

For brochures, applications, or fur- 
ther information, please contact Vir- 
ginia Krawiec, Professional Educa- 
tion Department, American Cancer 
Society, Inc, 1599 Clifton Rd NE, At- 
lanta, GA 30329-4251; 404-329-5734. 


American Cancer Society Clinical 
Oncology Career Development 
Awards.—The American Cancer So- 
ciety now has brochures available de- 
scribing its Clinical Oncology Career 
Development Award (CDA). This 
award is intended to encourage and 
develop promising candidates who 
will pursue academic careers in clin- 
ical oncology. Through the CDA, the 
Society seeks to support individuals 
in supervised programs that will de- 
velop the candidate’s clinical exper- 





tise and his or her capacity to perform 
independent clinical and/or labora- 
tory research. 

These awards are intended to sup- 
port the early development of careers 
in academic clinical oncology; candi- 
dates who already have well- 
established careers with substantial 
research funding should not apply. 

This is a 3-year award. The stipend 
for the award is $25 000 for the first 
year, $30 000 for the second, and 
$35 000 for the third. The application 
deadline is August 1, 1991, for 
awards to begin July 1, 1992. 

For brochures, applications, or 
further information, please contact 
Virginia Krawiec, Professional Edu- 
cation Department, American Can- 
cer Society, Inc, 1599 Clifton Rd NE, 
Atlanta, GA 30329-4251; 404-329- 
5734. 
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Classified Advertising 
All classified advertising orders, correspondence and payments sheuld be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 


Florida 34617. Our telephone numbers are: 800-237-9851; 813-44=7666. Please do not send classified ads, payments or related corre- 
spondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, C/o AOS, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Surgery. 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 times 
or more* 
Cost per word $1.70 $1.55 


Minimum ad: 20 words per issue 


"In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered one 
word, and figures consisting of a dollar sign and 
five numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered 
one word and must appear in all ads. Tele- 
phone number with area code is considered 
one word. When box numbers are used for 
replies, the words "Box___.,, c/o AOS" are to be 
counted as three words. 


Classified Display 1 Time 3 times 

or more* 
Full page $1,432 $1,245 
Two-thirds page 1,220 1,061 
One-half page 1,002 871 
One-third page 790 688 
One-sixth page 365 317 
Column inch 105 90 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The type- 
setting fee is 10% of the one-time ad cost shown 
above. Special requests will be billed to the 
advertiser and/or agency at the then prevailing 
rates. 


Box Service 


Available for all ads. The cost is $15.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
directly to you. 


Closing Date 


The 25th of the second month prior to the issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


OF 
Surgery 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 @ 813-443-7666 
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Professional Opportunities 


GENERAL SURGEON - Three Monaina community 
hospitals and eight practicing family physicians are 
jointly recruiting a BC/BE general surgeon. This 
opportunity is just a few miles from the Bob Marshall 
Wilderness Area and Glacier Natiœnal Park. Solo 
practice with start up cost assistamce or salaried 
position available. Contact: Carl Hanson, Administra- 
tor of Pondera Medical Center in Conrad, Montana, 
(406) 278-3211. 


NORTH PLATTE, 
NEBRASKA 


General surgeon with one-five years experience 
to join two busy general surgeons n community 
of 23,000 with patient base of 100,000. Enjoy 
beautiful area lakes, hunting and fshing. Excel- 
lent environment for family. Schod system has 
achieved many honors and college provides 
post-secondary and advanced degree pro- 
grams. Complete benefit package including 
income guarantee. 


Marcia Norrie 

GREAT PLAINS REGIONAL MEDICAL CENTER 
601 West Leota, North Platte, ME 69103 

(800) 762-7090 

















BC/BE GENERAL/VASCULAR SURGEON. Tho- 
racic experience or desire to train. Multi-specialty 
group. Start 1991 or 1992. Contact: David Manke, 
MD, West Side Clinic, SC, Post Offce Box 19070, 
Green Bay, WI 54307-9070. 


GENERAL/VASCULAR SURGEON: Excellent oppor- 
tunity for a BC/BE vascular surgeon with secondary 
interest in general surgery to join extremely active 
practice as the second surgeon. Affiiation with two 
teaching hospitals in Long Island. Excellent compen- 
sation and bonus package, progressing to partner- 
ship. Please send your curriculum vtae to: Renato 
B. Berroya, MD, Long Island Surgical Specialists, 
PC, 639 Port Washington Boulevard, Port Washing- 
ton, NY 11050. 


BC/BE GENERAL SURGEON: NorthGeorgia. Busy 
practice available immediately at twenty-six physi- 
cian multi-specialty partnership. Benefits include 
vacation, CME time off with budget, malpractice 
insurance, health insurance, retirement plan. Well 
equipped hospital, 100,000 population referral area. 
1% hour drive northeast of Atlanta. Bordered by Blue 
Ridge and Appalachian Mountain chains and shores 
of Lake Hartwell. Send CV: Deborah Gibby, Recruit- 
ing Coordinator, 800 East Doyle Street, Toccoa, GA 
30577. 


DELTA, COLORADO is a beautiful southwestern 
Colorado community nestled betweesa Grand Mesa, 
the largest flat-top mountain in the world, and Black 
Canyon to the south. General surgeon can step into 
established practice supported by excellent 49-bed 
hospital. Please send your CV to: Bil Norris, Physi- 
cian Recruitment, Presbyterian Healtlkcare Services, 
P.O. Box 26666, Albuquerque, NM 87125. Or call: 
(800) 545-4030, Extension 6320, to cscuss practice 
details and guarantee. 


NORTHEAST NEW YORK — Vascular Surgeon. 
Excellent independent practice opportunity for a 
BC/BE fellowship trained vascular surgeon. CVPH 
Medical Center, a 420-bed regional referral hospital, 
offers a generous incentive package One in three 
coverage schedule. Plattsburgh offers an ideal fami- 
ly environment and is located at the edge of Lake 
Champlain, within one hour of the Olympic-Lake 
Placid region and Montreal. For mose details or to 
view a video of the hospital and community, contact: 
Hannah Hanford, Box 1656, Plattsbusgh, NY 12901. 
(518) 643-2998. 








Professional Opportunities 


BC/BE VASCULAR SURGEON to join busy, pure, 
vascular practice in Philadelphia, Pennsylvania. 
Must have fellowship. Send CV to: Box #929, c/o 
AOS. 


GENERAL SURGEON/GENERAL PRACTICE-This 
is the perfect opportunity to perform general surgery 
on a part-time basis. The community of Artesia is 
located in southeastern New Mexico and enjoys an 
excellent climate. Artesia General Hospital is a 38- 
bed facility in a family-oriented, supportive communi- 
ty. There is just the right need for a general surgeon/ 
general practice physician. If interested in learning 
more about this opportunity, please send your CV to: 
Bill Norris, Physician Recruitment, Presbyterian 
Healthcare Services, P.O. Box 26666, Albuquerque, 
NM 87125. Or call: (800) 545-4030, Extension 6320. 


FAIRFIELD COUNTY, CONNECTICUT — BE/BC 
general surgeon with/without vascular fellowship to 
associate with busy solo practitioner. Modern 350- 
bed progressive community hospital. Practice 
arrangement to be decided on mutually acceptable 
basis. Please send CV to: Box #928, c/o AOS. 


GENERAL SURGEON, VASCULAR and laparo- 
scopic desirable, to join well-established surgeon in 
San Francisco at Pacific Presbyterian. Send CV to: 
Leonard Shlain, 2100 Webster, #521, San Francis- 
co, CA 94115. 


BC/BE GENERAL SURGEON with vascular fellow- 
ship to join busy New York City practice. Excellent 
salary and benefits with potential for partnership. 
Send CV and references to: Main P.O. Box 58, Pur- 
chase, NY 10577. 


GENERAL SURGEON 


BC/BE general surgeon with thoracic and/or 
vascular interests to join busy, well-established 
four-person surgical group. Well-rounded medi- 
cal community has service area of 100,000. The 
city offers a variety of educational and cultural 


opportunities due to the presence of Cornell Uni- 
versity, and recreational activities are abundant. 
Please send CV to: 


Surgical Associates of Ithaca, P.C. 


1301 Trumansburg Road 
Ithaca, New York 14850 


IMMEDIATE OPENING for board-eligible/-certified 
surgeon at progressive VA Medical Center located in 
the north Florida area which offers excellent climate 
year round, extensive outdoor recreational activities, 
lower than average cost of living, fine schools and 
nearby universities, local community college, no 
state income tax, and uncongested commuting to 
and from the medical center. Applicants should reply 
to: Chief of Staff, VA Medical Center, Lake City, FL 
32055-5898. Telephone: (904) 755-3016, Extension 
2011. Equal opportunity employer.GENERAL SUR- 
GEON: BC/BE to join busy solo surgeon in north- 
west gulf coast Florida town. Send CV: Box #925, 
c/o AOS. 


GENERAL SURGEON - BC/BE recently trained to 
join established two person BC practice in July 1992 
at progressive, 150-bed acute care hospital; New 
Hampshire seacoast. No vascular or thoracic. Send 
CV and references to: Box #926, c/o AOS. 


PLEASE NOTE -— Address replies to box number 
ads as follows: Box number , c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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of Choice 


Southern California Permanente Medical Group 
(SCPMG) is recognized as the nation’s largest and most respected physician- 
managed, multi-specialty medical group. Our continued growth has created new 
practice opportunities throughout Southern California for: 


e General Surgeons e Pediatric Surgeons 

e Orthopedic Surgeons e Neurosurgeons 

e Vascular Surgeons e Head & Neck Surgeons 
Experience the freedom to focus on your outstanding surgical skills rather than 
administrative duties. We provide you the freedom, technology and resources to 


focus on quality patient care, the collaborative support of knowledgeable 
colleagues and the opportunity to make a significant contribution to your field. 


Our compensation and benefits package includes: 
e Guaranteed practice and income e Paid educational and sabbatical leaves 
e Professional liability insurance e Comprehensive retirement plans. 


Send your curriculum vitae to: Irwin P. Goldstein, M.D., Associate Medical 
Director, SCPMG, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. 
Or call: (800) 541-7946. 


UZ KAISER PERMANENTE 
N )) Southern California Permanente 
i i) Medical Group 


Partners Practicing Good Medicine 








School of Medicine. 


etc., would enhance the applicant's acceptability. 


tiable. 


J.A. Pellecchia, M.D., F.A.C.P. 
Chief of Staff 

(304) 429-6755, Ext. 2517 
Physician Recruitment Office 
VA Medical Center 

1540 Spring Valley Drive 


Refer your inquiries to: 





or send CV to: 


Surgeons 


The VA Medical Center in Huntington, West Virginia is 
looking for BC/BE surgeons to join our Surgical Service. VA 
serves a patient population of 139,000. Surgical residency 
program through major teaching affiliate, Marshall University 


A clinical addition which adds a new surgical suite and 
new SICU will open January, 1992. We need additional 
services in the areas of general, urologic, and orthopedic 
surgery. Subspecialty interest, e.g. colonorectal, oncologic, 


Candidates must be U.S. citizens or permanent residents, 
and have current license in any of the 50 states. Full-time 
positions; part-time with joint faculty appointment nego- 


An Equal Opportunity Employer 
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Professional Opportunities 


WANTED: GENERAL SURGEON (BC/BE) to join 
busy general surgeon in Finger lakes region of 
upstate New York. Send CV to: Box 927, c/o AOS. 


GENERAL SURGERY — Palmer, Alaska: 45 minutes 
from Anchorage and surrounded by mountains. Join 
two established surgeons in group practice. Impres- 
sive clinic is next to well-equipped hospital. Diverse 
practice with solid referral base. Income guarantee, 
paid malpractice, expenses, and relocation. Send 
CV or call: Paul Clukies, Jackson and Coker, Inc., 
115 Perimeter Center Place, Suite 380 10752, 
Atlanta, GA 30346. Telephone: (800) 544-1987. 


GENERAL SURGEON - Option to establish practice 
with hospital support, or join another surgeon. 
Expect full gamut of surgical procedures. Fine, 94- 
bed medical facility. Excellent quality of life; schools; 
recreational activities. Guarantee plus negotiable 
benefits. Southwest Alabama, 90 miles from Mont- 
gomery, Mobile, Pensacola. Contact: Rebecca Tur- 
ley, (800) 338-7107. 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician you 
want. To schedule your ad call cur "Classified Adver- 
tising" office: National (800) 237-9851; Florida (813) 
443-7666. 


GENERAL SURGEON - Colorado Springs: Thirty- 
two physician multi-specialty group is seeking a 
BC/BE general surgeon to join existing general 
surgery department. Practice involves broad range 
of general surgery, some vascular, moderate 
endoscopy and work level || trauma center. Please 
send curriculum vitae to: Bruce Minear, Executive 
Vice President, Colorado Springs Medical Center, 
P.C., 209 South Nevada Avenue, Colorado Springs, 
CO 80903. 


Gundersen Clinic: 
Because where you 
practice is as important 
as what you practice. 


GENERAL SURGEON 


Gundersen Clinic, a 260-physician multi- 
specialty group, is seeking a BC/BE General 
Surgeon with interest in coordinating resident 
teaching in the ICU. Critical care boards or 
eligibility and involvement in the residency 
program are essential. Our nine-member 
department offers a full range of general and 
vascular surgery, surgical nutrition and 
trauma. An interest in research and academics 
is desirable. 


Gundersen Clinic provides multi-specialty 
and primary care to nearly 70,000 families 
through over 702,000 patient visits each year. 
Enjoy recreational amenities, good schools 
and a strong sense of community commit- 
ment. We offer competitive salaries and bene- 
fits and an excellent pension program. Join 
the Gundersen Clinic tradition as we celebrate 
our 100th Anniversary. Please call Tim Skinner, 
M.S.Ed., Manager, Physician Recruitment, COL- 
LECT at 1-608-782-7300, ext. 6673. Or send 
your CV to: Philip J. Dahlberg, M.D., Chairman, 
Personnel Committee, Gundersen Clinic, Ltd., 
1836 South Avenue, Dept. Il-7, La Crosse, 
Wisconsin 54601. An Equal Opportunity 
Employer 
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ads as follows: Box number 
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P.O. Box 1510, Clearwater, FL 34617. 
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Faculty Positions 


DEPARTMENT OF SURGERY, Louisiana State 
University Medical Center, New Orleans, Louisiana. 
Growing surgery department seeks BC/BE university 
trained surgeons for full-time academic positions in 
the following specialties: Cardio thoracic surgery; 
plastic and reconstructive surgery; pediatric surgery; 
general surgery. Applications, including CVs and the 
names of three references to: J. Patrick O'Leary,MD, 
Isidore Cohn Jr., MD, Professor and Head, Depart- 
ment of Surgery, LSUMC, 1542 Tulane Avenue, 
New Orleans, LA 70112-2822. LSUMC is EEO/AA 
employer. 


GENERAL SURGEON - The Dartmouth-Hitchcock 
Medical Center in Hanover, New Hamphsire, is 
searching for an academic general surgeon at the 
assistant/associate professor level. Candidates for 
this position must be BC/BQ in general surgery and 
should have demonstrated, by prior training and 
experience, superior skills in all aspects of general 
surgery. The successful candidate should have a 
strong commitment to teaching of both medical stu- 
dents and residents, participation in clinical investi- 
gation and the delivery of excellent patient care in 
the setting of an academic medical center. DHMC is 
an affirmative action/equal opportunity employer. 
Inquiries and resumes should be directed to the 
Chair of the Search Committee: Thomas A. Colac- 
chio, MD, Chairman, Section of General Surgery, 
Dartmouth-Hitchcock Medical Center, Hanover, NH 
03756. Telephone: (603) 646-5290. 


THE DEPARTMENT OF SURGERY at the Universi- 
ty of California, Davis seeks to recruit three full-time 
academic surgeons to be based in our East Bay Pro- 
gram, with interest in trauma, surgical oncology or 
pancreatic-biliary diseases. The level of appointment 
will be commensurate with qualifications. Applicants 
must be either board-eligible or board-ceritified in 
general surgery with expertise in pancreatic-biliary 
diseases, surgical oncology, or trauma surgery. A 
letter outlining research and teaching background, a 
curriculum vitae and bibliography, along with the 
names of three references should be forwarded to: 
Claude H. Organ, Jr., MD, Director, UCD-East Bay, 
Department of Surgery, 1411 East 31st Street, Oak- 
land, CA 94602. This position will remain open until 
filled. However, applications will not be accepted 
after September 30, 1991. The University of California 
is an affirmative action/equal opportunity employer. 


CHAIRMAN, Department of Surgery. The Hospital of 
Saint Raphael, a 492-bed community hospital affiliat- 
ed with the Yale University School of Medicine, is 
inviting inquiries regarding the position of Chairman, 
Department of Surgery. Candidates must have 
board-certification, clinical expertise, teaching, and 
academic experience to assume responsibility for 
surgery residency program, and administrative skills 
necessary to organize and direct a cohesive depart- 
ment of surgery and plan for its future development. 
Yale faculty position commensurate with background 
and professional standing. Financial remuneration 
and fringe benefits competitive. Forward a curricu- 
lum vitae to: Dr. Jack Wescott, Chairman, Surgery 
Search Committee, Hospital of Saint Raphael, 1450 
Chapel Street, New Haven, CT 06511. The Hospital 
of Saint Raphael is an equal opportunity employer. 


Locum Tenens 


LOCUM TENENS GENERAL SURGEONS - Let a 


carefully screened, credentialed, insured colleague 
from the CompHealth locum tenens medical staff 
cover your practice the next time you have to be 
away, or while you recruit a new associate. Comp- 
Health locum tenens — the physician you need, just 
when you need one! Call today: (800) 453-3030. 


For complete 
rates, information and 
assistance in scheduling 
your advertising, 


call Donna Hacker at: 


(800) 237-9851 





Chief of Surgery 


The VA Medical Center in Huntington, West Virginia is seeking a full-time, 
Board Certified Chief of Surgical Service. This VAMC is a major training center 
for the Marshall University School of Medicine. 






Candidates must be Board Cer- 
tified in Surgery. Clinical expertise 
and administrative skills are required. 
Candidates should be U.S. citizens or 
permanent residents, and have a 
current license in any state. 


Ou: surgical Service provides 
general, vascular, thoracic, 
endoscopic, urologic, and orthope- 
dic surgery for a patient population 
of 139,000. A clinical addtion which 
adds a new surgical suite and new 
SICU willopenin January, 992. New, 
enhanced VA compensction pack- 
age will be available in July, 1991. 










Huntington is located in the 
Ohio Valley. It supports and offers a 
gateway to multiple recreational 
and cultural activities. 











F or further information contact: 


J.A. Pellecchia, M.D., F.A.C.P., Chief of Staff 
(24) 429-6755, Ext. 2517 or 2275 







or send CV to: 





Physician Recruitment Office 
VA Medical Center 
1540 Spring Valley Drive e Huntington, WV 25704 


The VA is an Equal Employment Opportunity Employer 






“Who would have ever 
thought this place would 

be so gorgeous? My dreams 
were in color...but life out 
here is more than that. 

Each window of our home 
frames a picture I only 
imagined before... 

I can step outside and stand 
in the middle of a dream...” 


mag 


The sweeping prairie of South Dakota could be 

the home of your general surgical practice. With 

five local family practitiorers and a wealth of 

consulting specialists in the area, you will be 

guaranteed an ample patient base... and still have 

family time to enjoy the spacious beauty of South Dakota. 


A. Clark, MD 
Gregory, South Dakota 


This unique opportunity fcr a BC/BE general surgeon concerned with a 
pollution-free environmen: offers the benefits of a $120,000 net plus 
production incentive compensation package in our modern well equipped 
medical facilities. As an option, we’ll manage your practice, while you 
manage your patients. The trade area provides medical services for 

a 10,000 population area and is affiliated with a 476 bed tertiary care center. 


What more could there be”? An opportunity to practice medicine... 
with the outdoor pleasures of life in the Great Plains. 


) 


Gregory Community Hospital 
& Rasebud Nursing Home 


Contact: Jolee Thurn 

Physician Placement Department 

Sioux Valley Hospital 

1100 S. Euclid * Sioux Falls, SD 57117-5039 
1-800-468-3333 





INSTRUCTIONS FOR AUTHORS 





Manuscripts are to be sent by first-class mail to the Ed- 
itor, Claude H. Organ, Jr, MD, Professor, Dept of Sur- 
gery, University of California— Davis, East Bay, 1411 E 
31st St, Oakland, CA 94602. The procedures listed must 
be followed carefully and all materials requested must be 
enclosed for prompt review and consideration for pub- 
lication in the Archives of Surgery. Use the checklist to en- 
sure completeness. 

Manuscript Preparation.—The original typescript and 
two high-quality copes of the entire manuscript must be 
submitted, including copies of all illustrations, legends, 
tables, and references. All copy, including references, 
legends, and tables, must be typed double-spaced on 
81 x 11-in, heavy-duty white bond paper. Margins must 
be at least 1 in. If a word processor is used, do not use 
justified right margins. 

Abstract. — Subm an abstract (135-word maximum) of 
the manuscript, which must include a statement of the 
problem, methods of study, results, and conclusions. The 
synopsis-abstract replaces a summary or conclusions. 

Copyright.—A capyright release form signed by all au- 
thors of manuscripts, brief communications, and corre- 
spondence is required by the Copyright Revision Act of 
1976. The following statement, dated and signed by all 
authors, may be used: “In consideration of the American 
Medical Association’s taking action in reviewing and ed- 
iting my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright 
ownership to the AMA in the event that such work is 
published by the AMA.” 

Financial Interest. —List all affiliations with or financial 
involvement in any organization or entity with a direct 
financial interest in the subject matter or materials of the 
research discussed in the manuscript (eg, employment, 
consultancies, stock ownership). All such information 
will be held in confidence during the review process. 
Should the manuscript be accepted, the Editor will dis- 
cuss with the author the extent of disclosure appropriate 
for publication. 

References. — References should be listed in consecutive 
numerical order as they are cited in the text, not alphabet- 
ically. Once a reference is cited, all subsequent citations 
should be to the original number. All references must be 
cited in the text or tables. Unpublished data and personal 
communication may not be listed as references. Refer- 
ences to journal articles should include (1) authors (list all 
authors and/or editors up to six; if more than six, list the 
first three and “et al”), (2) title, (3) journal name as ab- 
breviated in Index Medicus, (4) year, (5) volume number, 
and (6) inclusive page numbers—in that order. Refer- 
ences to books should include (1) authors (list all authors 
and/or editors up tossix; if more than six, list the first three 
and “et al”), (2) chapter title, if any, (3) editor, if any, (4) 
title of book, (5) year, (6) city, and (7) publisher. Volume 
and edition numbers, specific pages, and name of trans- 
lator should be included when appropriate. The author 
is responsible for the accuracy and completeness of the 
references and for their correct text citation. 

Author Responsibility.—One author must be desig- 
nated corresponding author, with his or her address and 
telephone number provided. All correspondence and 
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copy editing are sent to this author. The corresponding 
author will receive an edited typescript rather than galley 
proofs for approval. The authors are responsible for all 
statements in their work, including changes made by the 
copy editor. Order reprints at the time the typescript is 
returned after editorial processing. Spey the address to 
which requests for reprints should be sent. 

Titles. —The title must be short, specific, and clear. It 
cannot exceed 42 characters per line, including punctu- 
ation and spaces, and is limited to two lines. The title page 
should include the full names and academic affiliations 
of all authors. If the manuscript was presented at a meet- 
ing, indicate the name of the organization, the place, and 
the date on which it was read. 

SI Units.—Use Systéme International (SI) measure- 
ments throughout the manuscript. 

Illustrations.— Use only illustrations that clarify and 
augment the text. Submit illustrations in triplicate, un- 
mounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Fig- 
ure number, name of senior author, and arrow indicating 
“top” should be typed on a gummed label and affixed to 
the back of each illustration. All lettering must be legible 
after reduction to column size. Artwork submitted for 
publication may be relettered to achieve uniformity of let- 
tering style throughout the journal. Illustrations should 
preferably be in a proportion of 5 x 7 in. Color illustrations 
are accepted for publication if the editors believe that color 
will add p arene S to the P manuscript. The 
Arcuives will pay only part of the expense of color repro- 
duction and printing color illustrations. The author’s 
share of the expense is $400 for up to six square finished 
illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 


to the author at cost. Positive color transparencies (35-mm. 
preferred) must be submitted for an evaluation. Do not 
send color prints unless accompanied by original trans- 
encies. 
Legends. — Legends must be typed double-spaced, be- 
ginning on a separate sheet of paper. Length is limited 
to a maximum of 40 words. 






















CHECKLIST FOR AUTHORS 


@ Three copies of manuscript. 
@ Three copies of PASE ae canst 
è Three copies of attached photographs, legends, 
tables, and/or illustrations clearly marked as de- 
scribed in the instructions. 
® n copyright release statement signed by all au- 
ors. 
@ The address and telephone number of the desig- 
nated corresponding author. 
@ Send to Claude H. Organ, Jr, MD 
Archives of Surgery 
Professor, Dept of Surgery 
University of California— Davis, East Bay 
1411 E 31st St 
Oakland, CA 94602 
è Use sufficient postage. 
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Tables. — Each table must be typed double-spaced, in- 
cluding all headings, on a separate sheet of 8 1⁄2 x 11-in 
paper. Do not use larger-size paper. If a table must be 
continued, use a second sheet and repeat all heads and 
stubs. Each table must have a title. 

Manuscript Acceptance.—Manuscripts are received 
with the understanding that they are not under simulta- 
neous consideration by another publication. Accepted 
manuscripts become the permanent property of the 
Arcuives and may not be published elsewhere without per- 
mission from the publisher (AMA). 


OTHER INFORMATION 

Brief Clinical Notes. — The Arcuives welcomes the sub- 
mission of Brief Clinical Notes for review. These are gen- 
erally reports of cases that provide a new or unique con- 
tribution and are to consist of no more than 400 words, two 
references, and one illustration. The synopsis-abstract 
may not exceed 80 words. 

Correspondence and Brief Communications. — The Ed- 
itor is pleased to receive letters that pertain to material 
published in the Arcuives as well as brief communications 
concerning other matters of interest to our readers. An 
-interesting case may be published as a brief communica- 
tion. Such contributions should be 250 words or less, type- 
written, double-spaced without an abstract, and clearly 
marked “for publication.” No more than two references 
are permitted and illustrations or tables are acceptable only 
when essential to the message. 

News and Announcements. — Brief notices may be sub- 


mitted of meetings, seminars, or symposiums that are of 
interest to surgeons. 

Acknowledgments. — Illustrations from other publica- 
tions must be acknowledged. Include the following when | 
applicable: authors, title of article, title of journal or book, 
volume number, pages, month and year. The publisher’s 
permssion to reprint must be submitted to the ARcHivEs 
when the manuscript has been formally accepted. 

Stafistical Review. —Manuscripts containing statistical 
evaluation should include the name and affiliation of the 
statistical reviewer. 

Infermed Consent. — Manuscripts reporting the results 
of experimental investigations on human subjects must 
incluce a statement to the effect that informed consent was 
obtaired after the nature of the procedure(s) had been 
fully explained. 

Ref2rence to Patients. —Patients should be referred to 
by number or, in anecdotal reports, by fictitious given 
names. Real names or initials must not be used in the text, 
tables. or illustrations. 

Photographic Consents.—A letter of consent must ac- 
company all photographs of patients in which a possibility 
of identification exists. It is not sufficient to simply cover 
the eyes to mask identity. 

AMA Manual of Style. — This 1988 edition, formerly the 
Manual for Authors & Editors, is available from Williams & 
Wilkims, 428 E Preston St, Baltimore, MD 21202. Single 
copy price: $26.95. A shipping charge is added on all or- 
ders mot prepaid. If additional ordering information is 
needed, or to order by telephone, call 1-800-638-0672. 
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due to indicated organisms 


For intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT. CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 

following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by £ coli, ella species (including K pneumoniae), Proteus 

mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 

rettgeri, and Morganella morganii). ; 

Lower respiratory tract infections causec by Streptococcus pneumoniae (formerly D pneumoniae), 

Staphylococcus aureus (penicillinase- and et ape tara strains), Haemophilus influenzae 

including ampicillin-resistant strains), Kiebsiella species (including moniae), and E coli. 
and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 

linase-producing strains), Staphyloeoccus epidermidis, Streptococcus pyogenes and Streptococcus 

species (excluding enterococci), ant E coli. a na 
infections caus Staphylococcus avreus* (including penicillinase- and nonpenicil- 

linase-producing strains), epidermidis, Streptococcus species (excluding entero- _ 

cocci), E coli, Proteus mirabilis, Newsserie , Bacteroides species (excluding B distasonis, 

B ovatus, B thetaiotaomicron), Fuscpacterium species,” and gram-positive anaerobic cocci (including 

Peptococcus and Peptostreptococcus s gt ie SES 

intra-abdominal infections caused oy £ coli, Klebsiella species (including K pneumoniae*), Strepto- 

coccus species (excluding enterocccci), and Bacteroides species (excluding B distasonis, B ovatus, 

B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus." 

“Efficacy for this organism in this argan system was-studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
Causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro + pn many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: if CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 

monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 

prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 

Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
Oxi poyas potentiated * CEFOTAN is used concomitantly with an aminoglycoside. 

: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patientsamdergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdomina! or vaginal hysterectomy, trans- 
urethral surgery, biliary tract a e ee ti 

The prophylactic dose of CE should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms.o' infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 


CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Se ee ee CEFOTAN ie Maad, caretel Inge should be made to determine whether the 

patient has had Fig reactions to disodium, cephalosporins, 
icillins, or dru is preduct should be given cautiously to penicillin-sensitive patients. 

Antibiotics should be inistere: with caution to any patient who has demonstrated some form of 


allergy, particularly to drugs. If ansallergic reaction to C 


Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Chole: and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respone to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
loved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseucomembranaus colitis produced by C difficile. Other causes should also be considered. 


GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisres. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropsiate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at riskanclude patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prethrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- 


kary colitis. 
l TION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages failowing the administration of CEFOTAN. 
DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
—. it tT = that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
amin ? 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jafe reaction and produce false increases in the levels of 


Creatinine ed. 
CARCI MUTAGENESIS. IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not Deen performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratery tests. 
Cefotetan has adverse effects ortne testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 fimes the usual adult human dose) on days 6-35 of life (thought to be 





cefotetan disodium! 


In intra-abdominal and gynecologic infection 


® 


IM/IV 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and peeps in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, meget at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: "agaat Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used durin ny only if clearly needed. 

USAGE IN NURSING MOTHERS: etan is excreted in human milk in very low concentrations. Cau- 
tion should be exereised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 


In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 


nausea (1 in 700). AF , 
ic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
sitive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). l 
—_ enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
n 


1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
TADO) reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
n 700). 


effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 
DOSAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
mee oo | every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 














Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily desage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
yg he adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The follewing dosage guidelines may be used. 








DOSAGE GUIDELINES FOR PATIENTS 
Creatinine C} à WITH IMPAIRED RENAL FUNCTION 
mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, thesdosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: —- 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

_Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 

sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
ae usual recommended dose on the day of dialysis. 


CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 9 in 100 mL vials. The vials should not be stored at 
temperatures above and should be protected from light. 

bg in 10 mL vial{NDC ag Sela y 2 oy 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 
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single-dose prophylaxis/ 


HE) twice-daily treatment 





References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 


to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(SA):101-102. 2. Sochalski A, 


Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. /nfect Surg, April 1986 (suppl). 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 
Am J Surg 1988;155(5A):67-70. 


Please see adjacent page for brief summary of prescribing information. 
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The prophylactic dose of ROCEPHIN is abo the daily therapeutic dose. 
ROCEPHIN, 1 gm given once prior to surgery” in adults, provides 
effective prophylaxis against infection and is on board throughout the 
perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 to 2 gm given once a day in adults, is the usual 
therapeutic dosage for the following common postsurgical infections: 
lower respiratory tract or skin/skin structure infections due to Staphy/o- 
coccus aureus, Klebsiella pneumoniae and Proteus mirabilis; urinary 
tract infections due to Escherichia coli, K- oneumoniae and P mirabilis. 


Efficacy, economy, ease and generally well tolerated. ROCEPHIN: 1 gm 
once for prophylaxis, once daily for cure. 


Once-a-day 


Rocephin.... 


ceftriaxone sodium/Roche 





Usual adult daily dosage: 1 to 2 gm once a day 


As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1991 by Hoffmann-La Roche Inc. * In contaminated or potentially contaminated Please see adjacent page for summary of product 
All rights reserved. procedures (e.g., vaginal or abdominal information, which includes a list of adverse reactions. 
hysterectomy), and for patients in whom 
infection at the operative site would presen* 
serious risk (e.g., coronary artery bypass 
graft [CABG] surgery). 
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Before prescribing, please consult complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 


cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 

URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 
UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillimase end nonpenicillinase producing strains, and pharyngeal gon- 
orrhea caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 

PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA causec by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 


species (excluding enterococci). E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. inflaenzee, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections inpatients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operative site presents serious risk (e.g., 
during coronary artery bypass surgery). 


Although ceftriaxone has been shown to have been as effective 
as cefazolin in the prevention oftrfection following coronary artery 


ed to evaluate any cephalosperin antibiotic in the prevention of 
infection following coronary artery bypass surgery. When admin- 
istered before indicated surgical procedures, a single 1 gm dose 
provides protection from most imfectons due to susceptible orga- 
nisms for duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isola- 
tion of the causative organism and fer determination of its suscep- 
tibility to the drug. Therapy may be instituted prior to obtaining 
results of susceptibility testing: 


CONTRAINDICATIONS: Rocephinis contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 


CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION ~O ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to lifesthreetening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administeation of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 

After establishing diagnosis cf pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate 
to severe Cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that 
of other cephalosporins. 


Ceftriaxone is excreted via bath biliary and renal excretion (see Clinical Pharmacology). There- 
fore, patients with renal failure normally require no adjustment in dosage when usual doses of 
Rocephin are administered, but concentrations of drug in the serum should be monitored period- 
ically. If evidence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should mot be necessary in patients with hepatic dysfunction; however, in 
patients with both hepatic dystunction and significant renal disease, Rocephin dosage should not 
exceed 2 gm daily without clase monitoring of serum concentrations. 


Alterations in prothrombin times hawe occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or low vitamin K stores (€.g., chronic hepatic disease and mal- 
nutrition) may require monitoring oë prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekly) may be necessary if the prothrombin time is prolonged before or 
during therapy. 


Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essentia.. If superinfection occurs during therapy, appropriate measures 
should be taken. 


Rocephin should be prescribed with caution in individuals with a history of gastrointestina’ dis- 
ease, especially colitis. 


Rare cases reported of sonographic abnormalities seen inthe gallbladder; patients may also have 
symptoms of gallbladder disease These abnormalities, variously described as sludge, pre- 
cipitations, echoes with shadows, may be misinterpreted as concretions. Chemical nature of son- 
ographically-detected material notdetermined. Condition appears to be transient and reversible 
upon discontinuation of Rocephin and conservative management. Therefore, discontinue 
Rocephin if signs and symptoms suggestive of gallbladder disease and/or the sonographic find- 
ings described above develop. 


CARCINOGENESIS, MUTAGENES.S, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, carcinogenicity studies with 
ceftriaxone in animals have nat Deen performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment of Fertility: Ceftriaxone 2roduced no impairment of fertility when given intravenously to 
rats at daily doses up to 586 mg/k¢/day, approximately 20 times the recommended clinical dose 
of 2 gm/day. 

PREGNANCY Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose approximately three times the human dose. 

There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not aways predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. 
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ROCEPHIN® (ceftriaxone sodium/Roche) 
Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction) and Segment Ill 
(perinataland postnatal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnatal 
growth, functional behavior and reproductive ability of the offspring, at doses.of 586 mg/kg/day or less. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have 
been established for the dosages described in the Dosage and Administration section. In vitro 
studies have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from ser- 
um albumin. Rocephin should not be administered to hyperbilirubinemic neonates, especially 
prematures. 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 


LOCAL REACTIONS — pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (less than 1%) was phlebitis after |.V. administration. 


HYPERSENSITIVITY —rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 


HEMATOLOGIC — eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less fre- 
quently reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and 
prolongation of the prothrombin time. 


GASTROINTESTINAL —diarrhea (2.7%). Less frequently reported (less than 1%) were nausea 
or vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or 
after antibiotic treatment (see WARNINGS). 


HEPATIC —elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL — elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY —moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS —diaphoresis and flushing were reported oc- 
casionally (less than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, adecrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm. serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 


For the treatment of serious miscellaneous infections in children, 
other than meningitis, the recommended total daily dose is 50 to 
75 mg/kg (not to exceed 2 grams), given in divided doses every 
12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infaction have disappeared. 
The usual duration is 4 to 14 days; in complicated infections long- 
er therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be administered with or without a 
loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis 
patients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 
Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone. 
Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,’ as follows: 

1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added. 
2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 

NOTE: Rocephin in the frozen state should not be stored above -20°C. 

“Registered trademark of Abbott Laboratories, Inc. 

*Manufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 
ratories, Inc., Deerfield, Illinois 60015. 

Revised: February 1991 
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ORIGINAL ARTICLE 
The Natural History of Multiple Endocrine Neoplasia Type I: 935 


Highly Uncommon or Highly Unrecognized? 
Joseph J. Shepherd, MD, FRACS, Hobart, Australia 


è Classical presentation with symptoms of MEN represents only a small fraction 
of these patients. 
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Results of Surgical Therapy for Biliary Dyskinesia 957 
Dwijen C. Misra, Jr, MD; Geoffrey B. Blossom, MD; 
Darlene Fink-Bennett, MD; John L. Glover, MD, Royal Oak, Mich 


è Cholecystokinin biliary scanning can help identify patients with acalculous, functional 
gallbladder disease who may benefit from cholecystectomy. 


Prediction of Injury Caused by Penetrating Wounds 962 
to the Abdomen, Flank, and Back 


Mary C. McCarthy, MD; Gregory A. Lowdermilk, MD; 
David F. Canal, MD; Thomas A. Broadie, MD, Indianapolis, Ind 


e Mandatory exploration of gunshot wounds is justified; routine celiotomy for stab 
wounds is not. 


Not All Nonpalpable Breast Cancers Are Alike 967 
Dido Franceschi, MD; Joseph P. Crowe, MD; Sutek Lie, MD; 

Renate Duchesneau, MD; Robert Zollinger, MD; Robert Shenk, MD; 

Gladys Stefanek, RN; Jerry M. Shuck, MD, DSC, Cleveland, Ohio 


@ A mammographic mass appearing in an older age group was 


highly associated with invasive disease. 
Continued on page 927. 
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tin vitro activity against indicated aerobes and anaerobes 


MEFOXIN is contraindicated in patients who have shown hypersensi- 
tivity to cefoxitin and the cephalosporin group of antibiotics. 
MEFOXIN is not active in vitro against most strains of Pseudomonas 
aeruginosa and enterococci (e.g., Streptococcus faecalis) and many 
strains of Enterobacter cloacae. Methicillin-resistant staphylococci 
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BALANCED 
COVERAGE’ WITH 


MEFOXIN ‘ 


CEFOXITIN SODIUM/MSD 


tin vitro activity against indicated aerobes and anzerobes 


Indications and Usage: /reatment—Serious infections caused by susceptible strains of the 
designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by 
Streptococcus pneumoniae, other streptococci (excluding enterococci, e.g., Strep. faecalis), Staphy- 
lococcus aureus (penicillinase and non-penicillinase producing), Escherichia coli. Klebsiella species, 
Hemophilus influenzae, and Bacteroides species. 

GENITOURINARY INFECTIONS. Urinary tract infections caused by £. coli, Klebsiella species, Proteus 
mirabilis, indole-positive Proteus (which include the organisms now called Morganella morganii and 
Proteus vulgaris), and Providencia species (including Providencia rettgeri). Uncomplicated gonorrhea 
due to Neisseria gonorrhoeae (penicillinase and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by E. 
coli, Klebsiella species, Bacteroides species including the B fragilis group* and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflammatory 
disease, caused by E. coli, N. gonorrhoeae (penicillinase and non-penicillinase producing), Bacte- 
roides species including the B fragilis group* Clostridium species, Peptococcus species, Pepto- 
streptococcus species, and group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non-penicillinase 
producing), E. coli, Klebsiella species, and Bacteroides species including the B. fragilis group* 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non-penicillin- 
ase producing), Staph. epidermidis, streptococci (excluding enterococci, e.g., Strep. faecalis), E. coli 
P. mirabilis, Klebsiella species, Bacteroides species including the B. fragilis group* Clostridium 
species, Peptococcus species, and Peptostreptococcus species. 

Although appropriate culture and susceptibility studies should be performed, therapy may be started 
while awaiting these results. Cefoxitin is not active in vitro against most strains of Pseudomonas 
aeruginosa and enterococci (e.g., Strep. faecalis) and many strains of Enterobacter cloacae. Methicil- 
lin-resistant staphylococci are almost uniformly resistant to cefoxitin. 

Prevention—Prophylactic use in surgical procedures (e.g., hysterectomy, gastrointestinal surgery, 
cesarean section, transurethral prostatectomy) classified as contaminated or potentially contami- 
nated or in patients in whom subsequent infection at the operative site would present a serious risk, 
e.g., prosthetic arthroplasty. 

MEFOXIN® (Cefoxitin Sodium, MSD) usually should be given % to 1 hour before surgery and should 
usually be stopped within 24 hours since continuing administration of any antibiotic increases the 
possibility of adverse reactions but, in the majority of surgical procedures, does not reduce the 
incidence of subsequent infection. However, in patients undergoing prosthetic arthroplasty, it is 
recommended that MEFOXIN be continued for 72 hours after the surgical procedure. If there are signs 
of infection, specimens for culture should be obtained for identification of the causative organism so 
appropriate treatment may be instituted. 

Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin group of anti- 
biotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 
MINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, PENICILLINS, 
OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME 
FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, 
DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis, from mild to life-threatening in severity, has been reported 
with virtually all antibiotics (including cephalosporins); therefore, it is important to con- 
sider its diagnosis when diarrhea develops in association with antibiotic use. Broad-spec- 
trum antibiotics alter normal flora of colon and may permit overgrowth of clostridia; a toxin produced 
by Clostridium difficile is a primary cause of antibiotic-associated colitis. Mild cases may respond to 
drug discontinuance alone; in more severe cases, Management may include sigmoidoscopy, appro- 
priate bacteriological studies, fluid, electrolyte and protein supplementation, and use of a drug such 
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as oral vancamycin; isolation of the patient may be advisable. Other causes of colitis should also be 
considered. 

Precautions: Genera/—iotal daily dose should be reduced in patients with reduced urinary output 
due to renal nsufficiency because high and prolonged serum antibiotic concentrations can occur 
from usual coses. Prescribe with caution in patients with a history of gastrointestinab disease, 
particularly colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; repeated 
evaluation ofthe patient's condition is essential. If superinfection occurs, take appropriate measures. 
Drug Interaceons—Increased nephrotoxicity has been reported following concomitant administra- 
tion of cephansporins and aminoglycoside antibiotics. 

Drug/Laborawory Test Interactions—High concentrations (>100 mcg/mL) may interfere with mea- 
surement of serum and urine creatinine levels by the Jaffé reaction and produce false increases of 
modest degree in creatinine levels reported; serum samples should not be analyzed for creatinine if 
withdrawn wthin 2 hours of cefoxitin administration. High concentrations may interfere with mea- 
surement of urinary 17-hydroxy-corticosteroids by the Porter-Silber reaction and produce false 
increases of modest degree in levels reported. A false-positive reaction for glucose in urine has been 
observed wits CLINITEST** reagent tablets. 

Carcinogene=is, Mutagenesis, Fertility Impairment—No long-term animal study has been performed 
on carcinogenic or mutagenic potential. Rat studies at approximately three times maximum recom- 
mended human dosage revealed no effects on fertility or mating ability. 

Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or fetal toxic 
effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was associated with a 
high incidence of abortion and maternal death, neither considered teratogenic. There are, however, no 
adequate anc well-controlled studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be used during pregnancy only if clearly 
needed. 

Nursing MotFers—Excreted in human milk: Exercise caution. 

Pediatric Use—Safety and efficacy in infants from birth to three months have not yet been estab- 
lished. In chedren three months and older, higher doses have been associated with increased 
incidence of ©sinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous c intramuscular injection. Other adverse reactions have been encountered infrequently. 
Local Reactiens—Thrombophlebitis with intravenous administration; pain, induration, and tender- 
ness after int-amuscular injections. Allergic Reactions—Rash (including exfoliative dermatitis), pru- 
ritus, eosinoshilia, fever, and other allergic reactions including anaphylaxis. Cardiovascular— 
Hypotension. Gastrointestinal—Diarrhea, including documented pseudomembranous colitis during 
or after treatment, and, rarely, nausea and vomiting. Blood—Eosinophilia, leukopenia including 
granulocytopenia, neutropenia, anemia, including hemolytic anemia, thrombocytopenia, and bone 
marrow depression. A positive direct Coombs test may develop in some individuals, especially those 
with azotemie. Liver Function—Transient elevations in SGOT, SGPT, serum LDH, and serum alkaline 
phosphatase: jaundice. Rena! Function—Elevations in serum creatinine and/or blood urea nitrogen 
levels and, raely, acute renal failure. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained for at least 
10 days to guard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal and 
other infectiors involving a collection of pus, surgical drainage should be carried out where indicated. 
Intramuscula: injections should be well within the body of a relatively large muscle such as the upper 
outer quadrast of the buttock (i.e., gluteus maximus); aspiration is necessary to avoid inadvertent 
injection into-a blood vessel. The total daily dosage in infants and children should not exceed 
12 grams. 

How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage®* vials contain- 
ing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


**Registered trajemark of Ames Company, Division of Miles Laboratories, Inc. 
‘Registered traiemark of Abbott Laboratories, Inc. 
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è Conjugated diene-bearing lipid fractions from burn plasma 
may modulate immune function and support the concept that 
humoral immunity is enhanced after thermal injury. 
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è Further increases in the use of primary repair in colonic injuries are warranted. 


Gastric Leiomyosarcoma: Prognostic Factors and 985 
Surgical Management 

Clive S. Grant, MD; Chung H. Kina, MD; 

Gianrico Farrugia, MD; Alan Zinsmeister, PhD; 

John Goellner, MD, Rochester, Minn 


è Neither the addition of lymphadenectomy nor the wider 
tumor-free margins of a radical gastrectomy seemed superior 
to the more conservative local excision. 


Pyogenic Liver Abscess: Modern Treatment 991 
Steven C. Stain, MD; Albert E. Yellin, MD; 
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è Percutaneous aspiration or catheter drainage plus appropriate 
antibiotics continues to be effective in a majority of cases. 
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Catherine M. Wittgen, MD; Charles H. Andrus, MD; 

Stephen D. Fitzgerald, MD; Lawrence J. Baudendistel, MD; 
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@ Patients with antecedent cardiopulmonary disease developed 
respiratory acidosis during pneumoperitoneum. 
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Experimental Liver Cancer 

Rong Yang, MD; Clarence R. Reilly, MS; Frederick J. Rescorla, MD; 
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Thomas D. Franklin, Jr, PhD; Lawrence Lumeng, MD; 
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@ HIFU may be a useful modality for the local treatment of hepatic tumors. 


The Significance of Portal Vein Thrombosis After Distal 1011 


Splenorenal Shunt 
Gongliang Jin, MD, Layton F. Rikkers, MD, Omaha, Neb 


è Long-term follow-up has shown no significant effects of 
PVT on late ascites, encephalopathy, or survival. 
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Today’s Hematinic: 
New Im Or ance 

_ for Patients 
ndergoing 5 urgery 


A consequence of today’s 
transfusion climate 

[ ]Many surgeons prefer to tolerate anemia 
rather than use banked blood products’ 


[ ]Growing use of autologous transfusions’ 
may also increase risk of pre- and 
postsurgical anemia 

[ ]Postsurgical patients have substantially 
increased requirements for B-complex vita- 
mins, vitamin C, and minerals? 









Trinsicon provides the nutrients 


needed to rebuild red cell mass 
[_]Provides iron as ferrous fumarate — for 
optimal iron absorption’ 

[]Also contains vitamin C, vitamin B12 
with intrinsic factor, folic acid, and other 
B vitamins 


| ]Helps restore cells pre- and postsurgically 


e THE 
COMPLETE 


Hematinic Concentrate with Intrinsic Factor HEM ATINIC 


Please see Brief Summary of Prescribing Information on adjacent page. 
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TRINSICON* Brief Summary 
Hematinic Concentrate with Intrinsic Factor 
A Highly Potent Oral Antianemia Preparation 


INDICATIONS AND USAGE: TRINSICON* is a multi- 
factor preparation effective in the treatment of anemias 
that respond to oral hematinics, including pernicious 
anemia and other megaloblastic anemias and also iron- 
deficiency anemia. Therapeutic quantities of 
hematopoietic factors that are known to be important 
are present. in the recommended daily dose. 
CONTRAINDICATIONS: Hemochromatosis and 
hemosiderosis are contraindications to iron therapy. 
PRECAUTIONS: General: Anemia is a manifestation 
that requires appropriate investigation to determine its 
Cause or causes. Folic acid alone is unwarranted in the 
treatment of pure vitamin B12 deficiency states, such as 
pernicious anemia. Folic acid may obscure pernicious 
anemia in that the blood picture may revert to normal 
while neurological manifestations remain progressive. 
As with all preparations containing intrinsic factor, 
resistance may develop in some cases of pernicious 
anemia to the potentiation of absorption of physiologic 
doses of vitamin B12. If resistance occurs, parenteral 
therapy or oral therapy with so-called massive doses of 
vitamin B;2 may be necessary for adequate treatment of 
the patient. No single regimen fits all cases, and the 
Status of the patient observed in follow-up is the final 
criterion for adequacy of therapy. Periodic clinical and 
laboratory studies are considered essential and are rec- 
ommended. Pregnancy: Pregnancy Category C: 
Animal reproduction studies have not been conducted 
with TRINSICON®. It is also not known whether 
TRINSICON can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. 
TRINSICON should be given to a pregnant women only 
if clearly needed. Nursing Mothers: It is not known 
whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should 
be exercised when TRINSICON is administered to a 
nursing woman. Pediatric Use: Safety and effective- 
ness in children below the age of 10 have not been 
established. ADVERSE REACTIONS: Rarely, iron in 
therapeutic doses produces gastrointestinal reactions, 
such as diarrhea or constipation. Reducing the dose 
and administering it with meals will minimize these 
effects in the iron-sensitive patient. In extremely rare 
instances, skin rash suggesting allergy has been noted 
following the oral administration of liver-stomach 
material. Allergic sensitization has been reported fol- 
lowing both oral and parenteral administration of folic 
acid. OVERDOSAGE: Symptoms: Those of iron 
intoxication, which may include pallor and cyanosis, 
vomiting, hematemesis, diarrhea, melena, shock, 
drowsiness, and coma. Treatment: For specific ther- 
apy, exchange transfusion and chelating agents. For 
general management, gastric and rectal lavage with 
sodium bicarbonate solution or milk, administration of 
intravenous fluids and electrolytes, and use of oxygen. 
DOSAGE AND ADMINISTRATION: One capsule 
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“Now | 
choose 
AZACTAM 
instead 


because...” 


AZACTAM provides outstanding aero- 
bic gram-negative coverage in vitro, 
including Pseudomonas aeruginosa.* 


No AZACTAM-induced nephrotoxicity 
or ototoxicity reported in clinical trials 
involving 4,570 patients worldwide.' 


No need for costly routine therapeutic 
drug monitoring. 


No NMTT side chain, which may be 
associated with hypoprothrombin- 
emia and bleeding complications.’ 


Following IV administration, the most 
commonly seen adverse reactions 
occurred in less than 2% of patients, 
including local reactions, diarrhea, 
nausea, vomiting, and rash. 


aztreonam 


A logical alternative 
to aminoglycosides.“ 


*Although a useful guide, in vitro data do not necessarily 
correlate with therapeutic outcome. 


tin these studies, transient elevations of serum creatinine 
were rarely observed. 


Please see brief summary of prescribing information on 
adjacent page. 933 





ee 





A logical alternative to aminogiycosides 


AZACTAM (aztreonam) instead. 


AZACTAM” FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION-AZACTAM (Aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacterici- 
dal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to yellowish- 
white lyophilized cake, containing approximately 780 mg arginine per gram of aztre- 
onam for intramuscular or intravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE-Before initiating treatment with AZACTAM, appropriate 
specimens should be obtained for isolation of the causative organism(s) and for de- 
termination of susceptibility to aztreonam. Treatment with AZACTAM may be started 
empirically before results of the susceptibility testing are available; subsequently, ap- 
propriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections (com- 
plicated and uncomplicated), including pyelonephritis and cystitis (initial and recurrent) 
caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter species* and Serratia 
marcescens*. Lower Respiratory Tract Infections, including pneumonia and bronchitis 
caused by Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Haemophilus influenzae, Proteus mirabilis, Enterobacter species and Serratia 
marcescens*. Septicemia caused by Escherichia coli, Klebsiella pneumoniae, Pseu- 
domonas aeruginosa, Proteus mirabilis*, Serratia marcescens* and Enterobacter species. 
Skin and Skin-Structure Infections, including those associated with postoperative 
wounds, ulcers and burns caused by Escherichia coli, Proteus mirabilis, Serratia 
marcescens, Enterobacter species, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
and Citrobacter species*. Intra-abdominal Infections, including peritonitis caused by 
Escherichia coli, Klebsiella species, including K. pneumoniae, Enterobacter species in- 
cluding E. cloacae*, Pseudomonas aeruginosa, Citrobacter species* including C. fre- 
undii* and Serratia species* including S. marcescens*. Gynecologic Infections, 
including endometritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneu- 
moniae*, Enterobacter species* including E. cloacae* and Proteus mirabilis*. 

AZACTAM is indicated for adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hollow viscus perforations, cutaneous infections and infections of serous 
surfaces. AZACTAM is effective against most of the commonly encountered gram- 
negative aerobic pathogens seen in general surgery. 


Concurrent Therapy- Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before the causative organism(s) is known in seriously 
ill patients who are also at risk of having an infection due to gram-positive aerobic 
pathogens. If anaerobic organisms are also suspected, therapy should be initiated 
using an anti-anaerobic agent concurrently with AZACTAM. Certain antibiotics (e.g., 
cefoxitin, imipenem) may induce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to many beta-lactam antibiotics including aztreonam. These in vitro findings 
suggest that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam. Following identification and susceptibility testing, appropriate an- 
tibiotic therapy should be continued. 


CONTRAINDICATIONS-Aztreonam is contraindicated in patients with known allergy 
to this antibiotic. 


WARNINGS-Pseudomembranous colitis has been reported with nearly all anti- 
bacterial agents, including aztreonam, and may range in severity from mild to life- 
threatening. Therefore, it is important to consider this diagnosis in patients who 
present with diarrhea subsequent to the administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by Clostridium 
difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic 
measures should be initiated. Mild cases of pseudomembranous colitis usually re- 
spond to drug discontinuation alone. In moderate to severe cases, consideration should 
be given to management with fluids and electrolytes, protein supplementation, and treat- 
ment with an oral antibacterial drug effective against C. difficile (e.g., vancomycin). 
Careful inquiry should be made for a history of hypersensitivity reaction to any an- 
tibiotic or other drugs. Antibiotics should be given with caution to any patient who 
has had some form of allergy, particularly to drugs. It is recommended that patients 
who have had immediate hypersensitivity reactions (e.g., anaphylactic or urticarial) 
to penicillins and/or cephalosporins should be followed with special care. If an al- 
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lergic reacaon to aztreonam occurs, discontinue the drug and institute supportive 
treatment es appropriate (e.g., maintenance of ventilation, pressor amines, antihis- 
tamines, ccrticosteroids). Serious hypersensitivity reactions may require epinephrine 
and other emergency measures. 


PRECAUT ONS-General: In patients with impaired hepatic or renal function, appro- 
priate mon toring is recommended during therapy. If an aminoglycoside is used con- 
Currently with aztreonam, especially if high dosages of the former are used or if 
therapy is srolonged, renal function should be monitored because of the potential 
nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The use of antibiotics 
may promcte the overgrowth of nonsusceptible organisms, including gram-positive 
organisms and fungi. Should superinfection occur during therapy, appropriate measures 
should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility-Carcinogenicity studies in 
animals have not been performed. Genetic toxicology studies performed in vivo and 
in vitro wit- aztreonam in several standard laboratory models revealed no evidence 
of mutagersc potential at the chromosomal or gene level. Two-generation reproduction 
studies in ats at daily doses up to 20 times the maximum recommended human 
dose, priorto and during gestation and lactation, revealed no evidence of impaired 
fertility. There was a slightly reduced survival rate during the lactation period in the 
offspring o rats that received the highest dosage, but not in offspring of rats that re- 
ceived five times the maximum recommended human dose. 


Pregnancy—Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circuleion. Studies in pregnant rats and rabbits, with daily doses up to 15 and 5 
times, respectively, the maximum recommended human dose, revealed no evidence 
of embryo-or fetotoxicity or teratogenicity. No drug induced changes were seen in 
any of the maternal, fetal or neonatal parameters that were monitored in rats receiving 
15 times the maximum recommended human dose of aztreonam during late gestation 
and lactatim. There are no adequate and well-controlled studies in pregnant women. 
Because amimal reproduction studies are not always predictive of human response, 
aztreonam should be used during pregnancy only if clearly needed. 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that are 
less than ~% of concentrations determined in simultaneously obtained maternal 
serum; corsideration should be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and children. 


ADVERSE 2EACTIONS-Local reactions such as phlebitis/thrombophlebitis following 
IV administation, and discomfort/swelling at the injection site following IM admin- 
istration Occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions (considered to be related to therapy or of uncertain etiology) occurring at an 
incidence Cf 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. Reactions 
occurring Æ an incidence of less than 1% are listed within each body system in order 
of decreasng severity: Hypersensitivity-anaphylaxis, angioedema, bronchospasm. 
Hematologo—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocytosis, 
thrombocybsis. Gastrointestinal-abdominal cramps; rare cases of C. difficile-associated 
diarrhea, including pseudomembranous colitis, or gastrointestinal bleeding have been 
reported. Gnset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). Dermato/ogic—purpura, erythema multiforme, 
urticaria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular—hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory-one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary-hepatitis, 
jaundice. Nervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizzi- 
ness. Musculoskeleta/-muscular aches. Special Senses-tinnitus, diplopia, mouth ulcer, 
altered tas, numb tongue, sneezing and nasal congestion, halitosis. Other—vaginal 
candidiasis, vaginitis, breast tenderness. Body as a Whole-weakness, headache, 
fever, malæse. 


Adverse Laboratory Changes-Those reported without regard to drug relationship 
during Clini«al trials were: Hepatic-elevations of AST (SGOT), ALT (SGPT), and alkaline 
phosphatase; signs or symptoms of hepatobiliary dysfunction occurred in less than 1% 
of recipients (see above). Hemic-increases in prothrombin and partial thromboplastin 
times, eosirophilia, positive Coombs test. Rena/-increases in serum creatinine. 


OVERDOSAGE-/f necessary, aztreonam may be cleared from the serum by hemo- 
dialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with impaired renal function. In elderly patients, estimates of creatinine clearance 
should be cbtained and appropriate dosage modifications made if necessary. 


HOW SUP ®LIED-AZACTAM For Injection (Aztreonam For Injection)—Lyophilized-is 
supplied ir single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single-dose 
30 mL vial containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
tles contairing 500 mg or 1 g or 2 g/bottle. 


Consult peckage insert before prescribing AZACTAM (aztreonam). (J4-231E) 
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The Natural History of Multiple Endocrine 
Neoplasia Type 1 


Highly Uncommon or Highly Unrecognized? 


Joseph J. Shepherd, MD, FRACS 


@ Among 2000 descendants of an English immigrant to Tas- 
mania, Australia, the diagnosis of multiple endocrine neo- 
plasia type 1 was found to be very highly probable or highly 
probable in 130 and moderately probable in 22. Another 242 
children and siblings were 50% likely to have inherited this 
dominant gene. In all age groups, especially the elderly, the 
majority of affected members had symptoms of only one 
endocrine disorder or were asymptomatic. In teenagers, the 
most common presentation was pituitary lesions and the sec- 
ond most common presentation was insulinomas. Fre- 
quently, pituitary lesions or insulinomas developed before 
any parathyroid lesions could be detected. Elevation of gas- 
trin levels, usually associated with hypercalcemia, was 
rarely seen in patients younger than 25 years. The classic 
presentation with symptoms of multiple endocrinopathy 
may represent only a small fraction of these patients in the 
community. 
(Arch Surg. 1991;126:935-952) 


pre to the recent identification of a specific genetic ab- 

normality,’ the diagnosis of familial multiple endo- 
crine neoplasia (MEN) could only be based on probability 
involving the recognition of a clinical syndrome in a num- 
ber of related individuals. There were no specific histologic 
or biochemical features to distinguish inherited endocrine 
tumors from sporadic ones. 

Hyperplasia or multiple lesions at a single site, involve- 
ment of multiple organs, and lesions in related individuals 
suggest a familial endocrine syndrome with varying de- 
grees of probability. When a proband and a first-degree 
relative both present to the same physician with lesions 
of the parathyroid, pancreas, and pituitary, a diagnosis of 
MEN type 1 (MEN-1) is very highly probable and is un- 
likely to be missed. Since its inheritance follows a dom- 
inant pattern, all of their siblings and children have a 50% 
probability of develeping the disease. In this situation, the 
finding of even one endocrine neoplasm makes a diag- 
nosis of MEN-1 in a child or sibling highly probable. 
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Endocrine neoplasia at a single site in a single individual 
without related family history is likely to be diagnosed as 
a sporadic case. An elderly woman with an elevated serum 
calcium level but no endocrine symptoms and no related 
family history is unlikely to undergo endocrine investi- 
gation other than for hyperparathyroidism because the 
probability of MEN-1 will be low. 

In a review of the natural history and cause of death, 
Majewski and Wilson? concluded that MEN-1 was “an all- 
or-none phenomenon” and recommended that “medical 
and surgical management of this inherited disorder 
should be based on the concept that pathological changes 
will develop in the parathyroid, pancreatic islets and the 
pituitary.” This conclusion was based on painstaking his- 
tologic examination of postmortem material but their data 
could be interpreted as indicating that the absence of clin- 
ical and biochemical evidence of multiple lesions after long 
follow-up and careful investigation excludes the diagno- 
sis. Lynch et al? called attention to the heterogeneity of 
expression of familial polyposis coli, varying from thou- 
sands of polyps in teenagers to apparently solitary car- 
cinoma of the colon in late or middle age. Similarly, while 
MEN type 2 (MEN-2) is traditionally portrayed as present- 
ing with aggressively malignant tumors of the thyroid and 
adrenal at a young age, this is not invariable and patients 
older than 80 years can die of unrelated causes. 

If the expression of MEN-1 varies similarly, it would 
seem more likely to escape diagnosis than MEN-2 or fa- 
milial polyposis coli. Primary hyperparathyroidism, pitu- 
itary adenomas, adrenal tumors, insulinomas, and carci- 
noid tumors of the bronchus are all more commonly seen 
as sporadic cases than as the manifestation of a syndrome. 
Moreover, the endocrine basis may be overlooked entirely 
in a syndrome that frequently manifests as a common or- 
ganic disorder. Peptic ulcer occurs in 5% to 10% of some 
communities and often the possibility of an underlying 
gastrinoma is considered only in “the persistent ulcerator, 
recurrent perforator and the bleeder unto death.”° Renal 
calculus is so common that a full biochemical and hor- 
monal profile to disclose parathyroid disorders is not ob- 
tained in many cases. 

While medical literature abounds with accounts of bi- 
zarre Clinical histories and florid cases of MEN, there is 
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little to indicate the extent to which such cases typify the 
whole spectrum of the disease. The largest series reviews 
43 living patients of 74 gene carriers traced through seven 
generations descended from two Germans “believed to be 
brothers.”° These numbers include patients diagnosed on 
the basis of refractory peptic ulcer. 


SUBJECTS AND METHODS 
Subjects 

In 1982, 28 years after the syndrome was first described, we 
identified only one woman in her early fifties and her two daugh- 
ters as having MEN-1 in Tasmania, an island state of Australia 
with a population of fewer than 450 000. In 1983, another woman 
aged 45 years, who was apparently unrelated but showed strong 
physical similarities to this family, was found to have MEN-1. A 
study of local archives revealed that the women shared common 
ancestors who had been born in England in the early 19th cen- 
tury. Initially, it was estimated that this family (designated “Tas- 
man 1”) numbered over 600.” A 3-year study was designed to 
locate and investigate them as fully as possible. By 1989, about 
2000 descendants of the two common ancestors had been traced 
and after 6 years, this study is far from complete. Moreover, it 
has become apparent that there are at least three other families 
with MEN-1 or familial hyperparathyroidism on this island. 

Sufficient information is now available from the largest family 
to show the penetrance and pattern of presentation not only in 
those with florid expression of this disorder but in individuals 
who are asymptomatic and those who died undiagnosed. 

The second largest family (designated “Tasman 2”) was only 
recognized in the last year of this study. Both of these families 
were of English extraction so they may be linked, although we 
have been unable to establish any connection since migration to 
Tasmania. A third family (“Tasman 3”) with MEN-1 was of Italian 
extraction and came from the same region of Italy as the migrant 
family described by Wermer’ in an early report of this syndrome. 
In a fourth Tasmanian family, none of the six affected members 
identified have so far shown any abnormality other than primary 
hyperparathyroidism. This is not associated with hypocalciuria 
and they may constitute another family with MEN-1. 

I hope that this article will be followed up by periodic updates 
of the unfolding pattern of presentation over the next generation 
in Tasman 1. 


Methods 


Letters were sent to family members older than 20 years rec- 
ommending that they consult their family doctor. Letters were 
sent to family doctors asking them to record the histories and any 
abnormal clinical findings and to arrange the following investi- 
gations: (1) measurement of total calcium, phosphate, chloride, 
bicarbonate, albumin, and alkaline phosphatase levels (three un- 
cuffed specimens on 3 consecutive days). At the end of 1986, an 
analyzer for ionized calcium became available and this investi- 
gation was added to the protocol; (2) measurement of fasting 
serum gastrin level; (3) measurement of serum prolactin level; (4) 
measurement of random serum glucose and insulin levels; (5) 
chest roentgenography in women; (6) when calcium level was 
found to be elevated, an estimation of serum parathyroid hor- 
mone; (7) when gastrin was elevated or patients had a history 
suggestive of insulinoma, an ultrasound or computed tomo- 
graphic (CT) scan of the pancreas; (8) when prolactin was ele- 
vated, a roentgenographic and CT scan of the pituitary fossa. 

After 1985, random estimations of glucose and insulin were 
discontinued because these were not helpful. In the last 3 years 
of this study, all patients with an abnormal test result indicating 
an endocrine lesion at any site underwent ultrasound study of 
the pancreas, adrenals, and liver. 

Although studies were initially recommended to commence at 
age 20 years, it soon became apparent that symptoms and bio- 
chemical abnormalities were present in teenage children of the 
patients identified, and the recommended age has now been re- 
duced to 11 years. 
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Criteria for Diagnosis 

Marx et al used the following criteria for classification as a 
carrier of the MEN-1 gene: (1) descendant of the common an- 
cestor, and (2) any one or more of the following: (a) surgical con- 
firmaticn of primary hyperparathyroidism; (b) refractory peptic 
ulcer dBease (presumed Zollinger-Ellison syndrome); (c) symp- 
tomatic prolactinoma; (d) histologic diagnosis of carcinoid or 
other tumor of parathyroid, pancreatic islets, or pituitary; (e) par- 
ent of a carrier; (f) abnormally high levels of albumin-corrected 
calcium and parathyroid hormone; (g) nephrolithiasis and ab- 
normally high levels of albumin-corrected calcium. 

Criteria 2a, 2d, and 2e were acceptable; however, the other 
criteria were modified in this study. 

In any family of 2000 individuals, about 100 develop peptic 
ulcer. When a family member presented with intractable or com- 
plicated ulcer and the serum gastrin and calcium levels were 
never measured, it can be assumed that it is at least moderately 
probabk: that they suffered from the Zollinger-Ellison syndrome. 
However, when a living family member with intractable or com- 
plicated ulcer was investigated and calcium and gastrin levels 
were normal, it did not seem reasonable to maintain this assump- 
tion. Ccnversely, if a family member had biochemical and/or ra- 
diologic evidence of a prolactinoma, it was highly probable that 
they had an endocrine tumor irrespective of whether or not they 
were asymptomatic. 

For reasons to be discussed in a separate publication, the di- 
agnosis of hyperparathyroidism was based on levels of serum- 
ionized zalcium rather than on albumin-corrected calcium level, 
parathy-oid hormone level, or the presence of nephrocalcinosis. 

As discussed in the introduction, the diagnosis of MEN-1 is 
based on probabilities. Sporadic cases of endocrine hyperplasia 
or neop asia could occur in a large family over and above those 
associated with the inheritance of MEN-1. Therefore, rather than 
a simple classification into carriers and noncarriers of the MEN-1 
gene, patients were assessed in terms of probability as follows: 

50% Risk. —This group included any child or sibling of 
patients classified as highly probable or very highly prob- 
able. 

Moderately Probable.—This group comprised (1) de- 
ceased patients with intractable or complicated peptic ul- 
ceration, renal calculus, or pancreatitis whose serum gas- 
trin and calcium levels were never recorded, and (2) 
patients whose kinship indicates 50% risk and who have 
shown the following on two or more occasions: (a) bor- 
derline ionized calcium levels between 1.26 and 1.29 
mmol/L (normal range, 1.14 to 1.29 mmol/L); (b) raised 
serum gastrin levels; (c) raised serum prolactin levels. 

Highly Probable.—This group included (1) patients 
with histologic diagnosis of carcinoid or of a tumor of par- 
athyroid, pancreatic islands, pituitary, thymus, or adre- 
nal; (2) >atients with radiologic or ultrasound evidence of 
an expanding lesion of the pancreas, pituitary, thymus, or 
adrenak (3) patients who, on two or more occasions, have 
shown elevated ionized calcium levels (normal range, 1.14 
to 1.29 mmol/L); (4) patients who, on two or more occa- 
sions, kave shown elevated albumin-corrected total cal- 
cium levels when the ionized calcium level was never mea- 
sured predominantly patients not living in Hobart, 
Tasmaria); (5) patients who, on two or more occasions, 
have shown serum gastrin levels more than 100% higher 
than the upper limit of normal; (6) patients who, on two 
or more occasions, have shown serum prolactin levels 
more than 200% higher than the upper limit of normal; and 
(7) parent of a patient classified as highly probable. 

Very Highly Probable.—This group included (1) pa- 
tients with evidence of endocrine lesions at two or more 
sites based on the highly probable criteria; and (2) parent 
of a patient classified as very highly probable. 
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No. of 
Patients 


Died without diagnosis of endocrine disorder 
Diagnosed after MEN-1 kinship recognized 


Diagnosed before MEN-1 kinship recognized 
As MEN-1 
As MEN-2 
As single endocrine lesion 

Total 





*MEN indicates multiple endocrine neoplasia; MEN-1, MEN type 1; 
and MEN-2, MEN type 2. 


A major difference from other studies in these criteria 
was the exclusion of refractory peptic ulcer as the basis of 
classification as “highly probable” or “very highly prob- 
able.” Patients with ulcers who died and were never in- 
vestigated for MEN-1 were classified as “moderately prob- 
able.” Living patients with ulcer were classified on the 
same biochemical and radiologic basis as patients without 
ulcer. 

The size of this family tree made it impossible to set out 
the genealogy in the traditional diagrammatic manner. 
The family was subdivided as follows and set out in the 
form used in the Personal Ancestral File for Macintosh 
computers supplied by the Family History Department of 
the Church of Jesus Christ of Latter-Day Saints, Salt Lake, 
City, Utah. 

Appendix 1 shows the original migrants from the United 
Kingdom and the 13 children in the second generation 
who formed the basis of the kindred. Five of these died 
in infancy and one had only one child and no grandchil- 
dren. Five of the remaining seven children appeared to 
have some descendants who were classified as highly or 
very highly probable carriers of the MEN-1 gene, and each 
of these is set out as a separate genealogy. 

Appendix 2 is the second largest family, Tasman 2, who 
did not appear to be related to Tasman 1. 


RESULTS 
Recognition of MEN-1 by Clinical Presentation (Table 1) 


To portray the pattern of clinical presentation of MEN-1, 
the medical records or death certificates of every patient clas- 
sified as highly probable or very highly probable were re- 
viewed and each patien: was assigned to one of the following 
four categories: (1) diagnosed as having MEN-1 before any 
link to a family with MEN-1 was determined; (2) diagnosed 
as having a single endocrine disorder before any link to a 
family with MEN-1 was determined; (3) died without diag- 
nosis of any endocrine disorder; or (4) known to be a member 
of a family with MEN-1 at the time of initial presentation. 

Category 1. —Of 130 patients classified as highly or very 
highly probable, only four appear to have been recognized 
clinically by an attending physician as having MEN and 
only three as having MEN-1 in the absence of knowledge 
that they belonged to a family with MEN-1. 

1. A woman, patient 479 in genealogy 6, was born in 
1930 and was diagnosed in 1972 after recognition of 
Zollinger-Ellison syndrome following a 12-year history of 
hyperparathyroidism. 

2. A woman, patient 1711 in genealogy 12, presented 
at a Sydney (Australia) hospital in 1976 with abdominal 
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pain of uncertain origin and underwent a barium meal test 
and an intravenous pyelogram. These showed that she 
had a gastric ulcer and nephrolithiasis. The possibility of 
familial MEN-1 was recognized, although not confirmed, 
by family studies at that time. 

3. A woman, patient 1000 in genealogy 9, presented 
with acute postoperative hypercalcemia, at age 45 years, 
after resection of a large retroperitoneal lipoma and a lei- 
omyoma of the broad ligament. 

4. A 32-year-old man, patient 1289 in genealogy 9, pre- 
sented as an emergency case with acute hypercalcemia. 
The elevated calcium level failed to respond to removal of 
what his surgeon thought to be a solitary adenoma of the 
parathyroid. Investigation was then carried out for an occult 
malignancy, and laparotomy revealed a large retroperitoneal 
tumor and liver metastases. Biopsy confirmed the surgeon’s 
conclusion that the tumor arose from the right adrenal gland. 
The patient died shortly afterward and postmortem study 
was refused. It was considered that he might have had 
MEN-2, but his relatives denied any family history sugges- 
tive of this. In 1983, it was found that he was related to patient 
479 and that the history of “lung cancer” in his father was 
inaccurate, the correct diagnosis being carcinoid of thymus. 

Category 2.—In the absence of knowledge of the family 
background, another 17 patients were recognized as hav- 
ing an endocrine disorder but the diagnosis made was of 
a single endocrine disorder rather than MEN. 

The most common diagnosis in category 2 was pituitary 
tumor in six cases. Four patients were diagnosed as having 
tumors of the pancreas (two insulinomas and two gastri- 
nomas). 

Four patients had a malignant intrathoracic lesion. In 
two women, a primary lesion of the bronchus diagnosed 
as carcinoid was associated synchronously or later with 
lymph node metastasis diagnosed as squamous cell car- 
cinoma. Recent review of the histologic features indicates 
that both the primary and metastatic lesions were malig- 
nant carcinoid. Two men had malignant tumors of the thy- 
mus. In one, the diagnosis at the time was malignant thy- 
moma, but a review of the histologic characteristics 
indicated that this was a malignant carcinoid of the thy- 
mus. In the other man, histologic findings were no longer 
available. 

Only two patients in this category were diagnosed as 
having hyperparathyroidism. One of these presented 
with acute postoperative hypercalcemia initially diag- 
nosed as cerebral abscess. The other’s condition was di- 
agnosed following investigation of renal calculus. It is re- 
markable that the single most common abnormality in this 
syndrome was so infrequently diagnosed compared with 
the rarer lesions of the pituitary, pancreas, bronchus, and 
thymus. 

No details are available concerning the 17th patient in 
this category. A postmortem examination carried out by 
a highly experienced pathologist reported the cause of 
death as “cancer of the right adrenal gland with liver me- 
tastasis.” No other endocrine abnormality was noted. 
There is no doubt that this patient, who died 40 years ago, 
was a carrier of the MEN-1 gene, as several of her living 
children and grandchildren were affected. 

One patient in this category declined further investi- 
gation; nine patients died, seven of whose deaths were 
attributed to endocrine tumor (four pituitary, two thymus, 
and one adrenal). Seven living patients were investigated 
after the kindred was recognized, and four were found at 


Multiple Endocrine Neoplasia—Shepherd 937 








first screening to have one, two, or even three additional 
undiagnosed endocrine disorders. 

Two others had no additional lesions at first screening, 
but subsequently developed a second lesion. One woman 
previously treated as a sporadic case of insulinoma de- 
veloped elevated serum calcium after screening for some 
years. One man with primary hyperparathyroidism, di- 
agnosed when he presented with renal calculus, refused 
screening in 1983 but later developed a rapidly progressive 
and fatal glucagonoma. 

Category 3.—In addition to the common ancestor, 19 
patients who clearly lie in the direct lineage between the 
common ancestor and living patients with high or very 
high probability of MEN-1 died without recognition of any 
endocrine disorder. Some of them died of renal failure 
following multiple renal and ureteric calculi. Some died 
due to the complications of peptic ulceration. The case 
histories of two patients described disabling bone pain di- 
agnosed as Paget’s disease. Some died in road accidents 
and others survived to old age without evidence of any 
endocrine tumor. The life expectancy and cause of death 
in the affected members of this family will be reviewed in 
a subsequent article. 

Category 4.—Between the first recognition of this large 
kindred and the end of 1989, 89 new patients were rec- 
ognized as having a high or very high probability of 
MEN-1. Some of these experienced symptoms for some 
years without establishment of the correct diagnosis. 
Some developed symptoms during the period under re- 
view. Many were asymptomatic, and were significant be- 
cause they represented the great majority of the living 
members of this family and were diagnosed only by 
screening or investigation after the family tree had been 
constructed. 

Conclusions From Category Analysis (Table 1). —If this 
family is typical of families with MEN-1, then without 
background work to establish family trees, the great ma- 
jority of patients go unrecognized. Even among those in 
whom an endocrine lesion is recognized, the great ma- 
jority will be considered to have a single lesion (especially 
of the pituitary) rather than MEN. The classic textbook 
picture of a patient with symptomatic lesions at multiple 
sites appears to be the least common presentation of 
MEN-1. 


Age at Presentation, Sequential Development, and 
Natural History of Symptomatic and 
Asymptomatic MEN-1 


There are few articles in the literature indicating the 
value of screening for MEN-1 or the age at which this 
should commence. There appears to be general agreement 
that in the early years, screening should be directed pri- 
marily at the detection of hyperparathyroidism. Ina study 
of 55 patients in 16 families, Benson et al’ reported that 
hyperparathyroidism was invariably the first condition to 
develop. However, these authors never observed any pa- 
tient to progress from a normal to an elevated calcium level 
during the study. Vasen et al,’° in a 10-year study of 52 
patients from 11 families, reported that only “a small num- 
ber” of cases was observed in whom negative screening 
results became positive. This article also concluded that 
the first lesion of MEN-1 was hyperplasia of the parathy- 
roids. 

Other reviews”’*"' indicated that although hyperpar- 
athyroidism was the most common lesion, the complica- 
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Tasle 2.—Age at Diagnosis (or at Appearance of First | 
Symptoms) vs Sex of 110 Patients Diagnosed During 
Life as Having an Endocrine Lesion 






tions of pancreatic tumors were the most common clinical 
problem and the major cause of morbidity and mortality 
in this syndrome. 

The dresent study covers only 6 years and the final an- 
swer to many questions must await longer follow-up. 
However, there is sufficient information in the medical 
records of 110 of the 130 highly or very highly probable 
cases in Tasman 1 to provide guidelines to the time at 
which esions may first appear and become symptomatic 
and the long-term outcome of this syndrome (Table 2). 

Age Less Than 25 Years at Diagnosis or Onset of Symp- 
toms (Tables 2 and 3).—Thirty-four patients (12 men and 
22 women) classified as highly or very highly probable 
were under age 25 years when first diagnosed as having 
an endocrine lesion. 

Pituitary Lesions. —The most common symptom at pre- 
sentation in patients younger than 25 years was a pituitary 
lesion. This was seen in 12 patients, with six of seven 
womer and three of five men being symptomatic. 

None of these patients was observed to change from a 
negative to a positive status for pituitary hormones during 
the per od of study. Two men presented with gynecomas- 
tia at ages 17 and 18 years. One 12-year-old boy was in- 
vestiga-ed for epilepsy for more than a year before the 
family aistory was known. The serum prolactin level was 
then fo ind to be over 400 ug/L (normal, <11 ug/L) and his 
aggressive expanding tumor required surgery, radiother- 
apy, and bromocriptine for control. Two of the men were 
asymptomatic although one 22-year-old patient had a se- 
rum prolactin level of over 100 ug/L. 

One of the asymptomatic men had elevation of calcium 
and prelactin levels at the time of first screening. In the 
other feur men, the serum calcium level was normal and 
there was no evidence of any other endocrine lesion at the 
time of diagnosis of the pituitary lesion. In two of them, 
calcium levels increased subsequently. 

There were no data available ona 10-year-old Tasmanian 
girl whe died in Melbourne, Victoria, after presenting with 
visual f eld defects and erosion of the pituitary fossa and 
clinoid Srocesses detected on roentgenographic examina- 
tion. Tree other teenage girls, one aged 16 years and two 
aged 17 years, presented with amenorrhea and galactor- 
rhea. S2rum calcium levels measured at the time of di- 
agnosis of a pituitary lesion were found to be normal in 
all three. In one of them it later became elevated. 

One mnarried woman had persistent galactorrhea after 
the birt of her first child at age 23 years. This continued 
for neatly 10 years without the disease being recognized. 
When first investigated by an endocrinologist she was 
found t have elevated calcium and prolactin levels, and 
she suksequently developed a gastrinoma. 

Anotrer woman presented at age 24 years with amen- 
orrhea and was found on first screening to have elevation 
of prolectin, calcium, and gastrin levels. 
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- Table 3.—Sites Involved in 110 Patients Diagnosed 
During Life as Having an Endocrine Lesion* 
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The asymptomatic pituitary lesion in this age group oc- 
curred in a 20-year-cld woman who presented with res- 
piratory problems due to a carcinoid of the bronchus. 
Screening showed elevated serum calcium levels. The se- 
rum prolactin level was normal but CT scan showed a pi- 
tuitary adenoma. 

Parathyroid Lesions —Although the pituitary was the 
most common site of symptomatic presentation in patients 
younger than 25 years, the most common biochemical ab- 
normality was elevation of the serum calcium level. Thirty- 
two of the 34 patients in this age group were tested for 
ionized calcium, and in 21 (66%) it was elevated (12 women 
and nine men). 

Fifteen of 21 patiemts with elevated calcium level were 
asymptomatic and in the majority of patients in this age 
group, the diagnosis was not considered an indication for 
surgery. One patient, however, illustrated the possible 
dangers of prolonged conservative treatment of primary 
hyperparathyroidism in young patients with MEN-1. On 
screening, a 24-year-old woman in apparently excellent 
health was found to have mild elevation of serum calcium 
with normal gastrin and prolactin levels. She was classi- 
fied as highly probable and asked to return for follow-up 
in 1 year. A few months later, following an attack of renal 
colic, she was found to have widespread bilateral neph- 
rocalcinosis. Following parathyroidectomy, follow-up 
studies confirmed previous observations that this compli- 
cation, unlike the bone changes in hyperparathyroidism, 
is irreversible. Another woman, aged 22 years, showed 
marked nephrocalcinosis at first investigation and was hy- 
pertensive. 

Three of the five symptomatic patients were women. 
Two of these (one at age 15 years) complained of tiredness 
and bone pains, especially in the legs. Another (aged 16 
years) presented with thirst, nausea, and vomiting that 
was most pronounced in the mornings and believed to be 
due to pregnancy. One of the two symptomatic men was 
a 24-year-old jockey who complained of tiredness and 
muscle weakness particularly involving his forearms and 
creating an occupational hazard. Another man, aged 23 
years, complained o! peptic ulcer symptoms and had el- 
evation of serum gastrin and calcium levels. 

The youngest patient with hyperparathyroidism was an 
11-year-old boy in whom both ionized calcium and total 
calcium levels were significantly elevated. 
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Pancreatic Lesions. —Ten patients younger than 25 years 
(seven women and three men) had evidence of a pancre- 
atic lesion. 

The most common symptomatic pancreatic lesion was 
insulinoma arising in all five patients (two male and three 
female) in this age group in this family. Only one of the 
young patients with insulinoma showed an elevation of 
serum calcium level at the time of presentation with the 
pancreatic lesion. The only young patient with lesions at 
all three classic sites appearing before age 20 years de- 
veloped a pituitary lesion at age 12 years when there was 
no evidence of pancreatic or parathyroid lesions. He de- 
veloped an insulinoma at age 14 years when there was no 
evidence of parathyroid lesion. The calcium level became 
elevated at age 16 years. 

Two female patients, aged 15 and 21 years, presented 
with typical attacks of hypoglycemia. In both, the calcium 
level became elevated for the first time some years later. 
The 15-year-old girl was diagnosed by an alert family phy- 
sician who measured the serum glucose level at the time 
of her first episode, which was brought on by a 5-hour 
round of golf. This illustrates the value of a family register 
for these patients and contrasts strikingly with another 
family member whose case records indicate that medical 
attendants were unaware of the family history. Records 
from the psychiatric clinic that he attended for years for 
treatment of “epilepsy” clearly show that his hypoglyce- 
mic attacks commenced as a teenager but were not cor- 
rectly diagnosed until age 31 years. 

Three patients in this age group had elevation of serum 
gastrin levels, but none of these was younger than 21 
years. Only two (6%) of 34 patients diagnosed as having 
MEN-1 before age 25 years had symptoms of peptic ulcer. 

Three women in this age group aged 17, 22, and 23 years 
had no symptoms related to a pancreatic lesion at first 
screening and had normal hormone levels, but showed 
lesions in the pancreas on ultrasound study. One devel- 
oped the clinical appearances of hypoglycemic episodes 2 
years later. 

Lesions of the Adrenal, Bronchus, and Thymus. —There have 
not been any cases of carcinoid of the thymus in this age 
group. 

The first presentation of MEN-1 in two young female 
patients was as carcinoid of the bronchus. One had res- 
piratory symptoms, while the other was asymptomatic 
when this was noted on routine chest roentgenography. 

Two women (aged 17 and 23 years) had lesions of the 
adrenal on ultrasound study. The following conclusions 
can be drawn from the patients younger than 25 years in 
this study. 

1. All of the symptoms commonly recognized in 
MEN-1, with the exception of those due to carcinoid of the 
thymus, occurred in this age group. 

2. The most common presenting symptoms of MEN-1 
in this age group were associated with prolactinoma of the 
pituitary. 

3. Unlike the family described by Marx et al,° lesions of 
the pituitary are not uncommon in men and may be symp- 
tomatic and aggressive. 

4. The most common symptomatic lesion of the pan- 
creas in this age group was insulinoma. Asymptomatic 
pancreatic lesions may be present and can be demon- 
strated by ultrasound study. 

5. Elevations of serum gastrin levels and symptoms of 
peptic ulcer were not seen in patients younger than 21 
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years. Peptic ulcer was seen in only two (6%) of 34 patients 
younger than 25 years. 

6. There is no regular pattern of sequential develop- 
ment. The parathyroid may not be the first site to be af- 
fected, and lesions of the pituitary, pancreas, or adrenal 
may be present at a time when there is no evidence of 
primary hyperparathyroidism. 

Age Group 25 to 55 Years (Tables 2 and 3). —Fifty-eight 
patients (36 women and 22 men) classified as highly prob- 
able or very highly probable were first diagnosed between 
ages 25 and 55 years as having an endocrine lesion. Twenty 
(34%) of these were asymptomatic. 

Pituitary Lesions. — Thirteen patients (five men and eight 
women) were diagnosed as having a lesion of the pitu- 
itary. Three patients (one man and two women) in this age 
group presented with pituitary lesions before the kindred 
was recognized and died of their tumor without additional 
endocrine investigations. 

The remaining 10 patients (four men and six women) 
were fully investigated. Two women between ages 25 and 
30 years presented with amenorrhea and galactorrhea. 
One woman was investigated because of unexplained 
Horner’s syndrome. The other three women in this age 
group were asymptomatic and the only indication to mea- 
sure the prolactin was the knowledge that they belonged 
to the family with MEN-1. All three had lesions of the 
pancreas and two had parathyroid hyperplasia. All of the 
women with elevated prolactin levels, whether symptom- 
atic or asymptomatic, had radiologic evidence of a pitu- 
itary tumor. 

At the time of this study, all of the four living men in 
this age group with elevated prolactin levels were asymp- 
tomatic and all had fathered families. In one, the level at 
first screening was 184 ug/L (normal, 11 ug/L) and at sec- 
ond screening was over 200 ug/L. He had mild gyneco- 
mastia and obesity but normal male hair distribution, and 
admitted to only minor loss of libido. 

Parathyroid Lesions.—lonized serum calcium levels of 
five of 58 patients in this age group were never estimated. 
Forty-five (85%) of the remaining 53 had elevated serum 
calcium levels. 

Of nine patients with renal problems, eight (six men and 
two women) gave a history of renal calculus. One woman 
had nephrocalcinosis without any history of calculus. 

In all except three patients older than 30 years, calcium 
elevation was found at first screening for MEN-1. In one 
man, the ionized calcium level was borderline at ages 36 
and 37 years and clearly elevated for the first time at age 
38 years. Another man had borderline levels at ages 52 and 
53 years and clearly elevated levels at age 54 years. One 
woman a had borderline level at age 49 years and an el- 
evated calcium level at age 50 years. 

Patient 479, a category-1 woman from genealogy 6, was 
the only patient in this age group (or any other age group) 
who showed the classic features of Von Recklinghausen’s 
disease. In 1972, after 11 years of recorded hypercalcemia 
with bilateral staghorn calculi, she developed small bone 
cysts in the left tibia and one metacarpal. She underwent 
three unsuccessful operations with two neck explorations 
and one sternotomy. On each occasion, the surgeon in- 
formed her that he had removed an abnormal parathyroid 
gland but hypercalcemia persisted. Despite the develop- 
ment of bone cysts, she declined any further explorations. 
A few months later, following massive gastrointestinal 
hemorrhage and intractable ulcer pain, she underwent to- 
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tal gastrectomy. Within another 10 months, this patient 
develeped multiple cysts and gross osteoporosis involving 
every long bone and many of her smaller bones as well. 
She sastained repeated fractures and agreed to further ` 
paratl yroid surgery that proved successful in restoring 
her bcne architecture after a period of hypocalcemia. The 
extracrdinary rapidity of deterioration of this patient's 
bones-following gastrectomy suggests that dietary factors 
are im portant causes. 

Abcominal pain was associated with elevation of serum 
calcium levels in 21 patients in this age group. In 14, it 
occursed in association with elevated serum gastrin levels 
but in seven patients, the serum gastrin level was normal 
and there was no evidence of pancreatic adenoma on ul- 
trasound study. Two of these seven patients with elevated 
calcium but normal gastrin levels had intractable ulcer- 
ation hat did not respond to medical treatment but was 
relieved when parathyroidectomy restored the calcium 
levels to normal. 

Pan-reatic Lesions. — Twenty-two (38%) of the 58 patients 
in this age group showed evidence of a pancreatic lesion. 

Sixteen patients (six men and 10 women) had elevated 
gastrin levels. In 14 of these, the ionized calcium levels 
were also elevated and all of these patients had long his- 
tories >f epigastric pain, although notall of them had active 
ulcers on endoscopy. Two patients had elevated gastrin 
but nermal ionized calcium levels and neither of them 
comphined of epigastric pain, although one gave fre- 
quency of bowel action as two or three times a day. This 
had been her lifelong pattern and she regarded it as normal 
and ccnsidered herself to be in excellent health. Her serum 
gastrin level was over 13 000 ng/L (normal, <50 ng/L) and 
CT scan showed a lesion in the liver that subsequently 
prove d to be a metastasis from a gastrinoma. She also had 
an elevated prolactin level and radiologic evidence of an 
asymptomatic pituitary tumor. She was an example of a 
patient with MEN-1 older than 50 years with pancreatic 
and pituitary lesions but no evidence of hyperparathy- 
roidism. 

Six Datients (five women and one man) with no abnor- 
malities on biochemical analysis or bioassay and no as- 
sociated symptoms had lesions in the pancreas demon- 
strated by ultrasound study. They underwent abdominal 
ultraseund scanning only because of elevated ionized cal- 
cium Levels. In one woman with elevated calcium but nor- 
mal gastrin levels and normal pancreas on ultrasound 
study, a submucosal lesion was seen in the duodenum at 
endoscopy which, on biopsy, proved to be a gastrinoma. 
This il ustrates the possibility of a patient with MEN-1 hav- 
ing a gastrinoma with a normal level of circulating gastrin, 
and cenversely, that it must not be assumed that a gas- 
trinonaa found in the duodenum is the cause of a patient's 
elevated gastrin level. 

Twenty-one patients in this age group complained of 
periocic epigastric pain suggestive of peptic ulceration but 
overall, only 13 (22%) of 58 patients had a peptic ulcer at 
endoscopy. All of these patients had elevated calcium lev- 
els bu? not all had raised gastrin levels. 

Lesiəns of the Adrenal, Bronchus, and Thymus. —One man 
(aged 32 years) and one woman (aged 42 years) appeared 
to die of adrenal carcinoma with liver metastasis. Only 
four cases of adrenal carcinoma in MEN-1 have been re- 
portec in the literature.’ 

Three other patients in this age group showed asymp- 
tomate adrenal lesions on ultrasound study. 
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Five patients are considered to have had intrathoracic 
carcinoid. In three women this arose in the bronchus. In 
two men it appears to have arisen in the thymus. Although 
the numbers of this lesion are small, it should be noted that 
in the family Tasman 2, two men with intrathoracic car- 
cinoid were seen and both had lesions of the thymus and 
were in this age group. 

Age Grou up Over 55 Years (Tables 2 and 3). — Majewski 
and Wilson,” ina rather gloomy portrayal of the prognosis 
of MEN-1 reported that, in their experience, only two pa- 
tients survived longer than age 55 years and both required 
therapy for complications of peptic ulcer. 

In this group, elderly family members with a high or 
very high probability of MEN-1 were found to be asymp- 
tomatic to an even greater extent than in young and 
middle-aged patients. 

In 18 patients (nine men and nine women), the diag- 
nosis of an endocrine disorder was made for the first time 
after they had reached age 55 years. Two declined tests and 
the diagnosis was based on their being parents of affected 
children. 

Pituitary Lesions. —This is the only age group in which 
there were no patients of either sex with any evidence of 
a pituitary lesion. This is consistent with observations that 
will be discussed in a later article that aggressive pituitary 
lesions rather than complications of peptic ulcer cause a 
significant death rate by middle age. 

Parathyroid Lesions. —Thirteen (87%) of the 15 patients 
tested in this age group had elevated serum calcium levels. 
Another patient untested during life had multiple par- 
athyroid hyperplasia found at postmortem examination at 
age 84 years. In 12 of these patients, the calcium level was 
elevated at first investigation. In one woman, the ionized 
calcium level was borderline at first investigation at age 
57 years, borderline at age 59 years, and clearly elevated 
for the first time at age 60 years. 

The oldest living patient with MEN-1 in the family was 
asymptomatic. Patient 646, born in 1905, was classified as 
very highly probable because he was the parent of patients 
1548, 1551, and 1553, all of whom had multiple endocrine 
problems. When first tested in 1983 at age 78 years, no 
abnormalities were found in this man. His medical records 
included only a chainsaw injury. He arrived in Hobart af- 
ter a 50-mile boat trip for emergency surgery and returned 
home by ferry the same day. His albumin-corrected serum 
calcium level was 2.44 mmol/L in 1983 (normal, 2.20 to 
2.60 mmol/L) and 2.36 mmol/L in 1984. In 1987, when it 
was possible to estimate the ionized calcium level, it was 
found to be marginally elevated at 1.30 and 1.31 mmol/L 
(normal, 1.14 to 1.29 mmol/L) and the parathyroid hor- 
mone level was elevated. 

Pancreatic Lesions. — Four of the eight men and four of the 
eight women tested had evidence of a pancreatic lesion. 
The association of a pancreatic lesion with abdominal pain 
showed the same relationship in this age group as in the 
younger age groups. Five patients with elevation of both 
gastrin and calcium levels had long histories of abdominal 
pain; two patients with elevated gastrin but normal cal- 
cium levels did not. One of these was an 82-year-old man 
seen for the first time with jaundice attributed to a car- 
cinoma of the head of the pancreas. The serum gastrin 
level was elevated. A biopsy was not performed and post- 
mortem study was refused. Since there was no histological 
confirmation and only one serum gastrin test was per- 
formed, he was classified as highly probable on the basis 
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of being the parent of a 54-year-old with primary hyper- 
parathyroidism rather than on the basis of his own find- 
ings. 


There have been no cases of insulinoma in patients with - 


MEN-1 in this age group, although we have encountered 
several sporadic cases of insulinoma in elderly patients in 
Tasmania. 

In reviewing pancreatic lesions at all ages in Tasmania, 
it has become apparent that there are no recorded cases 
of sporadic gastrinoma at any age in this community. Ev- 
ery patient with this diagnosis is a member of one of the 
families with MEN-1. This is quite different from insuli- 
noma, of which the majority of patients in Tasmania rep- 
resented sporadic cases and not family members. 

Lesions of the Adrenal, Bronchus, and Thymus.—No new 
cases of thoracic carcinoid in women presented for the first 
time in this age group. A man presented for the first time 
at age 64 years with a 2-year history of shortness of breath 
due to massive malignant carcinoid of the thymus. He was 
found to have asymptomatic hyperparathyroidism, and 
ultrasound study showed asymptomatic lesions of the 
pancreas and adrenals. He was the only patient in this age 
group in whom an adrenal lesion was demonstrated. 

Conclusions From the Age Group Over 55 Years. —The find- 
ings in patients older than 55 years indicated that the in- 
heritance of the MEN-1 gene was not incompatible with 
the enjoyment of good health and survival into old age. 
This is of great importance and needs to be widely ap- 
preciated when it becomes possible to identify carriers by 
genetic studies of the infant or fetus. 

Another conclusion from the finding of affected but 
asymptomatic elderly patients in this family was that pa- 
tients were not necessarily asymptomatic when young 
simply because they were at an early stage of this disorder. 
Some patients who are asymptomatic at onset may de- 
velop symptoms in later life but overall, the highest per- 
centage of asymptomatic patients was seen in the elderly, 
with 29% of those younger than 25 years and 50% of those 
older than 55 years being asymptomatic (Table 4). 


Sex Distribution and Sex Linkage of MEN-1 
(Tables 2 and 3) 


The total prevalence of MEN-1 and the prevalence at 
each of the three common sites (pituitary, parathyroid, 
and pancreas) in patients younger than 55 years were 
higher in women than in men. However, there were equal 
numbers of men and women among the elderly, and also 
among deceased family members with affected offspring. 

The apparently larger number of women among young 
and middle-aged patients probably reflects the reluctance 
of asymptomatic or mildly symptomatic men compared 
with women to consult a medical practitioner. 

The most definite suggestion of sex linkage in both ex- 
pression and inheritance of the gene appears in relation 
to intrathoracic carcinoid tumors. Combining the figures 


from Tasman 1 and 2, there vere ive patients with car- 


cinoid of the bronchus andall were Ñ vomen. There were 
five patients with carcinoid’ s and all were 
men. Four of the wome i ar d h of the men with in- 
trathoracic carcinoid i i nerited N-1 from their mother 
rather than from their. Ni vans The numbers are too small 
for significant satiation ‘ane alysis. T 
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Table 4.—Number of Sites Involved and Presence or Absence of Symptoms in 110 Patients Diagnosed During Life as 
Having an Endocrine Lesion 


No. of Asymptomatic Patients by Age, y 


<25 25-55 
Sn 
No. of 
Asymptomatic 
Patients 


No. of 
Patients 


No. of 
Patients 


1 
2 
3 
4 
5 


Unknown ciate WN 
Total 10 (29%) 





eaae N, 
No. of 
Asymptomatic 
Patients 


>55 All Ages 
Sy, 
No. of 
Asymptomatic 
Patients 


No. of 
Asymptomatic 
Patients 


No. of 
Patients 


Wo. of 
Patients 


2 


9 (50%) 


*Sites included parathyroid, pituitary, pancreas, thoracic carcinoid, and adrenals. 


COMMENT 


The primary objective of this article was to review the 
natural history of MEN-1 in a large family in which the 
great majority of cases were picked up by screening rather 
than at presentation at an endocrine clinic. A review of 
symptoms compared with biochemical and radiologic 
findings in this situation clearly indicates that MEN does 
not become an easily recognized condition with the pas- 
sage of time. The implication of the article by Majewskiand 
Wilson,’ that individuals will develop endocrinopathy at 
all sites if followed up long enough and investigated ap- 
propriately, has not been borne out and the highest in- 
cidence of affected but asymptomatic carriers of MEN-1 is 
seen in the elderly. Patients may show no evidence of any 
lesion other than asymptomatic mild primary hy perpar- 
athyroidism on full investigation even when they have 
children and grandchildren with symptomatic lesions at 
multiple sites. Although many of the asymptomatic pa- 
tients had a lesion at only one site, especially the parathy- 
roid, it was also found that patients with symptoms from 
one site may have asymptomatic lesions at one, two, or 
even three other sites. 

It must be emphasized that in the context of hyperpar- 
athyroidism, the term asymptomatic indicates that the pa- 
tients were unaware of any abnormality due to the ele- 
vated calcium level. Careful examination revealed 
myopathy, hypertension, and renal calculi or nephrocal- 
cinosis in a number of asymptomatic patients. 

Table 5 shows that overall and in every age group the 
majority of patients undergoing full clinical and biochem- 
ical investigation had only one demonstrable endocrine 
abnormality. There were five rather than three ommon 
sites for the expression of MEN-1. It is noteworthy that 
only two patients in the whole family were identified as 
having lesions at four sites and no patients had lesions at 
all five sites. However, we did not perform a rovtine CT 
scan of the pituitary in patients with normal prolactin lev- 
els as in the series studied by Vasen et al,'” and asymp- 
tomatic patients with normal pancreas on ultrasound 
study were not screened for pancreatic hormones other 
than gastrin. 

The only single site at which single lesions appeared 
invariably to cause symptoms was the thymus :n men, 
where all lesions were malignant and invasive carcinoids. 
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Takle 5.—Symptoms in 110 Patients Diagnosed During 
Life as Having an Endocrine Lesion 









Age, y 
————— SS A A y 
<25 25-55 >55 Tota! 
(n=34) (n=58) (n=18) (n=110) 







Symptoms 









Asymptomatic 


Symptoms of one 
endocrine disorder 19 19 4 42 


Pept c ulcer symptoms 
weh raised calcium 
and gastrin levels 2 14 5 21 


Symptoms of two or 
mere endocrine 
disorders other than 

peotic ulcer 










The >ther situation in which all patients seemed to be- 
come symptomatic was the combination of elevated gas- 
trin and calcium levels. This was associated in all patients 
with burning epigastric pain, although not all showed an 
active alcer on endoscopy. 

The relationship between parathyroid and pancreatic le- 
sions m the etiologic characteristics of peptic ulcer in 
MEN-1 is not clear. Although we regarded patients with 
elevation of both calcium and gastrin levels as having two 
endocrine disorders, it is well recognized that gastrin lev- 
els can drop to normal or near normal after parathyroi- 
dectomy. In patient 1177 of genealogy 9, the serum gastrin 
level was reported as 21 000 ng/L (normal, up to 50 ng/L) 
before parathyroidectomy and as 150 ng/L after surgery. 
It has keen suggested that the duodenum rather than the 
pancreas is the major site of gastrinomas in MEN-1."° 

Twenty-two (20%) of the 110 living patients classified as 
highly or very highly probable had peptic ulcer symptoms 
associated with elevated calcium and gastrin levels and 
some cf these had symptomatic pituitary lesions also, so 
that thay may be considered to have manifested the dis- 
order at three separate sites. Table 5 reviews these and the 
remaining 88 patients and shows that apart from this 
group, over 40% of patients were asymptomatic and more 
than 99% had symptoms attributable to only one endo- 
crine abnormality. 
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In a family in which the diagnosis was considered to be 
highly or very highly probable in 130 members, only four 


i» presented with symptoms readily recognized as MEN in 


the absence of related family history. One of these, al- 
though born in Tasmania, had married and moved to an- 
other state and I was unaware of her existence at the com- 
mencement of this study. None of the other three was 
aware that they were in any way related to each other, and 
one was suspected to have MEN-2 rather than MEN-1. The 
chance coincidence that two of these three patients were 
women presenting at about the same age and looking re- 
markably alike led to an exhaustive search of archives re- 
vealing an extensivefamily tree in which 126 other patients 
were identified. There were a further 22 patients in whom 
the diagnosis was considered moderately probable and a 
further 242 siblings and children classified at 50% risk of 
carrying the gene in the family designated Tasman 1. More 
* than 150 of these 242 were living family members who 
either had never been tested or were younger than 25 
years. Some patients had left Tasmania, others could not 
be traced, and many refused to cooperate with this in- 
vestigation, so that these figures are based on screening 
of only 600 of the 2000 family members. Moreover, a con- 
stant awareness of this condition in Tasmania among fam- 
ily doctors, interns, medical students, and hospital staff 
led to the recognition of at least three other families in this 
state with either MEN-1 or familial hyperparathyroidism. 
Investigating them on a similar scale as in Tasman 1 has 
been beyond my resources. 

If Tasman 1 isa typical family, it seems that patients with 
the classic presentation of multiple symptomatic endo- 
crine lesions represen: only a small fraction of the total 
prevalence of MEN-1 in the community. Rather than being 
highly uncommon, it may be highly unrecognized. I sug- 


Date of 
Birth-Death 


Generation/ 


gest that the diagnosis of MEN-1 should be considered in 
all of the following situations: (1) chief-cell hyperplasia of 
the parathyroids with normal renal function; (2) prolac- 
tinomas in young patients of either sex; (3) insulinomas in 
young patients; (4) intrathoracic carcinoids and especially 
carcinoid of the thymus in men older than 40 years; (5) 
Zollinger-Ellison syndrome; (6) pancreatic tumors in 
young patients and slow-growing pancreatic tumors in all 
patients; and (7) adrenal tumors, both benign and malig- 
nant. 

In assessing the significance of additional endocrine 
tests of such patients and their relatives, the clinician 
should be aware that one lesion at any site may be the first 
and only presentation of MEN-1 in the patient's lifetime 
but that in the majority of cases, the serum ionized calcium 
level is elevated or will become elevated later. 

A family history indicating that aged parents are alive 
and well or that they died at a ripe old age should never 
be considered to make the diagnosis of MEN-1 unlikely. 
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Basis of Estimate of Risk 


Generation/ 
Patient No/Sex 


Very high 1/6/M 

50% 2/510/M 
Very high 2/506/M 
Moderate 3/690/M 
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1846-1911 
1827-1895 
1861-1861 
1862-1936 
1864-1944 


1866-1923 
1870-1870 
1873-1938 
1875-1875 
1875-1920 
1877-1901 
1879-1942 
1882-1956 
1841-? 

1848-2? 


Date of 
Birth-Death 


1879-1942 
1902-1961 
1903-1937 
1930 


Parent of patients 6, 7, 9, 10, 12 

Parent of patients 6, 7, 9, 10, 12 

Sibling of patients 6, 7, 9, 10, 12 

119 descendants; 22 tested without evidence of endocrine tumors 

454 descendants; 145 tested, one had elevated calcium, 144 with no evidence 
of endocrine tumors 

See genealogy 7 

Sibling of patients 6, 7, 9, 10, 12 

See genealogy 9 

Sibling of patients 6, 7, 9, 10, 12 

See genealogy 10 

1 descendant; not tested 

See genealogy 6 

See genealogy 12 

Sibling of patients 6, 7,9, 10, 11 

Sibling of patients 6, 7,9, 10, 11 


Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 


NT; father of patient 506 

NT; brother of patient 506 

NT; father of patient 479; bilateral renal calculi 
T 1987; gastric ulcer; borderline ionized calcium 





‘Continued on p 944.) 
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Risk of 
MEN-1 


Very high 


Very high 


High 


50% 
Very high 


High 
High 
50% 
50% 
50% 
50% 
50% 
50% 
50% 
50% 
50% 
Moderate 
Very high 
High 


50% 
50% 
Very high 


High 


50% 
Very high 


50% 
Very high 


High 
High 


50% 
50% 
50% 
High 


50% 
50% 
50% 
50% 
50% 
50% 
50% 
Very high 
Very high 


Very high 


50% 
50% 
50% 
High 


Generation/ 
Patient No./Sex 


3/479/F 


4/81 1/F 


5/1738/F 


5/1739/M 
4/160/F 


3/473/F 
4/1741/F 
5/1749/F 
5/1750/F 
4/1742/M 
4/1743/M 
4/1744/M 
4/1745/F 
4/1746/F 
4/1747/M 
4/1748/M 
2/708/F 
2/575/F 
3/1754/F 


4/1758/F 
4/1759/F 
3/1755/M 


4/1760/F 


3/1756/M 
3/1757/M 


4/1764/F 
4/1763/M 


2/559/F 
2/554/M 


3/1771/F 

3/1772/M 
3/1773/M 
3/1774/M 


4/1793/M 
4/1794/M 
4/1795/F 
3/1775/M 
3/1766/M 
3/1777/M 
3/1778/F 
2/551/M 
3/1803/F 


4/1804/F 


4/1805/F 
4/1806/F 
3/1800/F 
3/1801/F 
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Date of 


Birth-Death 


1931-1989 


1949 


1972- 


1984- 
1952- 


1936-1979 
1957- 
1982- 
1985- 
1958- 
1959- 
1961- 
1964- 
1965- 
1966- 
1968- 
1905-1941 
1907-1955 
1928- 


? 
? 
1929-1988 


1963- 


1933- 
1939 


1966 
1970 


1911-1945 
1912-1986 


1935 
1937 
1960 
1944 


1966 

1967 

1970 

1945 

1967 
1850-51 
1951 
1914-1967 
1940 


1965 


1968 
1974 
1946 
1948 









Genealogy 6* (cort) 






Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 


1961, bilateral remal calculi, elevated total calcium; 1962, 
parathyroidectany; 1972, duodenal ulcer, elevated gastrin, total 
gastrectomy and resection gastrinoma pancreas; 1987, US and CT 
abdomen showed mesenteric metastases; 1988, elevated prolactin, CT, 
erosion pituitary fossa 

1977, galactorrhea; T 1982; elevated prolactin, elevated total calcium, 
elevated gastrin. CT, erosion pituitary fossa; 1984, parathyroidectomy, child 
of patient 479 

T 1987, pain legs, normal total calcium, elevated ionized calcium, 
parathyroidectomny, child of patient 811 

NT; child of 811 

T 1973, asymptorratic, elevated total calcium; 1976, pain legs, 
parathyroidectomy; 1988, DU, normal gastrin; 1989, US, adenoma 
adrenal, child ot patient 479 

NT; mother of patient 1741, sibling of patient 479 

1984, asymptomatc, elevated gastrin 

NT; child of patiert 1741 

NT; child of patient 1741 

NT; sibling of patient 1741 

NT; sibling of patient 1741 

NT; sibling of patient 1741 

T 1984/1987, NAL; sibling of patient 1741 

NT; sibling of patient 1741 

NT; sibling of patient 1741 

NT; sibling of patient 1741 

NT; chronic gastric ulcer; sibling of patient 575 

NT; mother of patient 1755, bilateral renal calculi 

T 1983, NAD; 1984, NAD; 1987, normal total calcium, borderline ionized 
calcium; 1989, normal total calcium, elevated ionized calcium, sibling of 
patient 1755 

NT; child of patient 1754 

NT; child of patient 1754 

1965-72 DU; 1972 vagotomy and pyloroplasty, elevated calcium 
postoperatively, parathyroidectomy; T 1984, elevated gastrin 

1978, amenorrhea; 1980, galactorrhea, elevated prolactin; CT 
microadenoma ptuitary; child of patient 1755 

NT; sibling of patiemt 1755 

1965, bilateral rena calculi and nephrocalcinosis, normal total calcium; 
1983, elevated toal calcium, elevated prolactin, CT, normal pituitary fossa; 
1984, parathyroicectomy, sibling of patient 1755 

NT; child of patient 1757 

T 1985, asymptomatic, elevated prolactin, normal total calcium; 1987, 
gynecomastia, CT erosion pituitary fossa; 1989, borderline ionized 
calcium; child of datient 1757 

1945, death certificate listed pituitary tumor; sibling of patient 506 

1986, jaundice, laperotomy, neoplasm pancreas, liver metastases, elevated 
gastrin; sibling of satient 506, father of patient 1774 

T 1983, NAD; sibling of patient 1774 

NT; sibling of patient 1774 

T 1984, 1985, 1988 1989, NAD; sibling of patient 1774 

T 1983, DU, normal total calcium and gastrin; T 1985, NAD; 1988, normal 
total calcium, borderline ionized calcium; 1989, normal total calcium, 
elevated ionized calcium 

NT; child of patient 1774 

NT; child of patient 1774 

NT; child of patient 774 

NT; sibling of patien 1774 

NT; sibling of patien 1774 

NT; sibling of patien: 1774 

NT; sibling of patien: 1774 

NT; father of patient 1803, death from perforated ulcer 

T 1983, asymptometic, elevated total calcium; 1986, parathyroidectomy; 
1986, elevated prclactin, CT erosion pituitary fossa 

1981, galactorrhea aad amenorrhea; 1982, elevated prolactin; T 1983, 
elevated calcium, ZT large pituitary tumor, 1985, surgery/irradiation 
pituitary; child of patient 1803 

T 1983, 1988, NAD; child of patient 1803 

T 1983, borderline tetal calcium; child of patient 1803 

T 1983, 1987, NAD; sibling of patient 1803 

T 1983, NAD; 1987, Horner’ syndrome, CT pituitary adenoma; sibling of 
patient 1803 
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Genealogy 6* (cont) 


Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 





i ; Risk of Date of 
MEN-1 Birth-Death 


Very high 3/1802/F 1953 1978, galactorrhea, elevated prolactin; T 1983, elevated total calcium; 
sibling of patient 1803 

50% 4/1814/M 1971 NT; child of patient 1802 

50% 4/1813/M 1981 NT; child of patient 1802 

50% 4/1815/M 1986 NT; child of patient 1802 

50% 2/556/F 1917 NT; sibling of patient 506 

High 2/53 1/F 1919-1983 1970, bone pains; 1983, elevated total calcium, NT for gastrin or prolactin; 
sibling of patient 506 

50% 3/4816/M ? NT; child of patient 531 

High 34 817/F 1943 T 1989, elevated total and ionized calcium 

50% 2/484/F 1922 T 1989, NAD; sibling of patient 506 


j *MEN-1 indicates multiple endocrine neoplasia type 1; T, tested; NT, not tested; US, ultrasound; CT, computed tomography; DU, duodenal ulcer; 
] and NAD, nothing abnormal! detected. 


| Genealogy 7* 


Risk of Generation/ Date of Date of First Symptoms, First Screening, 
MEN-1 Patient No/Sex Birth-Death and Basis of Estimate of Risk 








1/7/M 
{2023"M 
2/2025'M 
2/2026°F 
2/2026/M 
2/2028/M 
2/2030/M 
3/21 35/M 
3/24 36/M 
3/2437/M 
4/24 51/F 
4/2152/F 
5/2155/F 
3/21 38/F 
3/2139/M 
3/21 40/F 
3/2141/F 
2/2031/F 
2/2032/M 
2/2033/F 
2/2034/F 


1866-1923 
1880-1950 
1891-1973 
1893-2 
1896-1977 
1896-1917 
1900-1984 
1923-1977 
1925-1950 
1926 

1949 

1961 

1984 

1927 

1931 

1953 

1935 
1902-1974 
1904-1978 
1906-1966 
1909 


NT; father of patient 2030 

NT; sibling of patient 2030 

NT; sibling of patient 2030 

NT; sibling of patient 2030 

NT; sibling of patient 2030 

NT; sibling of patient 2030 

1984, parathyroid hyperplasia at postmortem examination, NT, gastrin or prolactin 
NT; child of patient 2030 

NT; child of patient 2030 

T 1985, NAD; father of patient 2152 
T 1985, NAD; sibling of patient 2152 
T 1986, amenorrhea, elevated prolactin 
NT; child of patient 2152 

NT; sibling of patient 2137 

NT; sibling of patient 2137 

T 1985, NAD; sibling of patient 2037 
NT; sibling of patient 2137 

NT; sibling of patient 2030 

NT; sibling of patient 2030 

NT; sibling of patient 2030 

NT; sibling of patient 2030 





Genealogy 9* | 


Generation/ 


Risk of Date of Date of First Symptoms, First Screening, 
MEN-1 Patient No./Sex Birth-Death and Basis of Estimate of Risk 


Pa 





Very high 
Very high 
50% 

Moderate 


Moderate 
High 
50% 
Moderate 


Moderate 


Very high 


Moderate 
Very high 


50% 
50% 
50% 


1/9/M 

2633/F 
3/66 5/F 
4/835/F 


57853/F 
37667/M 
3/669/M 
4/911/F 


5/9 14/F 
3/666/F 


3/670/M 
3/668/F 


4/686/M 
4/687/M 
4/688/F 
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1873-1938 
1895-1969 
1912 
1936 


1987 
1913-1981 
1914-1949 
1939 


1966 
1915-1986 


1923-1967 
1926 


1968 
1950 
1952 


NT; father of patient 638 

NT; mother of patient 666 

T 1989, NAD; child of patient 638 

T 1984, 1987, 1988, asymptomatic, elevated total calcium, normal ionized calcium; 
child of patient 665 

Hypertension, borderline ionized calcium; child of patient 836 

NT; bilateral adrenal adenomas, schwannoma peripheral nerve; brother of patient 666 

NT; brother of patient 666 

T 1986, 1987, 1988, asymptomatic, elevated total calcium, normal ionized calcium, 
child of patient 659 

T 1987, asymptomatic, borderline ionized calcium; child of patient 91 1 

1961, asymptomatic, carcinoid bronchus on routine roentgenogram; T 1983, elevated 
total calcium, elevated gastrin; 1985, US pancreatic lesion, bilateral adrenal 
adenoma 

NT, duodenal ulcer; brother of patient 666 

T 1983, epigastric pain, elevated gastrin, total calcium normal; 1984, total calcium 
normal; 1985, total calcium normal; 1986, ionized calcium elevated; 1987, 
parathyroidectomy; sister of patient 666; mother of patient 689 

T 1983, NAD; child of patient 668 

NT; child of patient 668 

T 1983, NAD; child of patient 668 


(Continued on p 946.) 
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Risk of 


MEN-1 
Very high 


50% 
50% 
Moderate 
50% 
Very high 


Moderate 
50% 
High 
Moderate 
50% 
High 


50% 
50% 
50% 
High 
50% 
50% 
50% 
Very high 


Moderate 


50% 
50% 
50% 
Very high 
Moderate 


Very high 


Very high 


Very high 


50% 
50% 
50% 
50% 
Very high 


High 
50% 
50% 
Very high 


50% 
50% 
50% 
50% 
50% 
50% 
50% 
50% 
50% 
High 


Generation/ 
Patient No./Sex 


4/689/F 


5/926/F 
5/925/F 
3/671/M 
2/639/M 
2/640/F 


3/993/F 
3/994/M 
3/995/F 
4/1024/F 
4/1025/M 
3/996/M 


4/1034/M 
4/1035/F 
4/1036/M 
4/1037/F 
3/997/F 
3/998/M 
3/999/F 
3/1000/F 


4/1050/F 


4/1051/M 
4/1052/M 
2/641/M 
2/642/F 
3/1055/F 


3/1056/F 


4/1093/M 


5/1099/F 


5/1100/M 
4/1091/M 
4/1092/M 
3/1057/F 

3/1059/M 


4/1113/F 
5/1117/M 
5/1118/M 
4/1114/F 


4/1112/F 
4/1119/M 
4/1120/F 
3/1060/M 
3/1061/M 
3/1062/F 
3/1058/F 
3/1063/M 
3/1064/F 
3/1065/F 


Date of 


Birth-Death 


1959 


1979 
1981 
1929-1954 
1896-1963 
1898-1954 


1919 
1921-1971 
1923 
1967 
1969 
1926 


1950 

1951 

1954 

1964 

1927 
1930-? 
1931-1933 
1938 


1956 


1958 
1962 
1899-1900 
1901-1959 
1920 


1922 


1943 


1969 


1972 
1947 
1948 
1923 
1925 


1951 
1972 
1974 
1952 


1954 
1973 
1974 
1926-1989 
1928-1978 
1930 
1931-1934 
1934 
1936 
1938 
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Genealogy 9* (cort) 


Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 





T 1983, asymptomatic, elevated total calcium; 1984, renal colic, US 
nephrocalcinosis, parathyroidectomy; 1987, US lesions pancreas and right adrenal; 
child of patient 668 

NT; child of patient 689 

NT; child of patient 689 

NT, acute pancreatitis; sibling of patient 666 

NT; sibling of patient 638 

NT; 1950, chromophobe adenoma of pituitary; sibling of patient 638; mother of 
patient 1000 

T 1985, 1988, asymptomat c, moderate elevation of gastrin; sibling of patient 1000 

NT; sibling of patient 1000 

T 1986, hypertension, elevated calcium, parathyroidectomy; sibling of patient 1000 

T 1989, asymptomatic, borderline ionized calcium; child of patient 995 

T 1986, 1987, 1989, NAD; son of patient 995 

1972, ependymoma spinal -ord; 1974, ureteric calculus; 1983, asymptomatic, 
normal total calcium; T 1384, asymptomatic, normal total calcium; 1987, 
asymptomatic, elevated tetal calcium, elevated ionized calcium; sibling of patient 
1000 

T 1983, 1985, 1986, 1987, NAD; child of patient 996 

T 1985, NAD; child of patient 996 

T 1987, NAD; child of patient 996 

T 1984, asymptomatic, elevated total calcium; child of patient 996 

T 1984, NAD; sibling of patent 1000 

NT; sibling of patient 1000 

NT; sibling of patient 1000 

1970, right renal calculus; 1979, left renal calculus, retroperitoneal lipoma; 1981, 
follicular adenoma thyroic; T 1983, leiomyoma broad ligament, acute 
hypercalcemia, parathyroitectomy, elevated prolactin, CT erosion pituitary fossa; 
1987, US lesion pancreas 

T 1987, asymptomatic, NAD? 1988, NAD; 1989, borderline ionized calcium; child of 
patient 1000 

T 1989, NAD; child of patiert 1000 

T 1983, 1984, 1985, NAD; cild of patient 1000 

NT; sibling of patient 638 

NT, bilateral ureteric calculi; sibling of patient 638; mother of patient 1056 

T 1984, normal total calcium elevated parathyroid hormone, ionized calcium NT: 
sibling of patient 1056 

T 1987, asymptomatic, elevated total calcium, US two lesions in pancreas, bilateral 
renal calculus 

1968, renal calculus; 1970, normal total calcium, duodenal ulcer, vagotomy and 
pyloroplasty; 1973, duoder al ulcer, elevated gastrin, total gastrectomy; T 1984, 
elevated gastrin, elevated tctal calcium, parathyroidectomy; 1988, US lesions 
pancreas and left adrenal, | ver metastases; child of patient 1056 

1984, hypoglycemia, pancreatic surgery, normal total calcium; 1985, 1986, 
asymptomatic, normal total calcium; 1987, asymptomatic, normal total calcium, 
borderline ionized calcium; 1988, asymptomatic, normal total calcium, borderline 
ionized calcium; 1989, epigastric pain, normal total calcium, elevated ionized 
calcium; child of patient 1093 

T 1987, NAD; child of patient 1093 

NT; sibling of patient 1093 

T 1987, NAD; sibling of patiert 1093 

NT; sibling of patient 1056 

1987, shortness of breath; T 1©89, malignant carcinoid thymus, elevated total and 
ionized calcium, US lesions pancreas and right adrenal; sibling of patient 1056 

T 1989, asymptomatic, elevated ionized calcium, child of patient 1059 

T 1989, NAD; child of patient 1113 

NT; child of patient 1113 

1976, renal calculus; T 1985, esymptomatic, elevated total calcium; 1986, 
asymptomatic, US lesions pancreas and adrenal; child of patient 1059 

NT; child of patient 1059 

T 1989, NAD; child of patient 059 

T 1989, NAD; child of patient 059 

NT; sibling of patient 1056 

NT; sibling of patient 1056 

T 1988, NAD; sibling of patient 1056 

NT; sibling of patient 1056 

T 1984, 1989, NAD; sibling of patient 1056 

T 1989, NAD; sibling of patient 1056 

1982, epigastric pain, nausea; T 1983, elevated total calcium; 1985, 
parathyroidectomy; sibling of patient 1056 
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Genealogy 9* (cont) 





Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 


Date of 
Birth-Death 


Risk of Generation/ 


fo 


MEN-1 Patient No./Sex 
High 4/1156/M 
Moderate 4/1157/F 
High 4/1158/M 
50% 3/1066/F 
Very high 2/643/F 
Very high 3/11 66/F 
Very high 4/1182/F 
50% 5/1189/M 
High 5/1190/F 
High 5/1191/F 
50% 5/1192/M 
Very high 4/1183/M 
50% 5/1193/M 
50% 5/1194/M 
50% 5/1195/M 
50% 4/1184/F 
Very high 4/1185/F 
50% 5/1204/F 
50% 5/1205/M 
50% 4/118€/M 
High 4/1187/F 
50% 5/1209/M 
50% 5/1210/M 
50% 5/1211/F 
50% 5/1212/M 
50% 5/1213/M 
High 3/1167/F 
50% 3/1168/M 
50% 3/1169/M 
High 3/1180/M 
50% 4/1244/F 
High 4/1245/M 
50% 4/1246/M 
50% 4/1247/F 
50% 4/1243/M 
50% 4/1249/F 
High 4/1250/F 
50% 5/1270/M 
50% 5/1271/F 
High 4/1251/F 
50% 5/1272/F 
50% 4/1252/M 
50% 4/1253/M 
50% 4/1254/M 
50% 4/1255/F 
50% 4/1256/M 
50% 3/1170D/F 
Very high 3/1171/F 
Moderate 4/1273/F 
Very high 4/1274/M 
50% 5/1278/M 
50% 5/1279/F 
50% 5/1280/F 
50% 4/1275/F 
50% 4/1276/M 
50% 4/1277/F 
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1958 
1938 
1970 


1942 
1902-1952 
1919 


1939 


1960 
1962 
1966 


1971-1971 
1940 


1965 
1968 
1969 
1942-1977 
1944 


1968 
1969 
1945-1986 
1947 


1965 
1967 
1968 
1969 
1973 
1920 
1922 
1923 
1925-1980 
1958 
1958 
1960 
1961 
1963 
1965 
1967 
1982 
1984 
1968 
1985 
1969 
1970 
1972 
1974 
1976 
1926 
1928-1986 
1948 


1949 
1974 
1980 
1981 
1950 
1962 
1964 





T 1985, asymptomatic, elevated total calcium; child of patient 1065 

T 1989, asymptomatic, borderline calcium; child of patient 1065 

T 1984, elevated total calcium; 1986, normal total calcium; 1988, normal total 
calcium, elevated ionized calcium; child of patient 1065 

T 1983, NAD; sibling of patient 1056 

NT, had ‘Paget's disease’; mother of patient 1166; sibling of patient 638 

T 1983, epigastric pain, agitation, weight loss, elevated total calcium, elevated T4, 
elevated gastrin; 1984, subtotal thyroidectomy for T4 toxicosis and 
parathyroidectomy; 1986, US lesion pancreas 

1978, gastric ulcer; 1979, perforated DU, partial gastrectomy; T 1984, epigastric pain, 
normal total calcium, elevated gastrin, elevated prolactin; 1988, epigastric pain, 
normal total calcium, elevated ionized calcium; 1989, parathyroidectomy; child of 
patient 1166 

NT; child of patient 1182 

T 1984, gastric ulcer, elevated gastrin, normal total calcium; child of patient 1182 

T 1984; NAD; T 1989, normal total calcium, elevated ionized calcium; child of patient 
1182 

NT, neonatal death; child of patient 1182 

1975, renal calculus and nephrocalcinosis; 1978, duodenal ulcer; T 1983, elevated 
total calcium, elevated gastrin, CT adrenal lesions, diabetes; 1984, 
parathyroidectomy; child of patient 1166 

T 1984, 1989, NAD; child of patient 1183 

T 1984, NAD; child of patient 1183 

T 1984, NAD; child of patient 1183 

NT; child of patient 1166 

1967, carcinoid bronchus on routine roentgenogram; 1981, resection carcinoid 
bronchus; T 1983, asymptomatic, elevated total calcium; 1984, parathyroidectomy; 
1987, US lesions of pancreas; child of patient 1166 

T 1983, 1987, NAD; child of patient 1185 

T 1987, NAD; child of patient 1185 

NT; child of patient 1166 

1987, acute pancreatitis; T 1988, normal total and elevated ionized calcium, 
parathyroidectomy, diabetes; child of patient 1166 

T 1988, NAD; child of patient 1187 

NT; child of patient 1187 

NT; child of patient 1187 

NT; child of patient 1187 

NT; child of patient 1187 

T 1985, asymptomatic, elevated total calcium, US renal calculi; sibling of patient 1166 

T 1987, NAD; sibling of patient 1166 

NT; sibling of patient 1166 

NT; father of patient 1245; sibling of patient 1166 

T 1989, NAD; sibling of patient 1245 

T 1989, asymptomatic elevated ionized calcium, parathyroidectomy 

NT; sibling of patient 1245 

T 1989, NAD; sibling of patient 1245 

T 1989, NAD; sibling of patient 1245 

NT; sibling of patient 1245 

T 1989; asymptomatic, elevated ionized calcium; sibling of patient 1245 

NT; child of patient 1250 

NT; child of patient 1250 

T 1989, asymptomatic, elevated ionized calcium; sibling of patient 1245 

NT; child of patient 1251 

NT; sibling of patient 1245 

NT; sibling of patient 1245 

NT; sibling of patient 1245 

NT; sibling of patient 1245 

NT; sibling of patient 1245 

T 1983, 1985, NAD; sibling of patient 1166 

NT; mother of patient 1274; sibling of patient 1166 

T 1984, asymptomatic, NAD; 1989, borderline ionized calcium; sibling of patient 
1274 

T 1984, elevated total calcium, elevated prolactin 

NT; child of patient 1274 

NT; child of patient 1274 

NT; child of patient 1274 

NT; sibling of patient 1274 

NT; sibling of patient 1274 

T 1984, 1989, NAD; sibling of patient 1274 


(Continued on p 948.) 
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Risk of 
MEN-1 


Very high 
Very high 


Very high 


50% 


50% 
Very high 


50% 
Very high 


Very high 


50% 
50% 
Very high 


High 
Moderate 
50% 
High 
50% 
50% 
50% 
50% 
50% 
50% 
50% 
Very high 


50% 
High 


High 


50% 
50% 
Very high 


50% 
50% 
50% 
Very high 


50% 
50% 
50% 
50% 
50% 
High 


50% 
50% 
High 
High 
50% 
50% 
50% 
50% 
High 
High 


Generation/ 
Patient No./Sex 


3/1172/M 
4/1289/M 


5/1310/F 


2/1314/F 


2/1315/M 
5/1311/M 


5/1312/M 
4/1290/F 


5/1307/F 


5/1308/M 
5/1309/F 
4/1291/F 


5/1297/M 
5/1298/F 
5/1299/M 
4/1293/F 
5/1296/M 
5/2240/F 
5/2241/M 
4/1292/F 
4/1294/F 
4/1295/F 
3/1173/F 
3/1174/M 


4/1340/M 
4/1341/M 


5/1351/M 


5/1352/F 
5/1353/M 
4/1342/F 


5/1354/M 
5/1355/M 
5/1356/F 
4/1343/F 


5/1358/M 
5/1359/F 
5/1360/M 
4/1344/F 
4/1345/F 
4/1346/M 


4/1347/F 
4/1348/F 
3/732/F 
4/7 28/F 
5/718/M 
5/2260/F 
5/530/F 
4/723/F 
4/719/F 
3/1175/F 






1968 


1987 


1988 
1971 


1974 
1951 


1967 


1968 
1978 
1952 


1970 
1973 
1976 
1953 
1975 
1977 
1987 
1955 
1957 
1959 
1931 
1933 


1955 
1956 


1977 


1978 
1984 
1958 


1980 
1982 
1985 
1959 


1977 
1981 
1983 
1960 
1962 
1963 


1964 
1967 
1934 
1965 
1982 
1985 
1987 
1966 
1972 
1936 
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Date of 
Birth-Death 


1929-1973 
1949-1982 


Genealogy 9* (conf) 





Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 


NT, malignant carcinoid of thymus; sibling of patient 1166; father of patient 1289 
1982, acute epigastric pain and nausea, highly elevated calcium, parathyroidectomy, 
liver metastases; possible primary adrenal neoplasm, NT for gastrin or prolactin 
T 1982, 1984, 1985, NAD; 1986, epigastric pain, nausea, normal total calcium, 
elevated ionized calcium, darathyroidectomy; 1986, US lesion pancreas; child of 
patient 1289 
T 1987, elevated calcium on day of birth probably from mother’s 
postparathyroidectomy hypocalcemia; child of patient 1310 
NT; child of patient 1310 
1981, fits; T 1983, elevated prolactin, CT pituitary lesion, surgery pituitary; 1985, 
hypoglycemia, surgery pancreas; 1987, normal total calcium, elevated ionized 
calcium; child of patient 1289 
T 1983, 1987, 1988, NAD; oild of patient 1289 
T 1989, elevated ionized calcium, normal total calcium; sibling of patient 1289; 
mother of patient 1307 
T 1988, chest infection, carcinoid bronchus, surgical excision, elevated total calcium, 
normal prolactin, CT pituitary adenoma, parathyroidectomy 
NT; sibling of patient 1307 
T 1989, NAD; sibling of patient 1307 
T 1984, asymptomatic, elevated total calcium, normal gastrin, parathyroidectomy; 
1989, epigastric pain, normal gastrin, biopsy of gastrinoma seen in duodenum at 
endoscopy; sibling of patient 1289 
T 1988, painful breasts, elevated prolactin, CT pituitary, NAD; child of patient 1291 
T 1989, borderline ionized cdcium; child of patient 1291 
T 1987, 1988, NAD; child of datient 1291 
T 1989, asymptomatic, elevated ionized calcium; sibling of patient 1289 
NT; child of patient 1293 
NT; child of patient 1293 
NT; child of patient 1293 
T 1984, 1987, 1989, NAD; sibling of patient 1289 
NT; sibling of patient 1289 
NT; sibling of patient 1289 
T 1984, NAD; sibling of patient 1166 
T 1988, epigastric pain and diarrhea; T 1989, normal total calcium, elevated ionized 
calcium, elevated gastrin, US lesion pancreas, parathyroidectomy; sibling of patient 
1166 
NT; child of patient 1174 
T 1987, asymptomatic, borderline ionized calcium; 1989, asymptomatic, borderline 
ionized calcium; child of petient 1174; father of patient 1351 
T 1989, obesity, gynecomastia RIF pain, elevated total and ionized calcium, normal 
prolactin 
T 1989, NAD; sibling of patiemt 1351 
NT; sibling of patient 1351 
1978, hypoglycemic episodes 1979, surgery pancreas, normal total calcium: T 1987 
elevated ionized calcium, parathyroidectomy; child of patient 1174 
NT; child of patient 1342 
T 1989; child of patient 1342 
NT; child of patient 1342 
T 1989, asymptomatic, elevated ionized calcium, normal total calcium, US adenoma 
pancreas, parathyroidectomy; child of patient 1174 
NT; child of patient 1343 
NT; child of patient 1343 
NT; child of patient 1343 
T 1988, NAD; child of patient 1174 
NT; child of patient 1174 
T 1987, muscle weakness, normal total calcium, elevated ionized calcium, 
parathyroidectomy; child of patient 1174 
NT; child of patient 1174 
NT; child of patient 1174 
NT; sibling of patient 1174; mether of patient 728 
T 1989, elevated total calcium 
NT; child of patient 728 
NT; child of patient 728 
NT; child of patient 728 
NT; sibling of patient 728 
T 1989, US adenoma adrenal; sibling of patient 728 
T 1987, epigastric pain, elevated total and ionized calcium, elevated gastrin; 1988, 
normal total calcium, elevated ionized calcium, parathyroidectomy; sibling of 
patient 1174 
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CEES re 


Riskof 


MEN-1 


50% 
50% 
50% 
50% 
50% 
50% 
High 


50% 
High 
50% 
50% 
50% 
50% 
Moderate 
Very high 


High 


50% 
High 
Very high 


50% 
High 


50% 
50% 
50% 
High 
50% 
High 
High 


High 


50% 
50% 
50% 
50% 
High 


High 


50% 
50% 
50% 
50% 
50% 
50% 
Very high 


Very high 


50% 
50% 
50% 
High 
50% 
50% 
Very high 


Very high 


Generation/ 
Patient No./Sex 


4/1369/F 
4/1370/M 
4/1371/M 
4/1372/F 
4/1348/F 
4/1485/M 
3/1 176/M 


4/1381/F 
4/1382/F 
5/1386/F 
5/1387/F 
5/1388/M 
4/1383/M 
4/1384/F 
3/1177/F 


4/1392/M 


5/1396/F 
4/1393/M 
4/1395/F 


5/1397/M 
4/1 394/M 


3/1178/M 
3/1179/F 
2/644/M 
2/645/F 
3/1481/M 
3/1482/M 
4/1483/M 


4/1 484/F 


5/1493/F 
5/1496/M 
5/1494/F 
5/1485/F 
4/1486/M 


4/1467/M 


5/1499/F 
5/1 500/F 
4/1 488/F 
4/1 489/F 
4/1 490/F 
4/1491/M 
4/1 492/F 


2/646/M 


3/1545/M 
3/1546/M 
3/1547/M 
3/1548/M 


4/1 562/F 
4/1 564/M 
3/1549/M 


4/1 565/F 


Date of 
Birth-Death 


1956 
1957 
1958 
1961 
1967 
1952 
1939 


1960 
1963 
1981 
1983 
1988 
1964 
1989 
1941-1989 


1961 


1983 
1962 
1965 


1984 
1968 


1943-1979 
1945 
1903-1975 
1904-1946 
1924-1988 
1926 
1950 


1951 


1969 
1974 
1977 
1979 
1953 


1956-1985 


1981 
1983 
1957 
1960 
1961 
1963 
1967 


1905 


1926 
1928-1987 
1929-1938 
1931 


1973 
1982 
1932 


1959 


Genealogy 9* (cont) 


Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 


T 1983, 1985, 1987, 1988, NAD; child of patient 1175 

T 1987, NAD; child of patient 1175 

NT; child of patient 1175 

NT; child of patient 1175 

NT; child of patient 1174 

NT; sibling of patient 1487 

T 1987, asymptomatic, elevated prolactin, borderline ionized calcium; sibling of 
patient 1174 

T 1983, 1988, 1989, NAD; child of patient 1176 

T 1984, elevated gastrin; child of patient 1176 

NT; child of patient 1382 

NT; child of patient 1382 

NT; child of patient 1382 

T 1989, NAD; child of patient 1175 

T 1989, borderline ionized calcium; child of patient 1176 

1962, peptic ulcer; T 1983, elevated total calcium, elevated gastrin; 1984, 
parathyroidectomy; sibling of patient 1174 

T 1984, peptic ulcer, normal total calcium, elevated gastrin; 1987, normal total 
calcium, elevated ionized calcium; 1988, normal total calcium, elevated ionized 
calcium; 1989, elevated total and ionized calcium, parathyroidectomy; child of 
patient 1177 

NT; child of patient 1392 

T 1983, asymptomatic, elevated prolactin, normal calcium; child of patient 1177 

T 1984, hypertension, elevated total calcium, US nephrocalcinosis and adenoma 
pancreas; 1986, parathyroidectomy; 1989, symptoms hypoglycemia, surgery 
pancreas; child of patient 1177 

NT; child of patient 1395 

T 1987, hypertension, normal total calcium, elevated ionized calcium, 
parathyroidectomy 

NT; sibling of patient 1166 

NT; sibling of patient 1166 

NT; sibling of patient 638 

NT, carcinoma adrenal; sibling of patient 638; mother of patient 1482 

NT; child of patient 645 

NT; child of patient 645; father of patient 1487 

1987, asymptomatic, elevated total calcium, NT for ionized calcium, gastrin, prolactin; 
sibling of patient 1487 

1988, asymptomatic, elevated total calcium, NT for ionized calcium, gastrin, prolactin; 
sibling of patient 1487 

NT; child of patient 1484 

NT; child of patient 1484 

NT; child of patient 1484 

NT; child of patient 1484 

1989, asymptomatic, normal total calcium, elevated ionized calcium; sibling of patient 
1487 

1982, duodenal ulcer; 1984, elevated gastrin, normal total calcium, NT for ionized 
calcium or prolactin 

NT; child of patient 1487 

NT; child of patient 1487 

NT; sibling of patient 1487 

NT; sibling of patient 1487 

T 1989, NAD; sibling of patient 1487 

NT; sibling of patient 1487 

1989, epigastric pain, elevated total and ionized calcium, elevated gastrin, 
parathyroidectomy; sibling of patient 1487 

T 1984, 1985, NAD; 1987, normal total calcium, elevated ionized calcium; sibling of 
patient 638; father of patient 1551 

NT; sibling of patient 1551 

T 1984, NAD; sibling of patient 1551 

NT; sibling of patient 1551 

1950, fits, diagnosed as epilepsy; 1961, fits, recognised as hypoglycemia, surgery 
pancreas, NT calcium, gastrin, prolactin 

NT; child of patient 1548 

NT; child of patient 1548 

1985, asymptomatic, elevated total calcium, NT ionized calcium, gastrin, prolactin; 
sibling of patient 1551; father of patient 1565 

1978, amenorrhea; T 1983, elevated total calcium, elevated gastrin, elevated prolactin, 
CT expanding pituitary tumor 





(Continued on p 950.) 
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te TE VPS e = ir 7 sy e wn te Trae = 
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hirer T A "TT 
ad ‘ + 
ae 


Risk of 

MEN-1 
High 
50% 
50% 
50% 
High 
50% 
Very high 


Very high 


50% 
50% 
50% 
50% 
50% 
Very high 


50% 
Very high 
50% 
50% 
Moderate 
Moderate 
Moderate 
Moderate 
High 
50% 
High 


50% 
50% 
High 


50% 
50% 
50% 
50% 
50% 
50% 
50% 
50% 
50% 
50% 
High 
50% 
High 
50% 
50% 
50% 


Generation/ 
Patient No./Sex 


4/1566/F 
5/1569/F 
5/1570/M 
5/1571/F 
4/1567/F 
3/1550/M 
3/1551/F 


4/1576/M 


5/1708/M 
5/1787/F 
4/1574/F 
4/1575/F 
3/1552/F 
3/1553/M 


4/1580/M 
4/1581/M 
2/649/M 
2/1584/M 
3/1585/F 
4/1625/M 
4/1627/F 
3/1591/F 
2/652/M 
3/1645/F 
3/1646/F 


4/1654/M 
4/1655/M 
4/1656/F 


4/1657/F 
4/1658/M 
4/1659/M 
4/1660/F 
4/1661/F 
3/1649/F 
3/1650/M 
2/654/M 
2/655/M 
2/656/M 
2/657/M 
3/1682/M 
3/1683/F 
4/1685/M 
2/658/F 
2/659/F 


Date of 


Birth-Death 


1963 
1980 
1983 
1989 
1971 
1934 


1937-1988 


1959 


1984 
1986 
1965 
1968 
1940 
194] 


1965 
1968 
1908-1977 
1930-1987 
1932 
1959 
1971 
1952 
1916-1979 
1936 
1937 


1956 
1956 
1959-1969 


1960 
1962 
1964 
1965 
1971 
1947 
1951 
1919-1975 
1927 
1925 
1928 
1969 
1952 
1971 
1930 
1933 
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Genealogy 9* (cont) 


Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 


T 1988, elevated total and ienized calcium; sibling of patient 1565 

NT; child of patient 1566 

NT; child of patient 1566 

NT; child of patient 1566 

T 1985, elevated total calcium; sibling of patient 1565 

T 1989, NAD; sibling of patient 1551 

T 1983, asymptomatic, elevated gastrin; 1984, asymptomatic, US liver metastases; 
1987, elevated prolactin, CT erosion pituitary fossa 

T 1985, asymptomatic, elevated total calcium; 1986, US NAD; 1987, 
parathyroidectomy; 1988, US lesion pancreas; child of patient 1551 

NT; child of patient 1576 

NT; child of patient 1576 

T 1985, 1986, 1988, NAD; child of patient 1551 

T 1985, 1986, 1988, NAD; child of patient 1551 

1985, NAD; sibling of patient 1551 

1976, peptic ulcer; T 1983, elevated total calcium, elevated gastrin; 1984, 
parathyroidectomy; 1986, US adrenal adenoma; sibling of patient 1551 

T 1984, 1985, 1986, 1987, 1989, NAD; child of patient 1553 

T 1984, elevated total calcium, elevated prolactin; child of patient 1553 

Sibling of patient 638 

T 1984, 1985, NAD; child of patient 649 

T 1987, borderline ionized calcium; child of patient 649 

T 1989, borderline ionized calcium; child of patient 1584 

T 1988, elevated total calcium, borderline ionized calcium; child of patient 1585 

T 1989, elevated total calcium, borderline ionized calcium; child of patient 649 

NT; sibling of patient 638; father of patient 1646 

NT; sibling of patient 1646 

T 1984, nausea, loss of weight, duodenal ulcer, elevated total calcium, normal gastrin, 
parathyroidectomy 

NT; child of patient 1646 

NT; child of patient 1646 

1969, visual field defects, pituitary fossa on roentgenogram, expanding lesion, surgery 
of the pituitary, NT calcium, gastrin, prolactin; child of patient 1646 

T 1989, NAD; child of patieat 1646 

NT; child of patient 1646 

T 1989, NAD; child of patiemt 1646 

T 1987, NAD; child of patiemt 1646 

T 1987, NAD; child of patiemt 1646 

NT; sibling of patient 1646 

NT; sibling of patient 1646 

NT; sibling of patient 638 

NT; sibling of patient 638 

NT; sibling of patient 638 

NT; father of patient 1683 

NT; sibling of patient 1683 

T 1984, elevated total calcium 

T 1984, NAD; child of patiemt 1683 

NT; sibling of patient 638 

NT; sibling of patient 638 





*“MEN-1 indicates multiple endocrine neoplasia type 1; NT, not tested; T, tested; NAD, nothing abnormal detected; US, ultrasound; CT, computed 
tomography; and DU, duodenal ulcer. 
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Risk of 
MEN-1 
High 
High 
50% 
50% 
High 
High 
50% 
50% 
High 
50% 
High 


50% 
50% 
50% 
50% 
50% 
50% 
Moderate 
50% 
50% 
High 
50% 
50% 
50% 


Very high 
High 


Very high 
50% 
Very high 


50% 
Very high 


High 
Very high 
50% 
50% 
High 
50% 
50% 
50% 
50% 
Very high 


50% 
50% 
Very high 


50% 
50% 
High 


50% 


50% 
50% 


Generation/ 
Patient No./Sex 


1/10/F 
2/1821/F 
3/1857/F 
3/1858/F 
3/1859/M 
3/1860/F 
4/1687/M 
4/1889/F 
4/1890/F 
5/1901/M 
5/1902/F 


2/443/F 
2/440/F 
5/1903/F 
4:1886/M 
4/1888/M 
4/1891/M 
4/1893/M 
3/1863/M 
2/1822/F 
2/1823/M 
2/1824/F 
2/1825/M 
2/1826/F 


Generation/ 
Patient No/Sex 


1/12/F 
2/1691/F 


2/1692/F 
3/1710/F 
3/1711/F 


4/1717/M 
4/1718/M 


4/1719/M 
4/1720/M 
4/1721/F 
4/1722/M 
3/1712/M 
4/1723/M 
4/1724/F 
4/1725/M 
3/1713/F 
3/1714/F 


4/1728/M 
4/1729/F 
3/1715/F 


4/1730/M 
4/1731/M 
3/1716/F 


4/1733/M 
4/1732/F 
2/1697/M 
2/1698/F 
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Date of 


Birth-Death 


1875-1920 
1895-1950 
1912 
1914-1932 
1917-1966 
1919 
1937 
1939 
1942 
1960 
1962 


1986 
1986 
1967 
1944 
1946 
1953 
1962 
1926-1978 
1906-1986 
1898-1966 
1900-1980 
1904 
1904-1949 


Date of 
Birth-Death 


1882-1936 
1907-1985 


1908-1979 
1927 
1929 


1949 
1958-1989 


1960 
1957-1989 
? 


? 
1932 
1958 
1961 
1962 
1935 
1938 


1968 
1972 
1944 


1973 
1978 
1946 


1968 
1971 
1917 
1919 








NT; mother of patient 1821 
NT; mother of patient 1859 


T 1987, NAD; sibling of patient 1859 


NT; sibling of patient 1859 


1946, pituitary tumor, surgery; 1966, death from pituitary tumor 


NT; mother of patient 1890 
NT; child of patient 1860 


T 1986, NAD; child of patient 1860 

T 1987, asymptomatic, borderline ionized calcium; mother of patient 1902 
T 1986, NAD; sibling of patient 1902 

1979, amenorrhea and visual field defect; T 1985, elevated prolactin, CT 


pituitary adenoma 
NT; child of patient 1902 
NT; child of patient 1902 


T 1986, NAD; sibling of patient 1902 
T 1987, NAD; sibling of patient 1890 
T 1988, NAD; sibling of patient 1890 
T 1987, NAD; sibling of patient 1890 
T 1987; borderline ionized calcium; sibling of patient 1859 


NT; sibling of patient 1859 
NT; sibling of patient 1821 


NT, malignant tumor of thymus; sibling of patient 1821 


NT; sibling of patient 1821 
NT; sibling of patient 1821 
NT; sibling of patient 1821 


Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 







































*MEN-1 indicates multiple endocrine neoplasia type 1; NT, not tested; NAD, nothing abnormal detected; T, tested; and CT, computed tomography. 


Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 


NT; mother of patient 1692 


Sibling of 1692; 1978, elevated total calcium, NT gastrin or prolactin, gastric 


ulcer 


1951, duodenal ulcer; 1979, elevated gastrin; mother of patient 1711 


NT; child of patient 1692 


1976, duodenal ulcer, nephrocalcinosis, elevated gastrin, elevated calcium, 
parathyroidectomy; 1984, diabetes 


NT; child of patient 1711 


1984, asymptomatic, elevated total calcium; 1988, anorexia, loss of weight, 
elevated glucagon, CT lesion of pancreas, liver metastases 

1972, renal calculus; 1979, elevated total calcium, parathyroidectomy 

1984, DU elevated gastrin, elevated total calcium, parathyroidectomy 


NT; child of patient 1711 
NT; child of patient 1711 


1985, renal calculus, elevated total calcium 


NT; child of patient 1712 
NT; child of patient 1712 
NT; child of patient 1712 


1985, 1986, 1987, 1989, NAD; sibling of patient 1711 

1984, epigastric pain, elevated gastrin, normal total calcium; 1987, normal 
total calcium, borderline ionized calcium; 1989, normal total calcium, 
elevated ionized calcium; sibling of patient 1711 


NT; child of patient 1714 
NT; child of patient 1714 


T 1985, epigastric pain, elevated total calcium, elevated gastrin, 
parathyroidectomy; 1987, intractable esophageal ulceration, 
esophagogastrectomy, excision gastrinoma of pancreas and metastatic node 


NT; child of patient 1715 
NT; child of patient 1715 


1985, 1986, NAD; 1988, normal total calcium, elevated ionized calcium; 
1989, elevated total and ionized calcium 


NT; child of patient 1716 
NT; child of patient 1716 
NT; sibling of patient 1692 
NT; sibling of patient 1692 





*MEN-1 indicates multiple endocrine neoplasia type 1; NT, not tested; CT, computed tomography; DU, duodenal ulcer; NAD, nothing abnormal 
detected; and T, tested. 
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Date of 
Birth-Death 


1920-1982 


Generation/ 
Patient No/Sex 


Very high 1/1/F 


Date of First Symptoms, First Screening, 
and Basis of Estimate of Risk 


1979, glucagonoma pancreas, NT calcium or prolactin; mother of patients 


34, 3,6; 7 


High 2/2/F — 1938 


1988, duodenal ulcer, elevated ionized calcium, normal total calcium, 


normal gastrin; 1989, elevated ionized and total calcium; 1989, 
parathyroidectamy 


50% 3/9/M 1960 
High 3/10/F 1962 


NT; child of patiemt 2 
T 1988, asymptomatic, elevated ionized caicium, normal total calcium; 


child of patient 2 


50% 4/484/F 1982 
50% 3/11/F 1967-1971 
Very high 2/3/M 1960 


NT; child of patiemt 10 
NT; sibling of patient 10 
1977, insulinoma; 1983, elevated total calcium; T 1988, elevated ionized 


and total calcium, malignant carcinoid of thymus, parathyroidectomy 


50% 3/12/F 1964 
Very high 3/13/F 1966 


T 1988, asymptomatic, NAD; child of patient 3 
1987, amenorrhea and obesity; T 1988, elevated ionized and total calcium, 


US lesions of pancreas and adrenal; 1989, excision of pancreatic 
adenoma; child of patient 3 


50% 3/14/M 1976 
Very high 2/5/M 1942 


T 1988, asymptomatic, NAD; child of patient 3 
T 1988, bone pair and weight loss; elevated ionized and total calcium, US 


lesion pancreas, malignant carcinoid thymus, parathyroidectomy 


High 3/17/F 1969 


T 1989, asymptomatic, elevated ionized calcium, normal total calcium; 


child of patient 5 


Moderate 3/18/M 1972 
Moderate 3/19/F 1974 
Very high 2/6/F 1943 


T 1988, asymptomatic, borderline ionized calcium, child of patient 5 
T 1988, asymptomatic, borderline ionized calcium, child of patient 5 
T 1989, epigastric pain and flushing, elevated ionized and total calcium, 


elevated gastrin, parathyroidectomy 


3/20/M 1961 


T 1989, epigastric pain, elevated ionized and total calcium, US lesion of 


pancreas, parathyroidectomy 


3/31/M 1962 
3/22/F 1964 
3/23/F 1966 
3/24/F 1972 
2/4/M 1947 


T 1989, asymptomatic, NAD 
T 1989, asymptomatic, NAD 
T 1989, asymptomatic, NAD 
T 1989, asymptomatic, NAD 
T 1988, asymptomatic, elevated ionized and total calcium, 


parathyroidectomy 


3/15/M 1965 
3/16/M 1966 


T 1989, asymptomatic, elevated ionized and total calcium 
T 1989, asymptomatic, NAD 





*MEN-1 indicates multiple endocrine neoplasia type 1; NT, not tested; NAD, nothimg abnormal detected; T, tested; and US, ultrasound. 
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Special Article 


The Value of Surgical History 


Ira M. Rutkow, MD, MPH, DrPH 


è it remains a rhetorical question whether or not an un- 
derstanding of surgical history is important to the maturation 
and continued education of a surgeon. Conversely, it is 
hardly necessary to dwell on the heuristic value that an ap- 
preciation of history provides in developing adjunctive hu- 
manistic, literary, and philosophic tastes. Unfortunately, 
modern medical historians usually hold nonmedical degrees 
and basically restrict themselves to research concerning 
medical or public health aspects of social history. Clinical 
surgical history is increasingly avoided because the profes- 
sional medical historian has no clinical background. How- 
ever, practicing surgeans, who can serve as amateur medical 
historians, have knowledge and experience that place them 
in a unique position to assess historic facts and direct surgical 
historic inquiry. It is my belief that if medicine were taught 
with a greater emphasis on the historic approach, our coun- 
try’s physicians would be better prepared to cope with the 
health care problems of the future. By increasing the number 
of surgeons, who, as am avocation, research and write about 
surgical history, our ability to provide better surgical care 
in our nation’s coming years will be enhanced. 
(Arch Surg. 1991;126:953-956) 


į t remains a rhetorical question whether or not the study 

and understanding of surgical history is important to 
the maturation and continued education of a surgeon. 
Conversely, itis hardly necessary to dwell on the heuristic 
value that an appreciation of history provides in devel- 
oping adjunctive humanistic, literary, and philosophic 
tastes. Why then has the study, research, and writing of 
surgical history been removed from the mainstream of 
modern surgical education and become an area that few 
surgeons pursue? 

Clearly, medicine is a lifelong learning process that 
should be an enjoyable and rewarding experience. I would 
argue that, fora surgeon, the study of surgical history will 
greatly contribute toward making this learning process 
more pleasurable and provide constant invigoration. To 
trace the evolution of what one does on a daily basis and 
to understand it from a historic perspective is an enviable 
goal. In reality, there is no way to separate present-day 
surgery and one’s own practice from the experiences of all 
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the surgeons and all the years that have gone before. 

We surgeons should be assured that these ideas are rel- 
evant not only to our own craft but to all fields of academic 
and nonacademic achievement. Be it the arts, the human- 
ities, or the sciences, senior individuals bemoan the fact 
that only the old are interested in learning from history 
because the young do not perceive it as our most reliable 
guide to the future. 

For the budding surgeon, it is a magnificent adventure 
to appreciate what he or she is currently learning within 
the context of past and present social, cultural, and eco- 
nomic institutions. The active but often bored practitioner 
will find that the study of the profession, dealing, as it 
rightly must, with all aspects of human culture, affords an 
excellent outlet for appreciating previous ideas and con- 
cepts. Most importantly, it provides an easy escape from 
the mental stagnation, ennui, and enervation that are the 
consequence of today’s drive toward ever-increasing spe- 
cialization and parochialness of the professional thought 
process. 

Perhaps it is the all too apparent consequence of the 
“me” or “now” generation that intellectualism, human- 
ism, and historic scholarly achievement do not appear to 
be an integral part of either the medical school curriculum 
or medicine in general. No one would claim that it is an 
easy task to gain acquaintance with the many social and 
economic conditions along with a multitude of varying 
personalities who have influenced the growth of present- 
day medicine. However, as Owen H. Wangensteen 
stated: 

to emphasize the current scene to the exclusion of the nature 
and sequences in the development of our medical disciplines is 
a serious mistake. 1 

When I last attended a meeting of this country’s premier 
medical history society, the American Association for the 
History of Medicine, I was appalled at the apparent lack 
of interest in the organization and its subject area on the 
part of the clinician. True, a scattering of individuals with 
medical degrees were present, but typically they were not 
active practitioners. It was apparent that this association, 
which had been founded and once dominated by physi- 
cians, had become a haven for the individual with a doc- 
torate in medical or social history. 

Even more distressing is to peruse the association’s re- 
nowned Bulletin of the History of Medicine and the profes- 
sional backgrounds of the numerous authors who have 
written articles throughout the last 40 years. Examination 
of their academic degrees for 1949-1950, 1959-1960, 1969- 
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1970, 1979-1980, and 1989-1990 revealed that the percent- 
ages of contributions from physicians were 40%, 38%, 
33%, 24%, and 0%, respectively. This most prestigious of 
American medical history journals is essentially devoid of 
articles written by the clinical physician or surgeon. The 
articles have become little more then esoteric works by the 
nonphysician professional historian. 

This lack of physician interest is further evidenced by 
the demise of medical history societies in major cities 
throughout the United States. State, county, and local 
medical organizations once held seminars or plenary ses- 
sions devoted to historical topics, but those are now re- 
membrances of things past. Where are the present-day 
Interurban and Charaka Clubs and the wonderful contri- 
butions made by busy clinicians? Unfortunately, the In- 
terurban is defunct and the Charaka is a mere shadow of 
its former self. 

The Annals of Medical History, arguably the most well- 
known of any modern journal devoted to medical history, 
flourished from the turn of this century through the early 
1940s. It was founded by physicians and always main- 
tained the reputation of being a clinician’s journal. Its de- 
mise is symptomatic of the current consideration by the 
professional historian of the history of medicine as an as- 
pect of cultural history. Many recent medical history pub- 
lications tend to restrict themselves to medical or public 
health aspects of social history. Clinical medicine and sur- 
gery are no longer investigated because the modern med- 
ical historian rarely has a medical degree. Consequently, 
medical history has become social history without med- 
icine. 

What this all sadly points out is the small number of 
American surgeons who are engaged in the research and 
writing of serious, professional surgical history. Although 
the amateur surgical historian is probably alive and well, 
his or her attempts at historical scholarship unfortunately 
pale in comparison with those of the individual with a 
doctorate, yet surgeons have knowledge and experience 
that places them in a unique position to assess historical 
facts and direct surgical historical inquiry. To study the 
history of our art and craft is fun, illuminating, humbling, 
and enormously useful. This is most evidenced by the 
“who's who” of past American surgeons who actively re- 
searched and wrote lengthy treatises about their profes- 
sion’s history.**° 

Among the most disturbing developments regarding 
medical history is the unavoidable fact that the general 
history of surgery in our country remains poorly served 
by present-day historians. It seems as if the ingenuity and 
boldness with which early American surgeons ap- 
proached seemingly unsolvable surgical problems is a stir- 
ring, but largely unrecognized, chapter in medical history. 

This became most evident during my general surgical 
training when I became fascinated by the many stories the 
attending surgeons told about their past brethren. How- 
ever, it always seemed odd that few of the vignettes con- 
cerned 18th- or 19th-century American surgeons. It was 
as if my mentors were ignorant of their own country’s 
surgical past. 

As my historical interests increased, I began doing re- 
search into American surgical history. I became ac- 
quainted with a body of literature that was surprising in 
its originality and crudely eloquent in style. Unfortu- 
nately, my initial historical forays were hindered by the 


954 Arch Surg—Vol 126, August 1991 


fact that few collective histories of American surgery had 
ever been written. 

It was evident to me that a core collection of references 
relating to the history of American surgery needed to be 
established. These would then aid the historical scholar in 
becoming familiar with three specific areas: textbooks, 
monographs, and treatises relating to the surgical sci- 
ences; journal articles written by surgeons; and biograph- 
ical information about surgeons of the past.***! This goal 
was the principal reason for my writing the multivolume 
book, The History of Surgery in the United States, 1775- 
1900.77 

In addition to the aforementioned information, an ex- 
tensive collection of more than 200 concise biographies of 
American surgeons can be found in the multivolume Dic- 
tionary of American Biography.** From 1922 through 1939 the 
monthly journal Surgery, Gynecology, and Obstetrics pre- 
sented a series entitled “Master Surgeons of America.” 
During those years, more than 150 biographies were pub- 
lished. Finally, there are numerous booklength autobiog- 
raphies and biographies of 18th and 19th century Amer- 
ican surgeons that are of considerable interest. With this 
core of primary and secondary knowledge, which is easily 
found in any number of university medical libraries and 
other institutions (eg, the New York (NY) Academy of 
Medicine; the Library of the College of Physicians of Phil- 
adelphia, Pa; and the National Library of Medicine, Be- 
thesda, Md), it becomes possible to write meaningful sur- 
gical history. 

Having outlined the large amount of primary and sec- 
ondary source material that is available on American sur- 
gical history, I would like to ask why the study of surgical 
history has assumed such a minor role in modern Amer- 
ican medicine? More to the point, how can it be rectified? 

The blame must rest squarely with all of us in the world 
of surgery. There appears to be a general disdain for any 
attempt at historical intellectualism within the current 
body of surgery and surgical education. Undoubtedly, 
specific individuals remain committed to teaching and im- 
buing within their students the importance ofunderstand- 
ing the past. However, the passing comment that studying 
surgical history is, at best, a waste of time is too often 
heard. 

What the nay sayers forget is that the lives of all who 
engage in the thrill of discovering new historical facts are 
forever enriched. The zeal for such new knowledge clears 
the mind, intensifies motivation, sharpens the pen, and 
raises the sights of the discoverer to the distant past. To 
dwell on medical history is an invitation to learn. It is an 
invitation no surgeon should resist. 

As our appreciation of scholarly historical research ma- 
tures, it becomes evident that it is no longer sufficient to 
merely list outstanding surgeons and their technical con- 
tributions or to focus solely on the great operations. The 
study of surgical history is a living and breathing science 
that demands the same amount of academic discipline and 
respect as any clinical field. 

Editors and editorial boards of surgical journals must be 
more vigilant in their review of historical manuscripts. It 
is not enough to be a well-known expert in the field of 
gastric surgery to be able to intelligently comment on the 
history of gastric surgery in late 19th-century Vienna. 
When historical manuscripts are submitted to academic 
journals they must be judged with the same rigorous stan- 
dards as any scientific contribution. If there is no evidence 
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that true scholarly werk has taken place, the manuscript 
should be rejected unless it is specifically stated to be a 
~ historical review. Theciting of strictly standard texts rather 
than newly discovered documents is not historical in- 
quiry. To publish a historical article that merely regurgi- 
tates already known facts, under the guise of academic 
research, does an injustice to the entire editorial process. 
Historical research presented in surgical journals should 
never be allowed to become a bastion of intellectual dis- 
honesty. 

If we surgeons expect to be looked on as more than mere 
technicians, then we must begin to relearn the value of our 
past. We have a distinguished heritage but it is in danger 
of being entirely forgotten. The clinical surgeon must re- 
kindle his or her interest in our profession’s past in a way 
that engages the mind of the young student. Scholarly 
historical research must begin anew. The use of primary 
sources needs to be emphasized. Most importantly, sur- 
gical history must once again become an interesting and 
vital field of learning. 

The study of surgical history has long been an estab- 
lished academic discipline. However, for various reasons, 
it is presently not an accepted research priority within the 
academic surgical community. I hope that we will try to 
correct this current imbalance. Surgical chairpersons 
should begin to direct selected residents into formal ed- 
ucation areas in medical history. It would be wonderful to 
see the beginnings of a small cadre of fully trained sur- 
geons who also have formal academic degrees in the his- 
torical sciences. As Francis D. Moore stated™: 

The purpose of the teacher, the curriculum committee, or the 
professor on a hospital service should be to introduce history 
whenever possible. . . . It is often omitted in bedside rounds or 
amphitheater sessions because of the pressure of time and the 
urgency of clinical problems. Leadership can come only from 
those who, either as yeung instructors or as senior professors, 
take every opportunity to interest their pupils and residents in 
history and to encourage research and writing in this field. 

Every surgical journal should have a section devoted to 
history. At least one article per issue should introduce 
and/or renew our acquaintance with the distinguished 
heritage we have received from our forefathers. This sec- 
tion needs to be coordinated by an individual, serving on 
the editorial board, who has the professional background 
and knowledge to understand the vagaries and convolu- 
tions of historical research. 

To further encourage our appreciation of the surgical 
past, I recommend that surgical training programs insti- 
tute a day-long symposium on the history of medicine. 
These annual events would help focus resident staffs and 
teaching faculties on the importance of understanding and 
appreciating our professional forebears. 

Finally, it is a propitious time for surgeons to organize 
a national association dedicated to studying and more 
completely understanding our professional past. Without 
some type of unifying surgical history society to focus our 
efforts and provide educational guidance, the present 
piecemeal approach will have little effect. 

I firmly believe that if medicine were taught with a 
greater emphasis on the historical approach, our country’s 
physicians would bebetter prepared to cope with the med- 
ical problems of the future. By specifically stimulating the 
study of American surgical history, we will be able to pro- 
vide better surgical care in our country’s coming years. 
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Results of Surgical Therapy for Biliary Dyskinesia 


Dwijen C. Misra, Jr, MD; Geoffrey B. Blossom, MD; Darlene Fink-Bennett, MD; John L. Glover, MD 


e One hundred eighty-seven patients who presented with 
symptoms consistent with biliary colic but had no ultrasonic 
evidence of cholelithiasis were observed in an effort to iden- 
tify those with a functional gallbladder disorder that might 
benefit from surgical intervention. All patients underwent 
quantitative evaluation of gallbladder emptying using chole- 
cystokinin biliary scanning, and ejection fractions less than 
35% were considered abnormal. One hundred twenty-nine 
patients (69%) had abnormal ejection fractions, and 88 
(68%) of these subsequently underwent cholecystectomy. 
Sixty of the surgical specimens revealed pathologic changes. 
Eighty-four percent of patients successfully contacted for 
follow-up experienced complete relief, and another 13% 
had partial relief of preoperative symptoms. Only two pa- 
tients reported no change in symptom complex. Twenty- 
nine patients with abmormal ejection fractions elected not 
to undergo surgery. Fifty-nine percent of these patients con- 
tinued to experience symptoms of biliary colic at a mean 
follow-up of 22 months. Of the 44 patients with normal ejec- 
tion fractions, 35 (80%) reported resolution of symptoms 
during follow-up of medical treatment. Cholecystokinin bil- 
iary scanning can heip identify patients with acalculous, 
functional gallbladder disease who may benefit from chole- 
cystectomy. 
(Arch Surg. 1991;126:957-960) 


E: of the more perplexing problems facing a surgeon 
is deciding what advice to give a patient referred for 
recurrent symptoms of biliary tract disease without gall- 
stones. While there 5 a good chance that the gallbladder 
is diseased and that cholecystectomy will relieve the symp- 
toms, some patients will have normal gallbladders and still 
have persistent or recurrent symptoms. In such cases, 
there are other, nonmedical potential risks, such as mal- 
practice suits (usually for lack of informed consent) and 
sanctions by peer review organizations. 
Consequently, it would be useful to have a test that 
would reliably indicate which patients will have sustained 





Accepted for publication June 30, 1991. 

From the Departments of Surgery (Drs Misra, Blossom, and 
Glover) and Nuclear Medicine (Dr Fink-Bennett), William Beaumont 
Hospital, Royal Oak, Mich. 

Read before the 98th Annual Meeting of the Western Surgical 
Association, Scottsdale. Ariz, November 13, 1990. 

Reprint requests to the Department of Surgery, William Beau- 
mont Hospital, 3601 W Thirteen Mile Rd, Royal Oak, MI 48073 (Dr 
Glover). 


Arch Surg—Vol 126, August 1991 


improvement if surgical treatment is selected. In this re- 
gard, cholecystokinin (CCK) has been used, either alone 
to reproduce symptoms or in conjunction with cholecys- 
tography. We report its use in conjunction with quanti- 
tative cholescintigraphy — calculation of the percent of iso- 
tope emptied from the gallbladder after injection of 
CCK—in 187 patients with symptoms of biliary tract dis- 
ease whose progress was followed up prospectively. 


PATIENTS, MATERIALS, AND METHODS 


We observed all 187 patients who had undergone CCK biliary 
scanning between July 1986 and February 1989. These patients 
had symptoms of recurrent episodes of colicky right-upper- 
quadrant pain thought to be biliary colic. They had been referred 
for scanning by internists, surgeons, and gastroenterologists af- 
ter various other diagnostic tests had failed to demonstrate sig- 
nificant abnormalities. The test was performed in a fashion sim- 
ilar to that first described by Krishnamurthy et al’ and was 
adopted in our hospital due to the efforts of Fink-Bennett and 
DeRidder, who described the technique and reported some re- 
sults. 

Cholecystekinin hepatobiliary scans were performed follow- 
ing the intravenous administration of 185 000 Bq of technetium 
Tc 99m disofenin (Hepatolite). All patients had nothing by mouth 
for 4 to 6 hours before the test. Using a large-field-of-view gamma 
camera with a low-energy medium resolution, an all-purpose col- 
limator, and a 20% window centered at 140 keV, anterior 500 000- 
count hepatobiliary images were obtained every 10 minutes for 
1 hour or until the gallbladder maximally filled (little or no activity 
within the major hepatic radicles, mainly within the gallbladder 
itself). Sincalide (Kinevac; 0.02 pg/kg) was then infused over a 
3-minute period. Following the CCK infusion, anterior post-CCK 
analog hepatobiliary images were obtained every 5 minutes for 
20 minutes. The post-CCK analog images were obtained for equal 
time intervals, not counts, and the time per image was deter- 
mined from the number of seconds required to obtain the pre- 
CCK anterior 500 000-count biliary scintiscan. 

Gallbladder ejection fractions were determined from simulta- 
neously acquired 1-minute images stored on a 64 x 64 computer 
matrix in word mode. Acquisition was begun 1 minute before 
intravenousadministration of CCK and continued for 20 minutes 
afterward. Ejection fractions were determined by manually as- 
signing regions of interest around the gallbladder and around an 
adjacent background area on the pre-CCK, 5-minute, 10-minute, 
15-minute, and 20-minute post-CCK images. Background activ- 
ity was subtracted from both pre- and post-CCK images. Total 
counts and the number of pixels within each region of interest 
were determined and the gallbladder ejection fraction (GBEF) 
was calculated according to the following formula: 


GBEF(i)= NetPre-CCK GB Count—Net Post-CCK GB Counts 
(at t-i:min)/NetPre-CCK GB Counts 
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Relief of Symptoms at Follow-up 


No. (%) of Patients 
——e 
Complete Partial 


58 (84) 2 (13) 2 (3) 
12 (41) 17 (59) 
35 (80) 0 9 (20) 


1 (n=69) 


2 (n=29) 0 


3 (n=44) 


in which i indicates the time after CCK administration. For each 
observation, net GB (gallbladder) counts equal total GB counts 
minus BK, in which BK equals the number of background counts 
per pixel multiplied by the number of pixels in the GB region of 
interest. 

A normal gallbladder ejection fraction response to CCK was 
defined as one in which the gallbladder ejected at least 35% of 
its contents, a value determined by Krishnamurthy et al! and 
Mesgarzedeh et al.* Ejection fractions of less than 35% were 
deemed indicative of abnormal gallbladder motor function from 
chronicacalculous cholecystitis, the cystic duct syndrome, and/or 
gallbladder dyskinesia; these findings were reported by Fink- 
Bennett et al*’* and Swayne et al.° In the appropriate clinical set- 
ting, these patients were advised to undergo cholecystectomy. 

The medical records of all 187 patients were reviewed, and the 
following information was recorded: age, symptom complex, du- 
ration of symptoms, results of CCK-biliary scan and other di- 
agnostic tests, any surgical intervention, and the results of all 
tissue examinations. Three categories of patients participated in 
the study: (1) those with abnormal CCK-biliary scan results (max- 
imal gallbladder ejection fraction response to CCK <35%) who 
had undergone cholecystectomy; (2) those with abnormal CCK- 
biliary scan results who had not undergone cholecystectomy; and 
(3) those with normal CCK-biliary scan results (maximal gall- 
bladder ejection fraction response to CCK >35%) who had not 
undergone cholecystectomy. 

Some patients with abnormal scan results refused cholecys- 
tectomy initially but changed their minds when symptoms per- 
sisted; they were included in group 1. Cholecystectomies were 
performed by several members of the surgical staff. 

After the medical records were reviewed, we attempted to con- 
tact all patients by telephone. A standardized form was used and 
patients were questioned regarding persistence or resolution of 
symptoms, further diagnostic evaluations performed, and sat- 
isfaction with surgical procedures performed. Patients who were 
satisfied with the results of surgery but who had persistence of 
some of their preoperative symptoms were classified as showing 
partial improvement. 


RESULTS 


Of the 187 patients, 142 (76%) were contacted. The mean 
age of all patients was 48 years, and the mean duration of 
symptoms was 17 months. There were 39 men (21%) and 
148 women (79%). The mean follow-up was 22 months. 
Separation of patients into groups 1, 2, and 3 and their 
status at follow-up is shown in the Table. 

There were 88 patients in group 1 (abnormal CCK-bil- 
iary scan results and cholecystectomy), including 15 men 
(17%) and 73 women (83%); their mean age was 44 years, 
and the mean duration of symptoms was 18 months. Sixty- 
nine patients were interviewed. All patients contacted had 
preoperative complaints of right-upper-quadrant abdom- 
inal pain, 46 (67%) had fatty food intolerance and 41 (59%) 
had complained of nausea. Fifty-eight patients (84%) re- 
ported complete resolution of symptoms and no recur- 
rence following cholecystectomy. Nine patients (13%) had 
improvement of symptoms following surgery but not 
complete relief. Only two patients (3%) believed they had 
no postoperative improvement in symptoms. 
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For-y-two (48%) of the 88 surgical specimens showed 
chronic cholecystitis, six of which (7%) had small gall- 
stones not detected before surgery. The criteria for chronic 
cholecystitis included the presence of Rokitansky-Aschoff 
sinuses and lymphocytic and plasmacytic infiltrates in the 
muscalaris. Twelve (14%) of 88 patients had cholesterol- 
Osis. Specimens from 28 patients (32%) showed no his- 
tologic abnormality; seven of these patients had partial or 
no relief of symptoms. In contrast, 39 (95%) of the 41 pa- 
tients with pathologic changes in their gallbladders had 
resolution of their symptoms (P=.011). 

There were 41 patients in group 2 (abnormal CCK-biliary 
scan results and no cholecystectomy), including 10 men 
(24%) and 31 women (76%). The mean age of patients was 
54 years, and the mean duration of symptoms was 24 
months. Twenty-nine patients were interviewed. Twenty- 
eight 97%) had right-upper-quadrant abdominal pain, 18 
(62%) had fatty food intolerance, and 15 (52%) had nausea. 
Twelve patients (41%) reported some improvement of 
their symptoms (P<.001 compared with group 1), but 17 
(59%) were still experiencing symptoms at the time of 
follow-up as severe as when observed initially. Alternative 
diagnoses were established in nine (31 %) of the 29 patients 
interv ewed; these included hiatal hernia (two patients), 
gastroesophageal reflux (two patients), scleroderma (one 
patient), irritable bowel syndrome (two patients), endo- 
metricsis (one patient), and liver hemangioma (one pa- 
tient). 

Fifty-four patients were in group 3 (normal CCK-biliary 
scan results and no surgery), including 14 men (26%) and 
40 women (74%). The mean age was 50 years, and the 
mean duration of symptoms was 12 months. Forty-four 
patients were interviewed. Forty-one (93%) experienced 
right-upper-quadrant abdominal pain, 27 (61%) had nau- 
sea, amd 24 (55%) had fatty food intolerance. Thirty-five 
(80%) >f the 44 patients had relief of symptoms at the time 
of the -nterview; nine (20%) were still experiencing symp- 
toms. A number of therapeutic interventions were used 
in the group of patients in whom alternative diagnoses 
were established. They included diet modification, his- 
tamine blockers, and lactase. 


COMMENT 


Patients with symptoms of biliary colic and no radio- 
graphic evidence of biliary calculi often have had symp- 
toms fer a long time, have sought medical attention from 
a varie-y of specialists, and have undergone extensive and 
often repeated examination of their biliary and upper in- 
testinal tracts with no demonstrable disease. The symp- 
toms have been attributed to abnormalities of motor func- 
tion in the biliary drainage system, thus, the term biliary 
dyskinesia. 

The ack of experimental models of biliary tract disease 
is one reason for the poor understanding of the patho- 
genesis of this problem. Early reports of gallbladder im- 
aging with CCK in conjunction with oral cholecystogra- 
phy, however, described a “fighting gallbladder sign,” 
thougl t to represent the gallbladder contracting against a 
poorly emptying cystic duct or a nonrelaxing sphincter of 
Oddi.° The resulting relative stasis of bile is thought to 
predispose to the formation of cholesterol crystals. In this 
regard, Moskovitz et al’ showed a correlation between low 
gallbladder ejection fraction and cholesterol crystals in 
duodenal aspirates. Also, Pitt et al and Roslyn et al? 
showed in the prairie dog model that increased resistance 
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in the cystic duct predisposed to gallstone formation, and 
exogenous administration of CCK prevented the forma- 
tion of gallstones in prairie dogs fed a high cholesterol diet. 

If these findings cam be extrapolated to humans, biliary 
dyskinesia may represent an early phase in the spectrum 
of calculous biliary tract disease. If altered anatomy of the 
cystic duct or spasm of the sphincter of Oddi in response 
to increased common duct pressure causes distension of 
the gallbladder, which, in turn, causes symptoms in these 
patients, then removing the gallbladder should remove 
the source of the symptoms. On the basis of this thesis, 
Rajagopalan and Pickleman"? and Pickleman et al"’ ad- 
vocated cholecystectomy on the basis of careful clinical 
evaluation. 

In considering the data presented herein, it is important 
to emphasize that the only basis for recommending chole- 
cystectomy was documentation of a gallbladder ejection 
fraction of less than 35%. All patients in the series were 
tested because they had intermittent episodes of right- 
upper-quadrant pain that their attending physicians 
thought was due to chronic cholecystitis. In addition, all 
patients underwent at least one ultrasonographic exam- 
ination, none of which showed gallstones. Consequently, 
a variety of other tests were performed, including the 
CCK-biliary scan. If the ejection fraction was less than 
35%, cholecystectomy was advised. 

The 35% ejection fraction had been chosen by Fink- 
Bennett and associates** before the start of this study on 
the basis of retrospective analysis of data from patients not 
in this study who had undergone CCK-biliary scans prior 
to cholecystectomy. They demonstrated that the response 
of individuals with a partially obstructed, chronically in- 
flamed, or functionally impaired gallbladder to exogenous 
CCK was different from that of patients with normal gall- 
bladder function, and that ejection fractions less than 35% 
were statistically associated with pathologic findings of 
cholecystitis and relief of symptoms.*** Their findings 
were compatible with the observations of Proudfoot et al ? 
and Rhodes et al'* who reported relief of symptoms after 
cholecystectomy in patients who did not have gallstones 
but had positive CCK-cholecystography results. Fink- 
Bennett and associates** proposed that calculation of an 
ejection fraction would add a quantitative element to the 
test that might be predictive of relief of symptoms by chole- 
cystectomy in patients who had biliary colic but no de- 
monstrable gallstones. Their hypothesis was the basis of 
this report. 

Of the 187 patientsobserved in this study, 129 (69%) had 
ejection fractions of less than 35%, and all were advised 
to undergo cholecystectomy for that reason; 88 accepted 
this recommendation. Sixty-seven (97%) of the 69 patients 
who were followed up 9 to 42 months after surgery (mean 
follow-up, 22 months) had relief of symptoms. Fifty-nine 
percent of patients with abnormal scan results who re- 
fused cholecystectomy were experiencing persistent 
symptoms when contacted. This difference between 59% 
and 3% persistent symptoms was statistically significant 
(P<.001 by x” analysis). 

Consequently, one might conclude that these patients 
also would have benefited from cholecystectomy, but the 
finding that a number of patients had other diagnoses es- 
tablished makes the conclusion tentative at best. Further- 
more, the condition of 80% of the patients in group 3, (nor- 
mal scan results and no cholecystectomy) had improved 
when they were contacted for follow-up, and we do not 
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have a satisfactory explanation for this phenomenon. Ten 
of these patients were treated with histamine blocking 
agents, and nine decreased their intake of fatty foods. Four 
were later thought to have lactose intolerance; three, gas- 
tric ulcer; and two, irritable bowel syndrome. In contrast, 
there were no alternative diagnoses established in the 
follow-up of patients who underwent cholecystectomy af- 
ter receiving abnormal CCK-biliary scan results. Conse- 
quently, we believe the 97% improvement noted after 
cholecystectomy in appropriately selected patients with a 
CCK ejection fraction of less than 35% provides strong 
support for use of this test as a basis for recommending 
cholecystectomy to patients with symptoms of biliary tract 
disease but no demonstrable gallstones. Obviously, there 
is also a need for careful observation over time, a thorough 
search for alternative diagnoses, and considerate clinical 
judgment. 

A final concern is whether patients who experience relief 
after cholecystectomy will develop recurrent symptoms in 
the future. Many patients who have recurrent symptoms 
after cholecystectomy develop them within 2 years; we 
found no such patients during the mean follow-up of 22 
months. Longer periods of observation, however, are ob- 
viously necessary to answer this question. 


The authors wish to acknowledge Robert Bernstein for his help 
with this project. 
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Discussion 

Jack R. PickLeman, MD, Maywood, Ill: With my reputation as 
a surgical “hit man,” I am not exactly sure why I was asked to 
discuss this paper, until I looked off to my right and saw that Dr 
Glover holds the timing button and he has already put on the red 
light. Five years ago at a meeting of this association in Colorado 
Springs, I presented our preliminary data on this same test uti- 
lizing a similar group of patients. At that time I was blindsided 
by Alex Walt, who expressed considerable skepticism regarding 
not only this test but also the existence of the syndrome itself. 
I rise once again to agree with 50% of what Dr Walt said. Alex, 
the syndrome does exist. What we are quibbling about is the 
usefulness of the nuclear study. 

The sole reliance on this test to dictate the necessity for chole- 
cystectomy is going to lead to grief from a myriad of directions, 
including tissue committees, peer review organizations, mal- 
practice lawyers, not to mention a few disgruntled spouses. Proof 
for this stand comes from the authors’ own data. Take a look at 
their group 2 patients. They had 29 patients in group 2 who were 
followed up. Of these 29, 12 improved without operation, and 
nine of these 12 were found to have alternative diagnoses. Now, 
if the authors really believed their own recommendations, they 
would have performed cholecystectomy on this group of pa- 
tients, and at least 12 of them would not have benefited from that 
operation. Perhaps the reason for the authors’ excessive enthu- 
siasm lies in their study design. I quote from the manuscript that 
Ireviewed. Their patients had “pain compatible with biliary colic” 
and underwent “various diagnostic tests.” I do not think that this 
is a rigorous enough selection process. We have insisted on clas- 
sic biliary colic along with normal results of ultrasonography, oral 
cholecystography, and liver function tests as well as normal se- 
rum amylase levels and either a normal upper GI or upper GI 
endoscopy. 

Given these criteria, I think itis irrelevant what the CCK study 
shows and maybe the ultimate usefulness of this study will be 
to provide a piece of positive data for either insurance companies, 
peer review organizations, or the reluctant patient who wants to 
see something abnormal on paper before committing to an op- 
eration. 

Frank T. JORDAN, MD, Las Vegas, Nev: I too put together a series 
when I was in Ann Arbor, Mich, on this exact topic. 

It was brought to my attention by Dr John Freitas of the Nuclear 
Medicine Department at Beaumont Hospital and I started study- 
ing a series of patients with the same type of symptoms. 

My series totalled 52 patients who had a CCK-Hida scan per- 
formed. What I would like to ask of the authors is this: First, you 
did not mention the cystic duct size. In my series, 60% of patients 
had a cystic duct that was so extremely small or kinked so that 
cholangiography could not be performed. Did you experience the 
same finding? 
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My second question is about the ejection fraction studied. 
When Dr Freitas and I discussed this study, we used 45% or less 
at 30 minutes as a positive study. I subsequently changed that 
to 75% at 1 hour. I assume you're using 35% at 30 minutes. When 
I switched from 45% at half an hour to 75% at 1 hour, I raised 
my percentage of positive gallbladders on path to well over 85%. 

I also had nearly 100% of patients having symptom relief post- 
operatively. This might improve your 31% normal pathology re- 
ports. 

Third, I would like to ask this: How do you justify with pre- 
certification to insurance groups to allow you to operate upon 
these people? I have a great deal of trouble convincing them that 
this is anything near a credible study. 

Dr Grover: Dr Pickleman, I agree with you that sole reliance 
on this test would lead to grief in a number of ways, not the least 
of which would be the peer review organizations, and we don’t 
really propose that it be used in that manner. In fact, we are 
proposing that it be used pretty much as you suggested. 

In addition, we did not emphasize that we too would insist on 
the same sorts of diagnostic measures that you have required. 
These patients were referred by a variety of physicians, and those 
who had ejection fractions of less than 35% were offered chole- 
cystectomy, and I suspect with varying amounts of energy by 
differert surgeons. Obviously, some of those patients had not 
been adequately evaluated because other diagnoses appeared 
later on. 

Consequently, we would certainly agree that one of the most 
important factors is to be vigorous in exclusion of alternate di- 
agnoses. We think this test may provide a piece of data that’s 
positive and also may ultimately provide a piece of data that’s 
troublesome because some patients will have normal gallblad- 
ders. Our group of surgeons has not beenas vigorous as you have 
been in advising cholecystectomy for those with normal ejection 
fractions. But that’s because you are following them carefully and 
insisting on classic recurrent symptoms, and we agree with that 
approach. 

Dr Jordan, I have no real explanation for the difference in the 
age group, and we have no data on size of the cystic duct. The 
35% ejection fraction was selected arbitrarily. In some of the initial 
studies describing this test, there was significant variation, and 
I believe that means we don’t fully understand the pathophys- 
iology. 

How does one justify admission for those who require pre- 
certification? With great difficulty, and sometimes notat all. Con- 
sequently, we must publish this sort of information in order to 
make some progress in this area. Finally, we certainly don’t wish 
to say this test is the sine qua non for biliary dyskinesia. The 
clinical diagnosis and observation of these patients are at least as 
important as, and probably more important than, the test, but 
we find it useful in selection of patients. 
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Prediction of Injury Caused by Penetrating Wounds 
to the Abdomen, Flank, and Back 


Mary C. McCarthy, MD; Gregory A. Lowdermilk, MD; David F. Canal, MD; Thomas A. Broadie, MD 


è Controversy about the appropriate evaluation of pene- 
trating abdominal, flank, and back injuries prompted this 
retrospective review of 311 patients at an urban level | 
trauma center over 5 years. Seventy-five (24%) patients sus- 
tained gunshot wounds to the abdomen. All patients with 
gunshot wounds underwent exploratory laparotomy; results 
of 67 laparotomies (89%) were positive. Of 236 patients 
sustaining stab wounds (140 abdominal wounds, 51 flank 
wounds, 26 back wounds, and 19 wounds to multiple sites), 
147 were treated according to a selective protocol, based 
on results of physical examination, wound exploration, peri- 
toneal lavage, and ancillary diagnostic studies. No injuries 
were found at celiotomy in three (2%) of these 147 patients. 
One false-negative result of evaluation of a flank wound oc- 
curred. Significant injuries were found in 13 patients (68%) 
with stab wounds to multiple sites, 61 patients (44%) with 
abdominal stab wounds, 15 patients (29%) with flank stab 
wounds, and four patients (15%) with back stab wounds. 
Mandatory exploration of gunshot wounds is justified. Phys- 
ical findings of intra-abdominal injury or positive results of 
peritoneal lavage identify stab wound victims likely to ben- 
efit from surgical exploration. A policy of mandatory ob- 
servation or routine celiotomy for treatment of stab wounds 
is not justified. 
(Arch Surg. 1991;126:962-966) 


A continuing debate among trauma surgeons is the eval- 
uation and management of penetrating torso inju- 
ries. Varying estimates of the incidence of significant vis- 
ceral injury tempered by the expectation of- life- 
threatening complications if such injuries are recognized 
late in the patient’s course are reasons for early operation. 
Alternatively, it is recognized that routine emergency ce- 
liotomy for treatment of all penetrating injuries with po- 
tential for violation of the peritoneal cavity is associated 
with morbidity reported to approach 20%.' Previous in- 
or have presented schemes to address this conun- 
rum. 
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This retrospective investigation was undertaken to de- 
termine the characteristics of those patients who might 
safely be treated without surgery and its attendant mor- 
bidity, to assess the reliability of the methods of such se- 
lection, and to develop from this information a protocol 
for the prospective treatment of patients with penetrating 
torso trauma at risk of intra-abdominal injury. 


PATIENTS AND METHODS 

To identify each patient with penetrating torso trauma pre- 
senting to Wishard Memorial Hospital, an urban trauma center 
in Indianapolis, Ind, between January 1, 1983, and December 31, 
1987, hospital records and the trauma registry were reviewed. 
From each chart were recorded data regarding site and mecha- 
nism ef injury, indications for operation, vital signs, physical 
findings, laboratory data, results of radiologic studies and peri- 
toneal lavage, hospital course, findings at operation, and post- 
operative morbidity. 

Data were then collated according to mechanism (gunshot or 
stab wound) and site of injury. Abdominal wounds were de- 
limited by the anterior axillary lines, the sixth intercostal space, 
and the pubis; flank wounds, by the anterior and posterior ax- 
illary lines, the sixth intercostal space, and the iliac crest; and back 
wounds, by the angles of the scapulae, the posterior axillary lines, 
and the iliac crests. Patients with stab wounds to multiple sites 
and petential for peritoneal violation were considered as yet an- 
other group. 

The sensitivity and specificity of each modality of management 
in each group were then calculated. Modalities of management 
included mandatory operation (patients with hypotension, evis- 
ceration, signs of peritoneal irritation, or a combination of these 
findings); routine operation (patients with injuries that might vi- 
olate the peritoneal cavity); peritoneal lavage (patients with initial 
aspiration of more than 10 mL of blood or more than 100 000 red 
blood cells per cubic millimeter in the lavage fluid); and obser- 
vation (patients who underwent surgery after initial observation 
only, but who later developed signs of intraperitoneal injury). 
Any cemparisons among groups were assessed for statistical va- 
lidity using x° analysis. 


RESULTS 

Three hundred ninety-two victims of penetrating torso 
injuries were identified. In 81 cases, the records contained 
insufficient information for inclusion, leaving 311 subjects 
for analysis. This population was predominantly male 
(93% )and ranged in age from 5 to 70 years (28.6+10.7 years 
[mean +SD]). 

Seventy-five individuals (24%) sustained gunshot 
wounds (Table 1). All 75 underwent surgical exploration. 
Forty-three (57%) underwent emergency operation be- 
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Table 1.—Method of Management by Mechanism and Site of Injury 


Routine 
Exploration, 
No. of Cases 

(No. With 
intra-abdominal 

Injury) 


32 (27) 


Mandatory 
Exploration, 
No. of Cases 
(No. With 
Mechanism and intra-abdominal 
Site injury) 
Gunshot wound 43 (40) 
Stab wound 
Abdomen 34 (31) 25 (11) 
Flank 13 (11) 3 (0) 
Back 3 (2) 1 (0) 
Multiple sites 5 (5) 5 (4) 
Total 55 (49) 34 (15) 


Table 2.—Incidence of Intra-abdominal Injury by 
Mechanism and Site of Trauma 


No. (%) With 
intra-abdominal 
Injury 


67 (89) 
93 (39) 


Mechanism 
and Site 


Gunshot wound 


No. of Cases 


Stab wound 
Abdomen 61 (44) 
Flank 15 (29) 
Back 4 (15) 

13 (68) 


Multiple sites 
Total 160 (51) 


cause of hypotension, evisceration, or signs of peritoneal 
irritation, and were considered as having undergone man- 
datory exploration; of these 43, 40 (93%) had intraperito- 
neal injuries. The remaining 32 patients underwent ce- 
liotomy because of the risk of peritoneal violation and were 
considered to have undergone routine exploration; of 
these 32, 27 (84%) had intraperitoneal injuries. Overall, 
89% of patients sustaining gunshot wounds with the po- 
tential for violation of the peritoneal cavity had intraperi- 
toneal injuries. 

Two hundred thirty-six individuals sustained stab 
wounds (Table 1). Fifty-five underwent mandatory explo- 
ration, and of these, 49 (89%) had intraperitoneal injuries. 
Thirty-four underwent routine exploration, and of these, 
15 (34%) had intraperitoneal injuries. An additional 147 
patients underwent selective management, with the de- 
cision to operate being based on positive results of peri- 
toneal lavage (25 [29% | of 86 patients) or the development 
of physical findings of intra-abdominal injury during ob- 
servation (five [8%] of 61 patients); one patient with neg- 
ative results of peritoneal lavage underwent operation 
when physical signs of intra-abdominal injury developed 
during postlavage observation. Of the 31 patients who un- 
derwent “selective exploration” (25, positive lavage; five, 
observation; and one, false-negative lavage), 29 (94%) had 
intraperitoneal injuries and 25 (81%) had significant in- 
juries. 

The 236 patients with stab wounds were also stratified 
by site of injury. The incidence of intraperitoneal injury at 
various sites is displayed in Table 2. Thirteen patients 
(68%) with wounds at multiple sites, 61 patients (44%) 
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with abdominal wounds, 15 patients (29%) with flank 
wounds, and four patients (15%) with back wounds had 
intra-abdominal injuries. If subjects in the mandatory ex- 
ploration group are eliminated, only 30 (28%) of 106 pa- 
tients with abdominal wounds, four (11%) of 38 patients 
with flank wounds, and two (9%) of 23 patients with back 
wounds had intra-abdominal injuries. 

Of the 86 patients who underwent peritoneal lavage, 
nine (10%) had sustained wounds at multiple sites; 65 
(76%), abdominal wounds; 12 (14%), flank wounds; and 
none, back wounds (Table 3). There were six false-positive 
results and one false-negative result; among the patients 
who had false-positive results, four had minor liver lac- 
erations that did not require treatment, explaining the pos- 
itive test results. Test results in this group of patients who 
underwent peritoneal lavage had a sensitivity of 95%, a 
specificity of 91%, and an accuracy of 92%. The patient 
with a false-negative lavage result underwent celiotomy 
12 hours later and was found to have an omental lacer- 
ation. Sixty-two patients were spared operation because 
of peritoneal lavage. An additional 61 patients were ob- 
served. Sixteen sustained abdominal wounds; 23, flank 
wounds; and 22, back wounds. Five patients subsequently 
underwent operation after the development of physical 
signs of intra-abdominal injury. These patients had a va- 
riety of hollow and solid visceral injuries, and none de- 
veloped postoperative complications that were believed to 
be attributable to the delay in definitive therapy. In this 
group, 56 patients were spared operation. Overall, among 
those 147 subjects undergoing selective management for 
stab wounds likely to have violated the peritoneal cavity, 
118 (80%) were spared operation. 

The sensitivity, specificity, and accuracy of the methods 
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Sensitivity, % 
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of management of penetrating torso injuries are listed in 
Table 4. Celiotomy performed in patients with hypoten- 
sion, evisceration, or signs of peritoneal irritation revealed 
intra-abdominal inj in 40 patients with gunshot 
wounds (93%) and in 49 patients with stab wounds. Rou- 
tine exploratory laparatomy revealed intra-abdominal in- 
jury in 84% of patients with gunshot wounds, but in only 
44% of patients with stab wounds. Among those patients 
treated selectively, the presence or absence of intra- 
abdominal injury was accurately predicted 95% of the 
time. 


COMMENT 

There is continuing debate among trauma surgeons re- 
garding the management of penetrating torso injuries. 
Opinions are based on the sensitivity and specificity of 
available diagnostic tests, the likelihood of significant 
trauma, the morbidity of delayed treatment of visceral in- 
jury, and other issues. Emergency routine celiotomy for 
treatment of all penetrating injuries has been associated 
with an incidence of morbidity of 20% .* Morbidity consists 
of pneumonia, wound infections, evisceration, iatrogenic 
technical complications, and small-bowel obstruction. To 
minimize the number of patients undergoing nonthera- 
peutic celiotomy, various schemes for selective manage- 
ment using observation, wound exploration, peritoneal 
lavage, and other diagnostic studies have been proposed.” 

The use of peritoneal lavage in cases of gunshot wounds 
has been fraught with difficulty. Some authors recom- 
mend celiotomy in patients with red blood cell counts in 
lavage fluid of 10000 per cubic millimeter. This minimal 
hemoperitoneum indicates peritoneal violation by the 
missile.* In contrast, other authors recommend celiotomy 
even without peritoneal penetration’ because of blast in- 
juries and contusion that may present as delayed intestinal 
perforation. The significant likelihood of injury in patients 
with abdominal wounds from even small-caliber weapons 
was confirmed in our series, which showed intra- 
abdominal injury in 67 (89%) of 75 patients with gunshot 
wounds. Forty-one (61%) of the 67 patients had multiple 
injuries. Thus, a policy of mandatory celiotomy is justified. 

Selective management of stab wounds has been advo- 
cated by several authors” to reduce the incidence of un- 
necessary celiotomy. Sixty-two percent of patients in the 
routine exploration group underwent nontherapeutic ce- 
liotomy (ie, no intra-abdominal injury was found). Serial 
physical examination is an effective method for evaluation 
of penetrating abdominal trauma,° and, in our series, 
prompted celiotomy in five of 61 patients in whom ob- 
servation was originally selected. However, difficulty in 
distinguishing intra-abdominal tenderness from wound 
tenderness may make physical examination less accurate 
in cases of anterior abdominal injuries. Physical exami- 
nation may be most applicable in the areas in which other 
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Table 4.—Accuracy of Mandatory, Routine, and Selective Management of Penetrating Injuries 
to the Abdomen, Flank, and Back 
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Algorithm for the management of penetrating trauma. Asterisk rep- 
resents no indications (eg, hypotension, evisceration, or obvious 
visceral injury) for immediate exploration. 


tests are unreliable (eg, stab wounds to the posterior flank 
and back). Concern about the availability of the same ex- 
aminer over time and the potential for delayed treatment 
of gastrointestinal tract injuries has led us to emphasize 
more definitive early diagnostic methods. For patients 
with abdominal stab wounds, local exploration of the 
wound reveals fascial involvement and, therefore, the 
likelihood of peritoneal penetration with its attendant risk 
of visceral injury. If the wound enters the abdomen or the 
end of the tract is not visualized, peritoneal lavage should 
be performed. Refinement of the criteria for what are con- 
sidered positive results of lavage has also been pursued 
to reduce the incidence of celiotomy for treatment of in- 
significant injuries.’ In our series, the accuracy of peri- 
toneal lavage in patients with abdominal stab wounds, 
using 100 000 red blood cells per cubic millimeter as a pos- 
itive indicator, was 91%. 

Management of flank stab wounds should be based on 
the relationship of the wound to the costal margin. Ex- 
ploration of lower chest wounds should not be performed 
because it might cause a pneumothorax. Recently, some 
authors have recommended routine celiotomy for these 
injuries to detect occult diaphragmatic hernias.’ In our se- 
ries, the accuracy of peritoneal lavage in patients with 
flank wounds was 91%. The importance of a 24-hour in- 
patient observation of patients with negative results of 
peritoneal lavage should also be emphasized in detecting 
rare false-negative results. One patient in our series had 
a false-negative result. | 

Back stab wounds are more difficult to evaluate because 
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of the potential for retroperitoneal injuries. The physical 
examination is essential in selecting patients for explor- 
atory celiotomy. Additional diagnostic studies—urinaly- 
sis, complete blood cell counts, amylase measurements, 
intravenous pyelograms, and gastrointestinal contrast 
studies—are required in some patients. If patients with 
indications for emergency celiotomy are excluded, the in- 
cidence of intra-abdominal injuries in our patients with 
stab wounds to the back was 9% (two of 23 cases). This 
is similar to results of other reported series. Some recent 
studies’ of contrast-enhanced computed tomography in 
this subgroup have shown improved detection of other- 
wise inapparent visceral injury, but this technique was not 
used in our series. 

Analgorithm reflecting the sequence of evaluation used 
in our patients with penetrating torso injuries is presented 
in the Figure. In this series, a selective management pro- 
tocol using wound exploration, peritoneal lavage, obser- 
vation, and selected ancillary diagnostic studies was ef- 
fective in the early diagnosis of intra-abdominal injuries 
and in reducing the incidence of nontherapeutic celiotomy 
for treatment of trauma. 

The likelihood of significant intra-abdominal injury may 
be predicted based on the type and location of the pen- 
etrating injury, the presence of initial indications for man- 
datory operation (hypotension, evisceration, or peritoni- 
tis), and the results of the studies obtained using the 
algorithm for selective management of penetrating trauma 


(Figure). 
We thank Linda Collyer for secretarial assistance. 
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Discussion 

Barry A. Levine, MD, San Antonio, Tex: The authors have done 
us a service by showing us a process of careful patient selection 
for operation based on diagnostic peritoneal lavage and clinical 
judgment. By doing this, they have adequately treated a group 
of injured patients and have not exposed them to an increase in 
mortality and morbidity caused by undue delay. The criteria that 
they have used are not dissimilar from those first proposed by 
Dr Carter Nance several years ago. Many of us were disbelievers 
but have later come to adopt his views. I would like to reiterate 
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several of the points that Dr McCarthy made because I think they 
are very important. 

First, she has shown that gunshot wounds still mandate ex- 
ploration. Why? Because approximately 90% of her patients had 
significant injuries. Since this goes along with both the data and 
the bias at our own institution, I can only heartily underscore that 
conclusion. 

The more controversial area lies in the stab wounds to the ab- 
domen. Even if all of her 236 patients are taken together, only 
27 of them, or 11.4%, had negative explorations. If only the se- 
lectively treated ones are scrutinized, the negative rate drops to 
a mere 4%. 

Last year at this meeting we presented essentially the control 
group for this study—our experience over 10 years with man- 
datory celiotomy for all truncal stab wounds. In our approxi- 
mately 1200 patients, there was a 38% negative finding rate at 
operation. Not only were these patients subjected to longer than 
needed hospitalizations, but they also evidenced a significant 
complication rate. It was not the 20% that has been reported in 
other series, but was still approximately 5%. However, both these 
negative aspects have been eliminated by the Indianapolis 
group’s approach, and for this they should be congratulated. 

You had several explorations based on diagnostic peritoneal 
lavage in which you found only insignificant nonbleeding liver 
lacerations. I believe there were four or five such cases described 
in the manuscript. Has this caused you to adjust your DPL criteria 
for operation? Secondly, the potential savings for a selective ap- 
proach are obvious. Have you done any calculations to estimate 
what this would have saved your institution in dollars on an 
annual basis? 

Erwin R. THAL, MD, Dallas, Tex: Did you compare the morbidity 
of those patients who had a delayed operation with the morbidity 
encountered by the patients who had a negative laparotomy? We 
strongly agree with your technique of local exploration. We have 
expanded our use of local exploration to patients with flank 
wounds. If the wound tracks anteriorly, we believe that the la- 
vage is probably an accurate study. On the other hand, if it tracks 
posteriorly we would now obtain a double contrast computed 
tomographic (CT) scan, which in a recent review of 205 patients 
we reported to have a sensitivity of 89%. 

Jerry M. Snuck, MD, Cleveland, Ohio: I wish to comment about 
the posterior stab wounds and the value of the CT scan, which 
not only shows the track, but may also diagnose the lesion. The 
other point I would like to make is about the “positive” explo- 
ration of the four patients who didn’t need anything to be done. 
If you took all 19 patients and count these four as “negative,” 
which some studies do, then you have a 30% negative laparos- 
copy rate for stab wounds. Tell us why you see an operation that 
doesn’t need anything to be done as a positive exploration. 

Cuartes E. Lucas, MD, Detroit, Mich: From the historical per- 
spective we must remember that it was the same Carter Nance 
who long ago recommended selective observation for stab 
wounds to the abdomen who also recommended a selective ob- 
servation for gunshot wounds to the abdomen. I would like to 
know, in that 89% of patients who had positive exploration for 
gunshot wounds to the abdomen, how many of those had non- 
therapeutic laparotomies for minor liver wounds, omental per- 
forations, or mesenteric injuries that were no longer bleeding at 
the time of exploration? Looking at your data, how would you 
respond to the Carter Nance position that we should also se- 
lectively observe gunshot wounds to the abdomen? 

RAYMOND M. KELTNER, JR, MD, St Louis, Mo: I must be into Dr 
Ashbaugh’s third category by now, because after 17 years in a 
metropolitan hospital I no longer elect to do trauma. With the 
mania for laparoscopy, has this entered into your algorithm at 
all? I appreciate the fact that insufflation may be a danger from 
air embolus, but with my experience with laparoscopy, certainly 
you can examine almost any part of the celom very effectively, 
and I should think that retroperitoneal hematomas from the flank 
or posterior stab wounds could be very readily identified. 

J]. Braptey Aust, MD, San Antonio, Tex: The point I want to 


Injury Prediction—McCarthy et al 965 








p 


Š umes e's View athe ite) 


xy ee eee 


aaa A 


vie. Sar = Fa 
e ’ t ‘ aa 

. A 

RP i 

ae 

j 

my 


make is that each culture has a different type of injury that is 
inflicted on its citizens, and perhaps we need a different algo- 
rithm for each city. In San Antonio, we have about 25% or 30% 
more positive explorations than in Indianapolis. The culture of 
the people determines what kind of weapon is used and the style 
or technique of use. We understand that gunshot wounds are not 
generic. Shotgun wounds are quite different from high-velocity 
rifle wounds, which in turn are different than pistol wounds. So 
it is with stab wounds. There is no such thing as a generic stab 
wound. 

Dr BroaptE: Dr Levine, of the 25 stab-wound patients under- 
going operation because of a positive peritoneal lavage, 24 had 
visceral injuries and 20 had what was regarded to be a significant 
visceral injury. We were happy to have spared the other 61 an 
operation. We have not attempted to make ever and ever more 
exacting interpretations on the basis of redefining a positive peri- 
toneal lavage aspirate. The cost-savings question is one that 
should be looked into. We have not done so. At a public insti- 
tution such as ours, that sort of information is frequently not as 
readily available as in some other situations. 

Dr Thal, we were fortunate in that those patients in whom a 
late diagnosis of a significant intraperitoneal injury was made did 
not have significant complications. That is a matter of luck, and 
not of diagnostic genius on our part. We, too, have had some 
difficulty interpreting the findings of local exploration. We will 
take to heart your advice. We have not used the CT scan to any 
great extent in this group of patients. 

Dr Shuck, we have already commented on the use of CT scan 


in this series. As to the second issue, I am not entirely confident 
that your calculations are correct. We have calculated sensitivity, 
specificity, and accuracy of selective management including and 
excluding the four patients with both positive lavages and in- 
conseguential intra-abdominal injury. Sensitivity dropped from 
79% to 76%, and accuracy from 95% to 92%. I believe that these 
figures support the use of the selective program. 

Dr Lucas, this particular study was undertaken because Dr Mc- 
Carthy and myself had divergent views as to management of 
penetrating injuries. I took the view that all should be explored 
and believe that I was proved wrong; this, I believe, has been to 
the benefit of our patient population. We still regard gunshot 
wounds of the abdomen as an indication for mandatory explo- 
ration, and I think the presence of significant injury in 90% of our 
patients does justify this approach. 

Dr Keltner, we have not used laparoscopy. Again, being at a 
public institution, it takes a little longer to talk our management 
into the purchase of such an instrument, although we do have 
one on the way and I am sure the uses of this technology will 
expand. 

Dr Aust, I am entirely in agreement with you. I had the oc- 
casion, early in my training, to be taught to use wound injections 
with radiopaque contrast material which, in that environment, 
seemed to work well. When lattempted to transfer this to another 
group of patients, it did not work at all. I hope that you will 
consicer the recommendations that we have made in this paper 
in light of your own patient mix. 


In Other AMA Journals 
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Current Status of Organ Preservation With Unwersity of Wisconsin Solution 


Anthony M. D’Alessandro, MD; Munci Kalayoglu, MD; 
Hans W. Sollinger, MD, PhD; John D. Pirsch, MD; 
James H. Southard, PhD; Folkert O. Belzer, MD 


A retrospective analysis of all organs that were preserved with University of Wisconsin so- 
lution was undertaken to assess the impact of this solution on early allograft function. From 
May 1987 until June 1990, 181 livers, 92 pancreata, and 92 kidneys were preserved with Uni- 
versity of Wisconsin solution for extended periods of time. The mean (+SD) preservation times 
were as follows: liver, 12.6+4.5 hours; pancreas, 16.7+4.4 hours; and kidney, 18.3+4.3 hours. 
The overall rate of primary nonfunction and hepatic artery thrombosis were 6.1% and 3.9%, 
respectively. No differences in the rates of primary nonfunction and hepatic artery thrombosis 
were noted for combined liver-pancreas procurement vs isolated liver retrievals or when 
reduced-size liver transplants were compared with nonreduced liver transplants. Likewise, no 
difference in primary nonfunction or hepatic artery thrombosis was seen in livers that were 
preserved for less than 6, 6 to 12, and greater than 12 hours. However, serum aminotransferase 
levels and prothrombin times were lower on the first postoperative day in livers that were 
preserved for less than 6 hours when compared with 6 te 12 or greater than 12 hours. Early 
pancreatic allograft function was also excellent for up to 24 hours of cold-storage preservation. 
All patients were immediately insulin independent, and there were no cases of initial non- 
function or graft pancreatitis. There were only two cases (2.2%) of pancreatic vascular throm- 
bosis in this series. No difference in pancreatic function was noted for organs that were preserved 
for less than 6, 6 to 12, or greater than 12 hours. Likewise, renal allograft function was excellent, 
with only two patients (2.2%) requiring postoperative hemodialysis. The actuarial 1-month 
patient survival for liver and pancreas-kidney transplant recipients was 91.5% and 98.9%, re- 
spectively. Actuarial 1-month allograft survival for liver, pancreas, and kidney transplants was 
83.0%, 96.7%, and 97.8%, respectively. In conclusion, University of Wisconsin solution rep- 
resents a significant advancement in cold-storage organ preservation and is ideally suited as 
a universal intra-abdominal aorticflush and cold-storage solution. (Arch Pathol Lab Med. 


1991;115:306-310). 
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WI 53792 (Dr D'Alessandro). 


966 Arch Surg—Vol 126, August 1991 





Injury Prediction—McCarthy et al 


Paper 


Not All Nonpalpable Breast Cancers Are Alike 


Dido Franceschi, MD; Joseph P. Crowe, MD; Sutek Lie, MD; Renate Duchesneau, MD; 
Robert Zollinger, MD; Robert Shenk, MD; Gladys Stefanek, RN; Jerry M. Shuck, MD, DSC 


e Clinical and mammegraphic data of 1009 consecutive pa- 
tients were correlated with histopathologic data of 1144 bi- 
opsy specimens of nonpalpable breast lesions to better de- 
fine the presentation and biologic behavior of early breast 
cancer. Patients with malignant neoplasms (269 [24%] of 
1144 specimens) were older (mean age, 62.1 years) than 
patients with benign lesions (mean age, 54.9 years). Fur- 
thermore, patients with invasive disease were older (mean 
age, 63.3 years) than patients with noninvasive disease 
(mean age, 58.5 years) with an overall increased risk of in- 
vasive cancer per year of 1.035. A 58% incidence of invasive 
cancer was detected for lesions characterized by calcifica- 
tions, while the incidence of invasive cancer was 84% for 
isolated mass lesions (relative risk, 4.31 for masses). Isolated 
mammographic calcifications associated with cancer ap- 
peared in a younger population and were significantly as- 
sociated with noninvasive ductal cancer. Breast cancer pre- 
senting as a mammographic mass appeared in an older group 
and was highly associated with the presence of invasive dis- 
ease. 
(Arch Surg. 1991;126:967-971) 


T he clinical facets of breast cancer are characterized by 
marked heterogeneity. Analysis of the breast cancer 
mortality rates in Connecticut between 1950 and 1973° 
supports the concept that there are at least two forms of 
breast cancer: an aggressive form, which accounts for most 
of the morbidity and mortality, and an indolent form. The 
recognition that patients at extreme ends of the disease 
spectrum are very different provides a basis for attempting 
to identify factors that would define this heterogeneity. 
This might help recognize groups of patients likely to ben- 
efit uniquely from one treatment strategy or another. 
Intuitively, one might assume that the preclinical phase 
of breast cancer should demonstrate similar variation in 
behavior. However, the biologic behavior of early breast 
cancer is still poorly understood. The widespread use of 
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screening mammography during the last decade has re- 
sulted ina striking increase in the detection of nonpalpable 
breast carcinoma.*” Because of the marked variability in 
clinical course, there has been considerable interest in 
identifying the important characteristics predictive of tu- 
mor behavior. We prospectively studied 1009 consecutive 
patients who underwent 1144 breast biopsies for mam- 
mographically suspicious, nonpalpable lesions. Histo- 
pathologic data were correlated with host characteristics 
and mammographic patterns in an attempt to better un- 
derstand the presentation and biologic behavior of early 
breast cancer. 


PATIENTS AND METHODS 


We prospectively studied 1009 consecutive patients who un- 
derwent breast biopsy for 1144 suspicious, nonpalpable lesions 
identified with mammography. Suspicious mammographic find- 
ings were classified as follows: (1) a mass or density; (2) calci- 
fications; or (3) a mass with associated calcifications. The decision 
to proceed with the breast biopsy was made before data were 
collected for this study. Two hundred sixty-nine cancers were 
identified in this group of patients. The study of these cancers 
represents the main focus of this report. 

Immediately before surgery, information concerning specific 
features of the mammogram were reclassified by two senior 
mammogram radiologists; these classifications were indepen- 
dent of the initial mammogram interpretation and recommen- 
dation. 

Demographic and clinical data were gathered by interviewing 
the patient before surgery and were entered in our Breast Center 
database. Clinical data collected included age, race, family his- 
tory of breastcancer, history of fibrocystic disease, menarche, age 
at birth of first child, number of pregnancies, menopausal status, 
and use of birth control pills. Tabulated data were correlated with 
mammographic and histopathologic findings after these results 
were obtained. 

In all cases, preoperative localization was performed by the 
radiologists using a hooked wire technique.” An excisional bi- 
opsy was performed in the operating room using local or general 
anesthesia. All specimens were examined radiographically after 
excision to verify that the lesion was totally removed. 

Pathologic examination of the specimens was done by an in- 
vestigator blinded to the mammographic interpretation. The bi- 
opsy specimens were embedded in paraffin wax, cut in multiple 
sections, and processed in standard fashion. For this study, 
breast cancer was classified as ductal or lobular and in situ or 
invasive. Histologic findings in each biopsy specimen were tab- 
ulated and added to our database. 

Statistical methods used when appropriate included x° anal- 
ysis with Yates’ correction, Fisher’s Exact Test, Student's t test, 
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and multivariate analysis. Statistical significance was defined as 
P=.05. 


RESULTS 


Suspicious mammographic findings included mass le- 
sions (51%), calcifications (38%), and the association of 
both (11%). Of a total of 1144 lesions, 269 cancers were 
identified in 255 patients for an incidence of 24%. Of these 
malignant neoplasms, 75% were invasive. Isolated ductal 
carcinoma in situ (DCIS) was found in 66 specimens. The 
mammographic and histologic distribution of breast can- 
cer and the associated age distribution are shown in the 
Table. 

As demonstrated in a previous study,’ only age ap- 
peared to be a significant clinical risk factor for breast can- 
cer in this group of patients. Patients with malignancy 
were on average older (mean age, 62.1 years) than patients 
with benign lesions (mean age, 54.9 years) (P<.001). Age 
had a significant predictive value for malignancy in pa- 
tients with mammographically detected masses (Fig 1). Of 
the patients with cancer, those with calcifications were sig- 
nificantly younger than those who presented with a mass 
lesion (Table). Furthermore, patients with invasive dis- 
ease were older (mean age, 63.3 years) than patients with 
noninvasive cancer (mean age, 58.5 years) (P<.001). Using 
multiple logistic regression, a 1.035 overall increased risk 
of invasive cancer per year was determined (Fig 2). 

The majority of DCISs presented as isolated calcifica- 
tions; however, 36% of patients presented with a mass. A 
58% incidence of invasive cancer was detected for lesions 
characterized by calcifications, while the incidence of in- 
vasive cancer was 84% for isolated mass lesions (P<.001; 
relative risk [RR], 4.31). Figure 3 illustrates the relationship 
between invasive cancer, mammographic findings, and 
age. 

y NAR lobular carcinoma was identified in 33 speci- 
mens and presented mostly as a mammographic density 
(88%; P=.018). Lobular carcinoma in situ was present in 
54 (5%) of 1144 specimens, 56% of which had additional 
ductal (in situ/invasive) or invasive lobular cancer. 


COMMENT 


The heterogeneous nature of breast cancer is well 
known. Several studies have documented the difference 
in survival manifested by the different biologic behaviors 
of breast cancer. *®? Some authors”? have argued that the 
microscopic and gross forms of DCIS should receive sep- 
arate consideration when treatment options are consid- 
ered. Mueller’ has suggested that women with stage II 
breast cancer have a different type of tumor than women 
with stage I cancer. This wide variation in biologic behav- 
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Fig 1.—/ncidence of breast cancer in biopsy specimens for mam- 
mographically suspicious lesions. 
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Fig 2.— Incidence of invasive cancer in 269 nonpalpable breast can- 
cers (relative risk, 1.035/y). 
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ior and our lack of knowledge about tumor-host interre- 
lationships add to the complexity of treatment decisions. 
A better understanding of the presentation of nonpalpable 
breast cancer and its biologic behavior will result in im- 
proved decisions. 

This study highlights the marked heterogeneity of 
breast cancer, even in its early stages. Differences in mam- 
mographic presentation, clinical features, and histologic 
distribution are observed. In this group of patients with 
occult lesions, age is a significant clinical risk factor for the 
presence of breast cancer, specifically for the presence of 
invasive cancer. Patients with invasive cancer were gen- 
erally older than patients with noninvasive disease regard- 
less of mammographic presentation (Table). Using mul- 
tiple logistic regression, a 1.035 increased risk of invasive 
cancer per year was identified for patients with nonpal- 
pable breast cancer (Fig 2). 
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Fig 3.— Incidence of invasive cancer according to mammographic 
finding (P<.001 for mass lesions vs calcifications; relative risk, 4.31 
for mass lesions). 


The mammographic presentation also helped predict 
the nature of the cancer. The clinical features and histo- 
logic characteristics of nonpalpable breast cancers present- 
ing as mammographic masses are different from those pre- 
senting as calcifications. Isolated mammographic 
calcifications associated with cancer appear in a younger 
population, regardless of histologic type. Furthermore, 
they are highly associated with noninvasive ductal cancer 
(Table). Breast cancer presenting as a mammographic 
mass tends to appear in an older group and is highly as- 
sociated with the presence of invasive disease (RR=4.31 
compared with calcifications alone) (Fig 3). Invasive lob- 
ular breast cancer presents mostly as a mammographic 
density (29 [88%] of 33 specimens). 

Data from other studies correspond with the findings 
described here. In a recently published series of 237 occult 
breast cancers," the presence of noninvasive cancer in pa- 
tients younger than age 50 years (34 [40%] of 85 cases) was 
significantly greater ‘han the presence of invasive cancer 
(39 [26%] of 152 cases) (P = .032 by x? analysis with Yates’ 
correction), suggesting that age is a significant risk factor 
for invasive cancer. Furthermore, in that study, calcifica- 
tions were associated with 85% of the DCISs, while 89% 
of the mass lesions represented invasive cancer. In a study 
by Marrujo et al,” the authors noted that invasive cancer 
affected an older population (mean age, 65 years), and the 
mammographic appearance was that of a mass in most 
cases. 

Ductal carcinoma in situ has become clinically much 
more important since the advent of routine, high-quality 
mammography. The 1978 American College of Surgeons 
National Survey showed that only 0.84% of the 24 000 new 
breast cancer cases recorded that year were in the DCIS 
category.” In our series, isolated DCIS represented 25% 
of the detected cancers. This figure is similar to the 22% 
of all new breast cancer cases reported by Lagios et al.’ 
The majority of isolated cases of DCIS present as mam- 
mographic calcifications (Table). Interestingly, the pa- 
tients with DCIS presenting as mammographic masses 
were significantly older than those patients presenting 
with isolated calcifications. 

In this study, DCIS was identified in 195 (72%) of 269 
specimens testing positive for cancer. Furthermore, inva- 
sive ductal carcinoma was associated with DCIS in 129 
(72%) of 180 cases. This indicates that DCIS might rep- 
resent a marker for invasive cancer. Whether DCIS is a 
precursor lesion is subject to controversy. The extent of 
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DCIS and the likelihood of occult invasive carcinoma oc- 
curring within the residual lesion have been previously 
described.™ 1!" The extent of the disease also correlates 
with the likelihood of nodal involvement.'® Whether mul- 
tifocal disease is an extension of an isolated focus or a de 
novo process is not known. 

Lobular carcinoma in situ was present in 57 (5%) of 1144 
biopsy specimens. This lesion is associated with a signif- 
icant risk of developing subsequent invasive carcinoma, 
which, after 20 years of follow-up, may be as high as 20% 
to 30% with equal frequency in the breast undergoing the 
biopsy and the opposite breast.’”’'* In our study, 32 (56%) 
of 57 specimens with lobular carcinoma in situ had ad- 
ditional ductal (in situ/invasive) or invasive lobular car- 
cinoma, suggesting that it is a significant marker for the 
presence of breast cancer. 

Although the best hope for improving survival is early 
detection, this has given rise to new questions and con- 
troversies in an already rapidly evolving field. Do all pa- 
tients with amammographic abnormality need to undergo 
a biopsy? Are we discovering cancers that would have 
never presented clinically? After the cancer is detected, 
which patients require further treatment? Although this 
study does not answer these questions, it does offer some 
insight into the biologic behavior of early breast cancer. 

Our study identifies mammographic, clinical, and his- 
tologic features that characterize patients with nonpalpa- 
ble breast cancer. Mammographic calcifications associated 
with breastcancer tend to present in a younger population 
and are significantly associated with DCIS. Breast cancer 
detected as a mammographic mass tends to present in an 
older population and is significantly associated with in- 
vasive cancer. These findings describe population char- 
acteristics; applying these characteristics to individual 
cases must be done with caution since the disease spec- 
trum is continuous. Long-term follow-up of these patients 
will help to better define the natural history of breast can- 
cer. 
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Discussion 

ALEXANDER J. Watt, MD, Detroit, Mich: Jerry Shuck was once 
a semiprofessional pitcher, and I regard him as a semi-Sandy 
Koufax of academic surgery as he has a wide array of pitches. 
Consequently, when I viewed the title of this article, “Not All 
Nonpalpable Carcinomas Are Alike,” my first observation was 
that all palpable carcinomas are not alike either. So we can let that 
one go by and call it “ball one.” The authors state that increased 
screening produces an increased number of unsuspected carci- 
nomas and that this phenomenon has grown greatly during the 
last decade. Of the unsuspected carcinomas discovered in this 
Cleveland, Ohio, series, 22% were in situ. That figure is pretty 
well within the ballpark. Other institutions have reported figures 
up to about 40% and all agree that shadows and microcalcifica- 
tions become more ominous the older the patient is. Strike one. 

The next point to consider is the Cleveland benign-malignant 
ratio, which in this series was 3:1. That is a very good figure for 
the United States where a number of urban areas report ratios 
of 9:1, 16:1, and a variety of other excessively high figures. What 
we should be aiming at is the sort of figures achieved by the 
Scandinavians and Western Europeans, which tends to be 1:1. 
In those carefully followed up series, there has been no apparent 
significant adverse outcome from any delay that may have oc- 
curred in the course of achieving this positive predictive value 
of 50%. So I commend you on having a 3:1 ratio, which is very 
good for this country. Strike two. There is no doubt in my mind 
that we still play unjustified tic-tac-toe on women’s breasts. For- 
tunately, studies like this have stimulated the development of 
formal mammographic guidelines, which should soon be pub- 
lished by the American College of Radiologists. When the Amer- 
ican College of Radiologists produces their guidelines, we will be 
relieved of our currently high level of predictive positive values 
and associated embarrassment. 

Dr Shuck has produced some valuable data that build a spring- 
board for new clinical decisions forced on us by screening pro- 
grams. If ever there is a national screening program, we as sur- 
geons will have to face these decisions more and more. Dr Shuck 
would have delivered strike three had he answered some of the 
following questions. You stated that identification of heteroge- 
neity “. . . might help recognize groups of patients likely to ben- 
efit uniquely from one treatment strategy or another.” However, 
I do not see any correlation attempted between histology and 
management in your series beyond the broad classification into 
in situ or invasive. Did you find a disproportionate number of 
the less common and less threatening subsets, such as tubular, 
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colloid, papillary, or cribriform carcinomas in the screened 
groups, as some other people have found? Screened lesions seem 
to be somewhat more benign than other lesions. 

Could you correlate the type of microcalcification on the mam- 
mograms with the type and extent of the lesion and so perhaps 
reduce the need for subsequent reexcision or even possibly local 
recurrence? For instance, it seems that linear microcalcifications 
reflect the presence of a comedocarcinoma, and with these mam- 
mographic patterns such a lesion will tend to extend toward the 
areola. Have you in your practices—I am not sure if they should 
or should not—tended to do more wedge-shaped excisions, 
bringing the excision toward the areola where some of the 
comedo change will be present? Conversely, I think that at least 
some of the scattered fine microcalcification patterns do not re- 
flect the full extent of the lesion clinically and that this sort of 
mammographic lesion requires a wider excision than one might 
surmise from the mammogram. Have you drawn any such de- 
ductions from your study and what are you in fact doing in your 
practices? 

You imply that we should be seeking a more biological ap- 
proach in view of the heterogeneity of these lesions. So, along 
these lines, have you measured C-erb-b2 expressicn in these var- 
ious groups? Whether or not you have, do you see any future 
value to this in helping to determine which of these lesions may 
be more biologically aggressive than others? Following these 
lines, you might finally help move toward the decision of whether 
all women should have adjuvant chemotherapy or not, whether 
all women should have adjuvant radiotherapy or not, or when 
the conservation route is not desirable. 

GeorcE E. Brock, MD, Chicago, Ill: Good morning. Drs France- 
schi and Shuck invited Dr Walt and me to discuss this article, 
ensuring a cultural and surgical dialectic. The contents of this 
article are important and I am impressed by its value. It can be 
distilled into some simple figures. Approximately 1000 patients 
had abnormal mammogram results; of these abnormal mammo- 
grams, about one fourth had what the authors labeled a cancer. 
Of the entire group, 10% had noninvasive cancers, either DCIS 
or lobular carcinoma in situ. 

If we encounter an invasive carcinoma, it is obvious that the 
patient needs further treatment, whatever the treatment du jour 
is at your institution. A more perplexing question arises from the 
article; what is the treatment or the appropriate follow-up for the 
patients who have these noninvasive lesions, particularly DCIS? 
From your observations, these noninvasive ductal carcinomas 
are more commonly associated with the calcific lesions. If you 
now encounter a patient with suspicious mammogram results 
who has calcifications, will you excise a wider piece of tissue than 
merely coring out the area adjacent to the needle? Many author- 
ities feel that an isolated DCIS is not too serious a problem, but 
if this is a field change, this predicts invasive carcinoma, either 
occultly present at the time of biopsy or destined to occur. 

After your biopsy is performed, what is your next step in the 
algorithm? Do you advise merely watching the patient or per- 
forming a simple mastectomy or bilateral mastectomy? Some ra- 
diotherapists have taken the next step from the radiation of in- 
vasive carcinoma to irradiating these benign lesions, although 
there are few data to support the concept that radiation of these 
lesions is effective. You noted that fibrocystic condition did not 
correlate with malignant change. I should emphasize that in the 
article the term fibrocystic disease is used, but this situation has 
been universally downgraded and is now termed either fibrocystic 
conditien or change. In your multivariant analysis, was the fibro- 
cystic change or condition diagnosed as a clinical impression or 
by histologic confirmation? Based on your observations, do you 
conclude that the recommendation of the American Cancer So- 
ciety and the American College of Radiology to have mammo- 
grams performed every 2 years after the age of 40 years is valid? 
If not, what is your schedule? Finally, for these 1000 patients with 
abnormal mammogram results, how many patients in total were 
screened? 
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Dr Snuck: It was with trepidation that we asked these discus- 
sants to take the podium, particularly back to back. Dr Walt, Ihad 
never strived to be a “Hall of Famer”; I just wanted to be in the 
ball game, and I appreciate the opportunity from the Association 
for allowing us to be in this game. I do appreciate your comments. 
They were well focused. This is probably the largest series that 
has been analyzed and blinded by the same group of radiologists 
and histologists. These:data are extremely useful, yet we do not 
know exactly how to project this information in future decisions. 

In answer to the questions about the disproportionate number 
of patients with the “add type” of in situ lesions like tubular, 
colloid, and papillary, those numbers were not disproportionate. 
They were a very small number and were included among the 
in situ group. There was no correlation between the extension 
of calcification and the distribution of the lesions. We have gone 
to performing a very generous biopsy these days, mainly because 
(in answer to one of Dr Block’s questions) the carcinomas in situ 
are apparently markers. We are seeing a 57% correlation between 
the in situ carcinomas and the invasive carcinomas in the same 
sample. 

There was an 18% noce positivity overall, a 17% node positivity 
in the mass lesions, amd 2 13% node positivity in the invasive 
lesions with calcification. Those numbers are not statistically dif- 
ferent. Once we understand the biologic nature of this disease 
more clearly, we will probably apply treatments (utilizing patho- 
logic data) that are more biologic and less extirpative. 
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No, we do not have gene expression data. On a representative 
sample, we do have the ploidy data on the lesions. Dr Block, you 
are correct in most of your statements, but you always make it 
so painful fer me when you are telling me what is correct. We 
are now doing wide excisions, going more toward the areola in 
all of these lesions because of what we learned in the early part 
of the study. Even though the study has been prospective, we 
began taking larger and larger samples and found that when a 
repeated excision or a mastectomy was performed, we noted the 
high rate of multifocal disease. 

The question regarding our recommendations for mammog- 
raphy, I do not have an answer for that. It is very hard to control 
the population we are actually operating on. That is why I cannot 
give you the denominator of all mammograms from which these 
1000 cases came. Most of those patients were referred. Dr Joe 
Crowe, whoruns our breast cancer program, has a special breast 
cancer clinic for these referred patients, and many of these pa- 
tients were enrolled. It is a skewed sampling. 

When should we get mammograms? I do not know when to 
get mammograms, but I honestly think we get them too often. 
Should every patient with a calcification who is very young have 
an extensive operation? No. We think that since age is such an 
important driver of the decision process because of these data, 
an older patient may get a more extensive procedure when a 
younger patient would get a less extensive procedure, especially 
if the findings were only calcifications. 
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Modulation of IgM Antibody Formation 
by Lipid Peroxidation Products 
From Burn Plasma 


Philip D. Thomson, PhD; Gerd O. Till, MD; David J. Smith, Jr, MD 


è Lipid peroxides (conjugated dienes) have been shown to 
increase in the plasma of thermally injured animals and in 
humans. The purpose of this study was to determine if con- 
jugated diene-rich fractions extracted from the plasma of 
burned rats 3 hours after injury would alter humoral immune 
function in unburned animals. Plasma diene extracts from 
burned or normal rats were dissolved in ethanol and given 
intraperitoneally to Long-Evans rats. Fifteen minutes after 
diene injection, the rats were immunized with sheep eryth- 
rocytes. Five days later, serum and spleen cells obtained 
from these immunized rats were tested for IgM immunity 
against sheep erythracytes. Both plaque-forming cells from 
spleen and hemagglutination titers in serum were signifi- 
cantly enhanced in the group treated with dienes obtained 
from the thermally injured rats. These data suggest that con- 
jugated diene-bearing lipid fractions from burn plasma may 
modulate immune function and support the concept that 
humoral immunity is enhanced after thermal injury. 
(Arch Surg. 1991;126:973-976) 


ee peroxidation is acommonly accepted consequence 
of thermal injury. Previous investigations have shown 
that levels of products of lipid peroxidation (conjugated 
dienes) are elevated in the plasma of both animal’ and 
human** subjects after burn injury and may persist for as 
long as 8 days after injury.? We have shown that these 
conjugated diene—containing lipid fractions are capable of 
altering [gM antibocy production in a heterologous mu- 
rine system.” The present study was designed to inves- 
tigate this immunomodulation ina homologous rat model. 


SUBJECTS AND METHODS 
Animals 
Adult Long-Evans rats weighing 300 to 350 g (Charles River 
Laboratories, Portage, Mich) were used in all experiments. An- 
imals were housed in the Unit for Laboratory Animal Care and 
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their care was supervised by veterinarians. All experiments were 
performed in accordance with National Institutes of Health 
guidelines.° 


Conjugated Dienes 

Rats were anesthetized with xylazine (13 mg/kg; Miles Labo- 
ratories, Shawnee, Kan) and ketamine hydrochloride (100 mg/kg; 
Park Davis, Morris Plains, NJ). Rats were divided into two 
groups. In one group, hair was removed from skin over the back 
and this skin was exposed to 70°C water for 30 seconds. This 
exposure resulted in a partial-thickness burn of approximately 
30% body surface area. The other group was shaved but not 
burned. Three hours after the injury, when conjugated dienes in 
plasma are known to beat their peak level, the animals were killed 
by exsanguination and cervical dislocation. Blood from the in- 
ferior vena cava was collected in 10-mmol/L ethylenediamine tet- 
raacetic acid and centrifuged at 2000 rpm for 10 minutes at 4°C 
for harvesting plasma. The conjugated diene-rich lipid fraction 
was extracted from the plasma using chloroform-methanol’” 
dried under nitrogen flow and stored at — 20°C in a nitrogen 
atmosphere to prevent further oxidation. When used, dienes 
from 4 mL of plasma were dissolved in 0.4 mL of 95% ethanol 
and brought to a volume of 1.0 mL in Dutton’s balanced salt 
solution (DBSS) for injection. An aliquot of each sample was 
assayed for conjugated diene content by spectrophotometry at 
233 nm. 


Immune Function 

Rats were given 4-mL plasma equivalents of either burn or 
normal extracted conjugated diene fractions in a volume of 
1.0 mL of ethanol/DBSS intraperitoneally. Fifteen minutes after 
conjugated diene injection, these rats were given 5 x 10° washed 
sheep erythrocytes (SEs) intraperitoneally in 0.5 mL of DBSS. 
Control rats were given conjugated dienes from the plasma of 
normal rats that were not burned and SE, ethanol/DBSS and SE, 
or SE alone. There were two rats in each treatment group and 
experiments were repeated six times to produce 12 rats in each 
group. 

Five days after immunization, rats were anesthetized with ket- 
amine, exsanguinated by cardiac puncture, and killed by cervical 
dislocation, and their spleens removed. 

Blood samples were allowed to clot at room temperature and 
serum was harvested after 1 hour. Serum was placed in twofold 
serial dilutions and anti-SE hemagglutination titers (IgM anti- 
body) were determined as the reciprocal of the dilution. 

Spleens were pressed through 80-mesh stainless steel screens 
into 4°C DBSS to produce single-cell suspensions. Recovered 
spleen cells were washed thrice in DBSS and kept cold until used. 
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The Effect of Conjugated Dienes From 4 mL of Burned 
Rat Plasma on the IgM Plaque-Forming Cell (PFC) 
Response and Antibody Titer of Normal Rats to Sheep 
Erythrocyte (SE) Antigen 












SEs and 
SEs Ethanol 
Alone Control 












PFCs/10°® 


Spleen 
Cells 1556+236 2018+240 1204+161 5159+969* 
IgM Titer 1:32 1:64 1:64 1:512* 





*P<.05 compared with ethanol control. 


These spleen cell preparations were used to determine anti-SE- 
producing cells by the slide modification?’ of the Jerne plaque 
assay.’ Spleen cells and SEs were incubated in an agarose matrix 
for 1.5 hours at37°C. The direct (IgM) plaque-forming cells (PFCs) 
were enumerated 4 hours after incubation at 37°C in a one-to- 
eight solution of guinea pig complement in DBSS. 


RESULTS 

Spectrophotometric analysis showed that the extracted 
lipid fraction from burned animals contained higher levels 
of conjugated dienes (mean, 1.6 absorbance units) than 
those from controls (mean, 0.6 absorbance units) read at 
233 nm. 

Antibody response results were expressed as mean 
number of PFCs per million spleen cells and serum titers. 
The Table shows the results of the PFC and hemaggluti- 
nation assays. There was a consistent elevation in the PFC 
response throughout all experiments in the rats treated 
with conjugated dienes from burn plasma. Compared 
with controls, conjugated dienes from burn plasma sig- 
nificantly enhanced the humoral IgM PFC response to the 
T-cell-dependent antigen SE. The hemagglutination assay 
data paralleled the PFC data and showed an increased titer 
to SE in the rats treated with conjugated dienes from burn 
plasma. 


COMMENT 


The effect of thermal injury on the humoral immune 
response has been extensively discussed but remains an 
enigma. Previous studies may not be comparable as they 
have used various methods of inducing thermal injury, 
various antigens, and have explored various times after 
burn trauma. Daniels et al, !™}? Munster et al,” and Bjorn- 
son et al'* provided evidence of decreased levels of serum 
immunoglobulins after burn injury, but did not explore 
specificity of these immunoglobulins. Alexander and 
Moncrief'**© showed depressed primary response of hu- 
man adults to alligator erythrocytes and depressed hu- 
moral response of mice to human erythrocytes on day 4 
after injury. The work of Miller and Trunkey”’ and Miller 
and Baker’? support the concept of suppression of anti- 
body production in both human and mouse models. On 
the other hand, Baar”? and Gleich etal” reported increased 
nonspecific immunoglobulin response after thermal in- 
jury. Likewise, Rapaport and Bachvaroff* provided data 
to support the concept of elevated anti-SE antibody level 
in burned mice. 

These conflicting reports may be interpreted to suggest 
that some mechanism modulates immunoglobulin pro- 
duction after burn injury. However, there remains the 
question of timing. Suppression has been shown to occur 
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between days 3 and 30 (peak, 3 to 9 days) and enhance- 
ment between days 1 and 30 (peak, 5 to 22 days). The 
mechanism of this enhancement is not readily apparent, 
but other investigators? have suggested that the burn 
wound may release a factor or factors capable of enhancing 
humotsal responsiveness for up to 14 days after injury and 
that these factors did not appear to be endotoxins. Our 
preliminary evidence suggests that there are equal quan- 
tities of endotoxin (<10 ng/mL) in both normal plasma and 
burn plasma from which diene preparations were ex- 
tractec when tested by limulus lysate (E-Toxate, Sigma 
Chemzcal Co, St Louis, Mo) and this suggests as well that 
the enhancement observed is due to a factor other than 
endotexin. 

Although it remains unclear how this modulation is ini- 
tiated, it appears that the conjugated diene-rich lipid frac- 
tion from the plasma of burned animals, whether homol- 
ogous or heterologous,” as early as 3 hours after injury, 
is capable of enhancing IgM production to a T-dependent 
antigen SE. It is possible that accessory cells (macro- 
phages) may be the regulatory cell and that conjugated 
dienes, short-chain lipids, may act as the modulator switch 
through surface receptors for lipid fractions. It is possible 
that the lipids involved are not conjugated dienes, but they 
are present in the fraction in more than twofold greater 
quantities than in control fractions. 

The question of suppression vs enhancement may be as 
simple as the timing of antigen presentation in relation to 
the injury (presence of conjugated dienes), or may be re- 
lated t the quantity of conjugated dienes present when 
antigen presentation occurs. These factors may be influ- 
enced by size and depth of injury and/or type of burn. 
Further investigations must be made to resolve these is- 
sues. 

Some investigators may believe that the humoral re- 
sponse does not influence patient outcome after thermal 
injury and, therefore, the study of it is unimportant. How- 
ever, Since T-cell functions are altered, it may be assumed 
thatimmunoglobulin production to T-dependent antigens 
should also be altered. Therefore, regulatory mechanisms 
to preserve humoral immune function when cellular im- 
mune ‘function is suppressed may be necessary to prevent 
total immune collapse following burn trauma. Consider- 
ing ths information regarding immunoregulation early af- 
ter bucn injury, the use of certain vaccines, immunoglo- 
bulin preparations, and antioxidants without a more 
compte understanding of the humoral immune system 
may be unwise. 


We wish to thank Margaret Tait, Norman Moore, and John Paul 
for ther excellent technical assistance with this research. 
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Discussion 

Gary F. Purdue, MD, Da_las, Tex: Immune dysfunction remains 
one of the perplexing problems of burn care today. While enor- 
mous strides have been made in the areas of wound management 
and critical care, little has been done to alter the drastic changes 
occurring in the immune system. I have three questions and a 
comment. 

What are the IgM levels in the burned rat itself? If you had 
injected the sheep red blood cells into the peritoneal cavity of the 
burned rat, what would the IgM response in those animals be vs 
your measured levels in nonburned rats? 

Chloroform methanol extraction acts to remove all plasma lip- 
ids, not just the conjugated dienes. As these various lipids are 
known to act as immune adjuvants at least as well as Freund’s 
adjuvants, do you have any data to know that you were using 
pure conjugated dienes uncontaminated by other substances? 
Because three sets of paired animals for each of the arms appears 
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to be relatively few animals, what statistical methods were used 
to show significance? The one comment is that IgM levels have 
not correlated with decreased host resistance in burn patients. 
IgM levels have been shown to increase sharply in response to 
various vaccines such as antipseudomonal and gram-negative 
vaccines. This has occurred whether or not the beginning 
levels were normal or depressed. Thus, much research is still 
required in this area, for which this article presents one part of 
the puzzle. 

Dona.p Trunkey, MD, Portland, Ore: I have a couple of ques- 
tions. You stated that the material was injected into the perito- 
neum of the mouse. Are you sure that you did not just stimulate 
the peritoneal macrophage? Did you do any controls to obviate 
this problem? 

The implication in the article is that lipid peroxidation may be 

a plus for the immune system. I think there is a lot of evidence 
that would argue just the opposite. How do you know that this 
is not one small part of the postinjury period. You may be getting 
up-regulation or maybe even down-regulation of the compo- 
nents of the immune system that will take time to document. I 
think it would be wrong to imply that lipid peroxidation is a good 
thing. 
Dr Smr: I would like to thank Drs Purdue and Trunkey for 
their very insightful questions. Briefly, about the IgM levels, 
Gary, I cannot give you actual values for serum IgM, only titers. 
We have looked at these values in both the heterologous animal 
system and in this homologous system and the data carry 
through in both systems. 

About conjugated dienes, the question of contamination may 
be appropriate based on our sampling; however, endotoxin levels 
in the controls and in the test dienes are equal. In our work with 
Dr Gerd Till, it appears that this extraction system gives us the 
most pure specimen of conjugated dienes that we can get. 

The other issue is what that real level of conjugated dienes 
represents. Even if you think the dienes are pure, there are clearly 
a number of factors within the lipid fraction, as dienes are a mea- 
sure of lipid peroxidation as opposed to a specific entity. 

Yes, I would agree that the number of animals is relatively few. 
We have carried the study further since this work was submitted 
and may be able to present more data at a later time. 

Dr Trunkey, we have done the intraperitoneal controls. All of 
the control animals received peritoneal injections. The slide 
shows data from animals that received normal dienes and/or SE 
intraperitoneally. We feel that the stimulation seen is not due to 
the injection. 

I think your comment about the relationship between the con- 
jugated dienes and what they represent is absolutely appropri- 
ate, and I hope that I did not say that lipid peroxidation was 
beneficial. I thought what I said was that it may have an effect 
on the humoral response in this particular system. What we are 
trying to do is exactly what you suggest, which is to dissect the 
different parts of the system. 

I think the human data showing that conjugated dienes are 
present 15 minutes after injury and that they last as long as 8 days 
after injury are relatively new. We wanted to take that informa- 
tion and determine if the response to injury had an effect on other 
systems, specifically the immune system of the burn patient, and 
apparently it does. 

Now the impact of that finding is unknown, and whether 
dienes will subsequently up- or down-regulate the system over 
time and concentration, I do not know. But obviously, we have 
got those studies in progress. Thank you very much. 

(See next page for Commentary). 
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nvited Commentary 


This article points out two topics of considerable mterest 
and controversy in the area of burn injury and, for that matter, 
critical illness. 

The first area relates to the increasing interest in the role of 
tissue inflammation and its by-products in the pathephysi- 
ologic characteristics of burn injury. Oxidants are now be- 
lieved to play a major role in cellular changes. Lipid perox- 
idation results from these oxidant changes occurring atthe cell 
membrane, and circulating conjugated dienes result from the 
lipid peroxide that can be used to monitor these membrane 
changes. What remains unclear is the relevance of tne per- 
oxidation process. Does lipid peroxidation cause cell irjury or 
does cell injury result in lipid peroxidation? In this study, the 
circulating conjugated dienes were believed to have a positive 
modulating effect on the immune system. However, +t is im- 
portant to remember that where there are oxidants, «here is 
invariably an array of other inflammatory mediators, includ- 
ing endotoxin, following burns in animals or humans. These 
are likely to be more in burn plasma than simply in additional 
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Correction 


The article entitled “Inguinal Eerniorrhaphy: Reduced Morbidity by Service 
Standardization,” published ir the May Arcnives “1991;126:628-630), had an 
incorrect reprint address. The reprint address on Dage 628 should have read 
as follows: 2000 North Village Ave, Rockville Cent-e, NY 11570 (Dr Deysine). 


conjugated dienes, an issue that needs to be addressed in fur- 
ther studies. 

Thesecond area relates to the very complicated and confusing 
field cf postinjury immunologic changes. The very fact that 
reports of burn injury can be found showing both increasing 
and decreasing antibody production reflects the extreme dif- 
ficulty in assessing what any of these immunologic changes 
actualy mean. The increasing list of factors, in particular the 
cytokines that alter immune function, is further complicating 
the issue. Itis, therefore, hard to assess the significance of the 
observation that burn plasma loaded with conjugated dienes 
increases postburn antibody production. It may well be a sig- 
nificant step toward improved understanding of the relation- 
ship between inflammation and immunologic features in in- 
jured nan. Only time and a vast amount of future research 
will tdl. 

Rogert H. Demuinc, MD 
Boston, Mass 
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Case in point: 


Have you ever discussed your fees with another physician? 

Or shared your feelings about an HMO or PPO plan with other 
MDs in town? Unless the doctors you talked to were your 
partners, you may have violated U.S. antitrust laws and could 
face criminal prosecution. If found guilty of price fixing or 
group boycott, you could be fined, sentenced and stripped of 
your license. 


The American Medical Association, Office of the General 
Counsel, has published this book to help you avoid 
antitrust pitfalls end improve your ability to bargain 
effectively with payors. 





To Order, Call Today: 1-800-621-8335 | 








Price: $5.00 (AMA Members) 
$7.50 (Non-members ) 
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Paper 


Evolution of the Treatment of the Injured 
Colon in the 1980s 


Jon M. Burch, MD; R. Russell Martin, MD; Robert J. Richardson, MD; David S. Muldowny, MD; 
Kenneth L. Mattox, MD; George L. Jordan, Jr, MD 


@ During the past 10 years, 1006 patients with colon injuries 
were treated in an urban trauma center. Primary repair, in- 
cluding suture repair and resection with anastomosis, was 
performed in 614 patients (61%), colostomy in 284 patients 
(28%), and exteriorized repairs in 83 patients (8.3%). In the 
remaining 25 patients (2.5%) who were exsanguinating, the 
colon injuries were ligated. Independent risk factors for ad- 
verse outcomes (defined as a fecal fistula, abdominal ab- 
scess, stomal complication, or death from multisystem fail- 
ure) were identified using multiple logistic regression 
analysis. These factors were used to match patients at similar 
risk within different treatment groups, and odds ratios for 
each treatment were calculated. The odds ratios for primary 
repair, colostomy, and exteriorized repair were 1.0, 1.9, and 
2.0, respectively. Therefore, the chance of an adverse out- 
come was twice as great for both exteriorized repair or co- 
lostomy as for primary repair. It is concluded that further 
increases in the use of primary repair are warranted. 
(Arch Surg. 1991;126:979-984) 


B y the end of World War II, the use of colostomy dom- 

inated the treatment of military and civilian colon 
injuries.” Although some surgeons recognized the po- 
tential role of primary repair, only a few advocated this 
technique until the 1950s.°° As civilian trauma surgeons 
recognized the differences between their civilian and mil- 
itary patients, primary repair became more popular,” ’® 
and by the 1980s, it was the preferred method of treatment 
in several centers.” In spite of this enthusiasm, other 
authorities remained skeptical.***? As a compromise be- 
tween colostomy and primary repair, exteriorized repair 
emerged asa third alternative.**** Currently, all three pro- 
cedures are often employed.'*?"*?*! At our institution, 
the frequency of the three different approaches changed 
considerably during the past decade. The purpose of this 
study was to evaluate the impact of these changes on pa- 
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tient outcome and to determine the appropriate roles of 
primary repair, colostomy, and exteriorized repair in the 
treatment of colon injuries. 


MATERIALS AND METHODS 

From January 1, 1980, to December 31, 1989, 1006 patients with 
colon injuries were treated at the Ben Taub General Hospital in 
Houston, Tex. Patients included in the study met one of the fol- 
lowing criteria: (1) full-thickness injury of the colonic wall, (2) 
ischemia requiring resection, or (3) seromuscular injury requiring 
resection. Data were retrieved from patients’ medical records or 
a detailed surgery departmental log that contained descriptions 
of the patients’ injuries and treatments as well as a narrative of 
complications and deaths. Before surgery, patients received tet- 
anus prophylaxis, and antibiotics were administered according 
to various protocols.***? At the completion of the operative pro- 
cedure, the peritoneal cavity was irrigated with warmed saline, 
the last liter of which contained kanamycin sulfate and bacitracin. 


- The skin was left open at the discretion of the surgeon, and an- 


tibiotic therapy was continued for 48 hours after surgery. 

There were 894 males (89%) and 112 females (11%), ranging in 
age from 3 to 88 years with a mean age of 30 years. The mech- 
anisms of injury were gunshot wounds in 645 (64%) patients, stab 
wounds in 251 (25%), shotgun wounds in 79 (7.9%), and motor 
vehicle accidents in 22 (2.2%). Nine patients (0.9%) suffered colon 
injuries from other causes. At the time of presentation in the 
emergency department, 241 patients (24%) were in shock, de- 
fined as a systolic blood pressure of 80 mm Hg or less. This con- 
dition persisted during the operative period in 128 patients (13%). 

The colon injuries were characterized according to location, 
degree of contamination, and extent of colonic damage. The right 
colon was injured in 270 patients (27%), the transverse colon in 
374 (37%), amd the left colon in 362 (36%). Fecal contamination 
and the extent of colon injury were graded retrospectively based 
on the description of the operating surgeon. The degree of fecal 
contamination was classified as minimal in 599 (60%) patients, 
moderate in 263 (26%), and severe in 138 (14%). In six patients, 
the degree of contamination could not be determined. The colon 
injury was judged to be “extensive” if resection was required or 
if more than 50% of the circumference of the colon wall was lac- 
erated. Of 252 patients with extensive colon injuries, 218 (87%) 
required resection. Seven hundred fifty-one patients were con- 
sidered to have “routine” injuries. The extent of the colon injury 
could not be determined in three patients. 

Four different methods were used to treat the colon injuries. 
Primary repair was performed in 614 (61%) patients, including 
suture repair in 564 (56%), resection with ileocolostomy in 36 
(3.6%), and resection with colocolostomy in 14 (1.4%). Colos- 
tomies were performed in 284 (28%) patients. Exteriorized repairs 
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Table 1. .— Frequency of Various Treatments According 
to Location for Patients With Routine Colon Injuries* 


No. (%) of Patients by Locatien 


Transverse Left 
239 (81) 154 (60) 
14 (7.3) 36 (12) 54 (21) 
Exteriorized repair 5 (2.6) 19 (6.5) 50 (19) 
Total 191 294 258 
*Excludes eight patients treated with ligation. 


Treatment Right 


Primary repair 172 (90) 


Colostomy 





Table 2. aa ad of Various Treatments According 
to _ocation for Patients With Extensive Colon Injuries* 


No. (%) of Patients by Location 


Transverse Left 

6 (8.8) 2 (2.1) 
29 (40) 58 (85) 92 (96) 
Exte-iorized repair 3 (4.1) 4 (5.9) 2 (2.1) 
Tota 73 68 96 
*Exclades 15 patients treated with ligation. 


Treatment Right 
Primary repair 41 (56) 


Colestomy 





Table 3.—Frequency of Infec-ious and Stomal Complications According to Repair* 


Abdominal 
Abscess 


34 (5.7) 13 2.2) 
40 (15) > (1:2) 
5 (6.1) 0 


Treatment 
Primary repair (n = 592) 
Colostomy (n= 259) 


Exteriorized repair (n = 82) 
Ligationt (n= 3) 1 (33) 0 


*Excludes patients who died of exsanguination. 


Necrosis 





No. (%) of Complications 


Peristomal 
Evisceration 


Stomal 
Obstruction 


Stomal 


9 (3.5) 
1 (1.2) 
1 (33) 


tincludes three patients who survived long enough to have colostomies fashioned 


were performed in 83 (8.3%) patients. If the suture line remained 
secure by the 10th postoperative day, the exteriorized »epair was 
returned to the abdominal cavity. This was successfully accom- 
plished in 49 (59%) of 83 patients. If the suture line failed prior 
to that time, the exteriorized portion was fashioned into a loop 
colostomy. In 25 severely injured patients suffering frem shock, 
coagulopathy, and acidosis, the colon injuries were ligated with 
umbilical tape. These patients were taken to the surgica intensive 
care unit for further resuscitation; three survived long 2nough to 
be returned to the operating room, where the ligated colon was 
converted to a colostomy. 

The selection of treatment of colon injuries was based prin- 
cipally on the extent of the colon injury and its location. Patients 
with routine injuries were candidates for primary repair regard- 
less of the location of the wound (Table 1). Primary repairs were 
performed in 565 (76%) patients with routine injuries. Extensive 
injuries of the transverse and left colon were usually treated with 
colostomy (Table 2). Of 164 patients with such injuries, 150 (91%) 
were treated with colostomy, excluding those treated with liga- 
tion. In contrast, 41 (56%) of 73 patients with extensive injuries 
of the right colon were treated with primary repairs. Thirty-three 
(80%) of these primary repairs were resections reconstructed with 
ileocolostomy. Exteriorized repairs were used mostly tor routine 
wounds of the transverse and left colon. Ligations oë colon in- 
juries were employed without regard to the extent or ocation of 
the injury. 

During the first half of the study, virtually all suture lines were 
created with a two-layer closure using running 3-0 polyglycolic 
acid sutures for the inner layer and interrupted 3-0 s Ik sutures 
for the outer layer. During the second half of the study, 77 (28%) 
of 271 primary repairs were performed with a single-layer run- 
ning closure using 3-0 polypropylene suture. Three patients un- 
derwent stapled anastomoses, and in 15 patients the technique 
of repair could not be ascertained. 


RESULTS 
One hundred five (10.4%) patients diec. Exsan- 
guination was the cause of death in 70 (67%) patients, and 
multisystem failure (MSF) was the cause of death in 26 
(25%). Nine patients died of a number of other causes un- 


980 Arch Surg—Vol 126, August 1991 


related to the colon injury or its treatment. 

Since death from MSF may have been related to the 
treatment of the colon injury, the following analyses were 
made to determine if a particular procedure was more 
likely to be associated with death from this cause. Using 
a univariate analysis, 12 risk factors that correlated with 
death from MSF were identified. These risk factors were 
subjected to stepwise multiple logistic regression analysis, 
and the following five independent risk factors for death 
from MSF emerged: shock (P = .0027), age (P = .0068), es- 
timated blood loss (P = .0084), a solid abdominal organ in- 
jury (? =.023), and fecal contamination (P = .040). These 
factors were used to compare patients at similar risk within 
the diferent treatment groups and calculate odds ratios for 
death from MSF. With primary repair as a reference (odds 
ratio, 1.0), the odds ratio for colostomy was 2.29. Although 
the chance of dying of MSF when colostomy was per- 
formed was more than twice that with primary repair, the 
difference was not significant (P=.14). A similar result 
was cbtained for exteriorized vs primary repair. 

Complications related to the colon injury or its treatment 
were not infrequent. Eighty patients (8.0%) developed 
intra-abdominal abscesses, and 16 (1.6%) developed fecal 
fistulas. Complications related to the creation of stomas 
and exteriorized repairs in patients so treated included 
stomal necrosis in 10 patients (2.9%), stomal obstruction 
in fiv> (1.5%), peristomal evisceration in five (1.5%), and 
peristomal abscess in one (0.3%). Table 3 lists the above 
complications according to repair. All of the complications 
either mandated reoperation or contributed to the death 
of the patient. 

Ananalysis was performed to determine whether a par- 
ticular procedure was more likely to be associated with an 
“adverse outcome.” Adverse outcome was defined as fecal 
fistula, stomal complication, intra-abdominal abscess, or 
deatk from MSF. Using a univariate analysis and multiple 
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Fig 1.—The changes in causes of death that occurred during the 
study period. The bar graphs for each year represent the number of 
patients seen in that year. Tne scale on the right represents the me- 
dian delay from admission to operation. Closed circles represent 
death from multisystem fai'ure; closed circles, death from exsan- 
guination; and squares, time from admission to operation. 
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Fig 2.—The changes in frequency of all treatments that occurred 
during the study period. Note the abandonment of exteriorized re- 
pair and the emergency of ligation. Closed circles represent primary 
repair; open circles, colostemy; squares, exteriorized repair; and 
triangles, ligation. 


logistic regression similar to those described above, the 
following independent risk factors for an adverse outcome 
were identified: estimated blood loss (P<.0001), an asso- 
ciated solid abdominal organ injury (P = .0003), fecal con- 
tamination (P= .0004), mechanism of injury (P=.0007), 
and age (P=.0102). These risk factors were used to com- 
pare patients at similar risk within the different treatment 
groups, and odds ratios for adverse outcomes were cal- 
culated. Again, with primary repair as a reference (odds 
ratio, 1.0), the odds ratio for adverse outcome and colos- 
tomy was 1.9. For exteriorized repair, the odds ratio was 
2.0. These differences were significant (P = .0302). There- 
fore, the chance of an adverse outcome occurring in pa- 
tients treated with colostomy or exteriorized repair was 
twice that in patients at similar risk treated with primary 
repairs. 

The number of patients with colon injuries fluctuated 
annually (Fig 1). Five hundred ninety-nine patients (60%) 
were treated in the first half of the study, and 407 (40%) 
were treated during the second. While the mortality rate 
remained relatively constant, the causes of death changed 
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considerably (Fig 1). The rate of death from MSF dropped 
from 34% in the first 5 years to 13% in the second, and the 
rate of death from exsanguination rose from 55% in the 
first half to 81% in the second. In response to treating a 
greater percentage of patients at risk of exsanguination, 
the ligaticn of enteric injuries followed by planned reop- 
erations evolved during the last 5 years. Only two of 25 
patients so treated survived. 

The anrual percentage of patients treated with different 
techniques is shown in Fig 2. Although there has been a 
steady increase in primary repairs and a decline in colos- 
tomies, the most remarkable change has been the aban- 
donment af exteriorized repairs. Formerly advocated by 
this institution as an alternative to colostomy, recognition 
of its attendant complications and marginal success rate 
has resulted in its obsolescence. 

Another noteworthy change in treatment occurred in 
patients with routine injuries. The rate of primary repair 
of these in uries increased from 66% during the first 5-year 
period to 91% during the second. Most of this increase 
occurred in injuries of the transverse and left colon where 
primary repair was performed in 94% and 89% of patients, 
respective-y, during the second 5-year period. For patients 
with extersive injuries, the increased rate of primary re- 
pair was more modest, from 17% in the first period to 25% 
in the second. This was due to more frequent use of re- 
section and ileocolostomy for injuries of the right colon in 
the second period. 


COMMENT 

There are compelling reasons for using primary repair 
to treat colon injuries. The most obvious is the elimination 
of a second major operation to close a colostomy. Histor- 
ically considered a hazardous procedure,***° colostomy 
closure following colon injury is now recognized as rea- 
sonably safe.” However, Pachter et al? recently 
pointed out that lengthy hospitalizations and reoperations 
for bowel cbstruction continue to add to the cost and mor- 
bidity of this procedure. Jordan* stated that undergoing 
a colostomy while awaiting closure must also be consid- 
ered morb.d. 

The risks of performing a colostomy must also be 
considerec. Because colostomies have usually been per- 
formed ir patients with more serious injuries, a 
clear relatonship has been difficult to establish be- 
tween colostomy and morbidity in retrospective 
studies. 14 18.19,2429-31 When colostomies have been per- 
formed less selectively, excellent overall results have been 
achieved.**"* The only prospective study that ad- 
dressed this issue was that by Stone and Fabian.** In low- 
risk patients, they demonstrated a greater morbidity in 
patients treated with colostomy than those treated with 
primary repair. The present results support this conclu- 
sion by demonstrating a greater chance of stomal com- 
plications, ntra-abdominal abscess, or death from MSF in 
patients treated with colostomy than in patients at equiv- 
alent risk treated with primary repair. 

At present, the role of colostomy and exteriorized repair 
in the treatment of colon injuries is unclear. Several centers 
continue tc employ exteriorized repair, but successful re- 
sults have remained in the range of 60% to 70% .?128-44 
Colostomy will likely always play a role. George et al!® 
suggest that it may still be indicated in patients with per- 
sistent shock who require abdominal packing and planned 
reoperatior or those with neglected injuries who have 
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peritonitis.” The massive enteric edema that occurs in pa- 
tients with persistent shock makes accurate suture place- 
ment for primary repair difficult. However, suture repair 
of routine injuries in this situation is rapid and avoids the 
additional time and hemorrhage associated with fashion- 
ing a colostomy. When reoperation is performed, the su- 
ture line can be inspected and a colostomy performed if 
healing is in doubt. When extensive injuries are encoun- 
tered in this situation, we prefer ligation. 

The frequency with which primary repair can be safely 
employed remains unknown. The present results suggest 
that it should be performed in more than 60% of patients. 
In fact, the frequency of primary repair increased from 55% 
during the first 5 years of the study to 70% in the second, 
while rate of adverse outcomes dropped from 12% to 9.3%. 
Using suture repair for injuries not requiring resection in 
all regions of the colon and ileocolostomy for those re- 
quiring resection of the right colon, 83% of patients would 
have been eligible for primary repair. This figure might be 
increased slightly by also considering resected injuries of 
the transverse colon to the right of the middle colic artery 
for ileocolostomy. More extensive resections are inappro- 
priate for the injured patient. 

Only two centers have exceeded the level of 60% pri- 
mary repairs. In 1984, Adkins et al’” treated 64% of patients 
with primary repair with no suture line failures. In 1990, 
George et al’” performed primary repairs on an astonish- 
ing 93% of injuries with only one suture line failure. In- 
creases in the use of primary repair beyond 80% to 85% 
at our institution would be limited by the need to recon- 
struct resected injuries of the transverse and left colon with 
colocolostomies. We have had poor results with this pro- 
cedure compared with suture repair or ileocolostomy. In 
the current series, adverse outcomes occurred in 6.3% of 
patients treated with suture repair and 2.8% of those 
treated with ileocolostomy. In contrast, three (21%) of 14 
patients treated with colocolostomies had adverse out- 
comes that included three fecal fistulas and one death due 
to MSF. Other authors have successfully employed colo- 
colostomy, although the number of cases has been 
small. 1° 
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Discussion 

LEON MorcEnsTeRN, MD, Los Angeles, Calif: During the Civil 
War, colon injuries resulted in a mortality of 90%. During World 
War I, mortality from colon injuries was 60%. Those of you in 
World War II will remember an edict in 1943 by the Surgeon Gen- 
eral that said that all colen injuries must have an exteriorization 
or colostomy. This articleby Burch et al indicates how far we have 
come from that 1943 edict. 

I would like to presenta fourth option for the 30% of left colon 
injuries that you have said cannot be treated by primary repair. 
We have been using the intracolonic bypass tube, which is a latex 
tube, for selected left colon injuries to divert the fecal stream 
intraluminally when the-colon is injured and a protective colos- 
tomy would ordinarily berequired. We do our anastomoses distal 
to the site of tube placement. 

Here you see the intraluminal colonic bypass tube available 
commercially as the Coloshield. Here is the anastomosis and the 
intraluminal tube is sewn in here. We recently described nine 
patients meeting the standard criteria of having protective co- 
lostomies in which we avoided colostomy by using this particular 
tube. All recovered without :ncident except for two patients who 
had wound infections. 

One tragic case was a man who passed his tube (all these tubes 
are passed spontaneously) on the 18th day; 2 days later he was 
killed in a motorcycle accident. We obtained his colon. This 
shows the healed anastomosis. This is where the Coloshield was 
sewn in. He would have lived a long and uneventful life with an 
intact colon, had he not ridden his motorcycle carelessly. So there 
is the fourth option. I would like to ask if you have paid any 
attention to the control of fecal loading in your primary closures 
and if suture material or postoperative care had any bearing on 
your success with the primary closure. 

Barry A. Levine, MD, San Antonio, Tex: It is really amazing, 
as Dr Morgenstern was saying, that in the space of approximately 
45 years the treatment of colon injuries has undergone such pro- 
found change. Probably the first surgeon to contradict the World 
War II colostomy dictum was Ochsner, when he presented a se- 
ries in the early 1950s in which several patients had primary repair 
of their traumatic colon injury. Since that time we have had bat- 
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tles, to which many of you have been witness, that have raged 
over the value of exteriorized repair vs colostomy, as well as other 
more minor points. However, one clear trend that has asserted 
itself over the last 10 to 15 years has been toward increasing use 
of primary repair. 

The group at Ben Taub Hospital, along with Drs Flint and Ri- 
chardson wen they worked together in Louisville, Ky, and Dr 
Fabian of Memphis, Tenn, have all been leaders in this field. The 
Houston group today has presented us an enormous number of 
patients assessed over a 10-year period. Clearly their most recent 
data suggest that upwards of 70% of their patients can safely have 
their colon injuries repaired primarily. Others have shown sim- 
ilar results, and in fact have reached a primary rate of greater than 
80% in some series. 

Therefore we clearly must accept primary repair as standard 
treatment tcday. My problem comes with deciding which pa- 
tients compremise the other 20% or 30% who should not have 
the primary repair. Those patients who are obviously in immi- 
nent dangerof succumbing to multiple traumatic wounds do not 
present a dilemma. However, some authors would have us be- 
lieve the amount of blood lost, degree of fecal contamination, 
shock, or number of other organs injured—that none of these 
should necessarily stand in the way of primary repair. I would 
be interested in the views of the authors on this specific point. 
What is currently going on today at Ben Taub Hospital in that 
regard? I also noted that in your routine injuries you still had 
several patients who were receiving colostomy rather than pri- 
mary repair. How was that decision made? 

One piece of information that I would like to have seen in the 
article was < trauma severity score or other index of multiple 
organ injury. Although the authors presented complicated sta- 
tistical analysis to assure us that patients in either colostomy or 
primary repair groups had the same chance of dying of exsan- 
guination or multiple organ failure, this may not be enough. A 
simple correlation of trauma severity score with outcomes would 
have been helpful. 

In closing, I would ask Dr Burch if his compilation of this large 
amount of retrospective data has helped him to formulate a pro- 
spective stucy in these patients to confirm the opinions that he 
has presented here. 

DonaLD TRuNkEY, MD, Portland, Ore: Dr Morgenstern gave the 
history up to World War II but he did not include Korea or Viet- 
nam, where primary repair of the colon was done early in both 
of these confiicts with disastrous results. Jon, Would you or can 
you modify your conclusions in light of Desert Shield and the 
possibility that we will soon be in armed conflict? What would 
you suggest from your data, if you can, in management of injuries 
in a wartime situation when patients are rapidly evacuated and 
cannot be followed up? 

Secondly, you avoided discussing rectal injuries. Do you have 
information from your review that would help us in management 
of rectal injuries? Thirdly, I think your third conclusion is un- 
warranted at this time. Three out of 25 ligations had miserable 
results. Altheugh these results are not necessarily due to the li- 
gation, I do not think you can say that this may have a useful 
utility. 

Outte frankly, I do not understand the concept here. Why not 
just bring thecolon out over clamps and not mature the ostomies. 
It is not going to add or reduce the time involved. I really am 
circumspect about this ligation procedure. If the object is to go 
back and take a second look in 24 hours, I strongly support that. 
But I just do not believe that ligating the colon and leaving it there 
has any utility at all. 

GERALD B. Demarest, MD, Albuquerque, NM: I wonder if you 
looked at any differences in your gunshot wounds, in terms of 
the velocity cr the weaponry? The edict in 1943 was purposely 
made because of high-velocity gunshot wounds. As Dr Trunkey 
has alluded, the fact is that we, in our civilian guerilla warfare 
in the inner city and other areas throughout the country, are 
seeing low-velocity gunshot wounds. Clearly as was related, the 
disastrous results in Korea and Vietnam were related to the very 
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high velocity of weapon injury. So I would ask if there is any 
difference in the type of weaponry used in Houston and the suc- 
cess rate in the attempted repairs. I hope, given the political in- 
ternational climate that we have today, that we do not try and 
conduct this experiment again, as we may again see the disas- 
trous results that have been related. 

Crayton H. SHatney, MD, San Jose, Calif: Echoing Dr Morgen- 
stern’s experience with the Coloshield, I think this device puts 
a new light on how we can manage colon injuries. I am not sure 
I fully understand or appreciate the way the authors reached their 
conclusions, particularly regarding the need for colostomy. For 
example, I did not see any listing of what happened to patients 
who underwent colocolostomy for transmural left colon injuries. 
I realize that one patient died after this procedure, but how about 
the other patients? Secondly, I am not sure that all of the bad 
outcomes after colocolostomy were related to the anastomosis. 
What you want to look at, it would seem to me, would be the 
leak and intra-abdominal abscess rates. I am not sure I saw the 
data analyzed that way, to be able to say that colostomy is the 
way to go with transmural left colon injuries. Do you have any 
data along these lines?. 

Micuaet L. Trottore, MD, Palo Alto, Calif: The other thing that 
has changed during all this time is the massive improvement in 
antibiotics. I wonder if the authors would comment on their use 
of both local and systemic antibiotics to treat infection, as that is 
the major worry here, especially with unprepared bowel, emer- 
gency reactions, and a primary anastomosis. 

ALEXANDER J. Watt, MD, Detroit, Mich: As I try to leave the field 
gracefully (a theme touched on earlier), I should just point out 
that in 1944, I was taking care of colon injuries in a field surgical 
unit in the mountains of Italy, though as a peon and not as a 
surgeon. The reason that Ogilvie and Central Mediterranean 
Forces Command decided that colostomy should be done rou- 
tinely was not so much because of the velocity of the missiles as 
it was because of the impossibility of evacuating patients easily. 
If one performed a primary repair, one could not get rid of the 
patients or nurse them locally where conditions were highly un- 
favorable. When your evacuation procedure is different, whether 
it be in the war zone in Houston or Desert Shield and you can 
move the patient on quickly, the criteria for primary treatment 
change completely. 

Dr Burcu: Dr Morgenstern, we did not do anything with regard 
to fecal loading at the time of surgery. In an occasional patient, 
we might have tried to remove some feces that was near the colon 
wound. But for all practical purposes, no, we did not. During the 
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first 5 years of the series virtually all colon wounds were closed 
with a traditional two-layer closure using 3-0 polyglycolic acid 
sutures for a running inner layer and 3-0 interrupted silks for the 
outer hyer. During the second 5 years, we began to use a running 
single-layer suture of 3-0 polypropylene. There were 77 patients 
who were closed with a single layer and one developed fecal 
fistula. Of the 200 patients who were treated in the second period 
with traditional suture lines, five developed fecal fistulas. Al- 
though the single-layer closure was performed satisfactorily, I do 
not think it is enough to make a valid comparison. 

Dr Levine asked whether or not colostomies were necessary 
in severely injured patients and what parameters we might use 
to determine that. As far as I can tell, I do not think that there 
are ary clear-cut reasons other than the need to resect and re- 
construct with a colocolostomy that prohibits a primary repair. 
We had a total of 13 fecal fistulas that occurred in patients treated 
with one sort or another of primary repair. Three of 14 patients 
who had primary repair with a resection and colocolostomy de- 
veloped fecal fistulas and one of those patients died. In contrast, 
only one of 36 patients treated with resection and ileocolostomy 
had a fecal fistula. 

Dr Trunkey, it is difficult to know whether these data will have 
any validity when applied to a military campaign. I have always 
been reluctant to make any recommendation of that kind. The 
situation in wartime is clearly different from that in peacetime, 
as are the methods of injury. Military patients often have serious 
wounds; they are operated on at the front line, and then trans- 
ferred back. The surgeons who originally perform the operation 
do not get a chance to follow them up. With regard to rectal in- 
juries, we recently wrote an article on rectal injuries and pre- 
sented it at Southern Surgical.*° We concluded that the only nec- 
essary maneuvers to treat rectal injuries were an adequately 
performed loop colostomy and a retrorectal drain. 

Your question regarding the poor results of ligation deserves 
an explanation since I was not able to elucidate the nature of 
injuries that those patients had in the time allotted. Briefly, those 
patients were literally dying in front of our eyes. They all had 
acidosis, coagulopathy, hypothermia, and their cardiac rhythms 
began to deteriorate. They had a median blood loss of 10 L at their 
first operation. In the past we operated on them until they died. 
Now, to prevent lethal metabolic deterioration, we ligate the en- 
teric injuries and close their abdomens with towel clips. If the 
patient survives, planned reoperation is performed in 24 to 48 
hours. 
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revealed no evidence of impaired fertility or harm to the fetus due to 
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studies in pregnant women. Because animal reproduction studies are 
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during pregnancy only if clearly needed 

DOSAGE AND ADMINISTRATION: TIMENTIN should be 
administered by intravenous infusion (30 min.). Usual recommended 
dose for systemic and urinary tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (3.1 Gm vial containing 3 Gm ticarcillin 
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infections, a dosage of 3.2 Gm TIMENTIN (3.2 Gm vial containing 3 
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Gastric Leiomyosarcoma 


Prognostic Factors and Surgical Management 


Clive S. Grant, MD; Chung H. Kim, MD; Gianrico Farrugia, MD; Aħan Zinsmeister, PhD; John R. Goellner, MD 


è Information on gastric leiomyosarcoma, such as impor- 
tant prognostic facters, patterns of disease recurrence, and 
optimal methods of treatment, are derived from limited pa- 
tient experience. We address these questions, with specific 
focus on whether an advantage could be demonstrated for 
radical resection compared with wide local excision, by ret- 
rospectively investigating 53 patients who underwent sur- 
gical treatment at Mayo Clinic, Rochester, Minn. Abdominal 
pain and/or gastrointestinal bleeding associated with an in- 
tramural or exogastric mass were typical features of this dis- 
ease. Only tumor size and histologic grade were statistically 
significant prognostic factors. With analysis of survival 
curves and patterns of recurrence, neither the addition of 
lymphadenectomy nor the wider tumor-free margins of a 
radical gastrectomy seemed superior to the more conser- 
vative local excision. Therefore, wide local excision remains 
the preferred treatment when technically feasible. 
(Arch Surg. 1991;126:985-990) 


A’ is frequently true of any rare tumor, information about 
gastric leiomyasarcoma, suchas important prognostic 
factors, patterns of disease recurrence, and optimal meth- 
ods of treatment, are derived from limited patient expe- 
rience. Not surprisingly, conflicting views have devel- 
oped. At one end ef the spectrum, recommended treat- 
-ment has included “radical removal of all smooth muscle 
tumors, including removal of at least fourinches of healthy 
tissue on either side of the tumor plus the corresponding 
mesentery,” and “amentectomy is mandatory.”’ Further- 
more, “subtotal or total gastrectomy . . . should include 
omentectomy and resection of juxtagastricnodes.”*Incon- 
trast, others” have stated that “the recommended therapy 
is the least resection by which the entire tumor can be re- 
moved. Total or subtotal gastrectomies are of no greater 
benefit than local excision.” Lymph node metastases are 
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rare, and the necessity of resections toinclude nodal tissues 
has been questioned.*° 

To overcome the biases and limitations inherent in re- 
porting the pathologic and surgical details of patients 
treated somewhere other than at a reporting institution, 
we restricted our review specifically to only those patients 
who underwent primary surgical treatment at Mayo 
Clinic, Rochester, Minn. The aims were to characterize the 
disease presentation, diagnosis, prognostic factors, and 
surgical management. Specifically, we focused on 
whether an advantage could be demonstrated for radical 
resection compared with wide local excision. 


MATERIALS AND METHODS 


A total af 93 patients with gastric leiomyosarcoma were seen 
from 1964 to 1988, of whom 53 underwent surgical treatment at 
Mayo Clinic, Rochester, Minn, and constitute the study group. 
Patient records and histopathologic material were reviewed for 
clinical presentation; diagnostic procedures; tumor site, size, 
grade, and extent; and curative and palliative operations with 
associatec morbidity and mortality. Criteria for evaluating ma- 
lignant neoplasms included number of mitoses, cellularity, aty- 
pia, and necrosis. Tumor grade as judged by a reviewing pa- 
thologist (J.R.G.) was established according to these criteria 
(Table 1). Resection with curative intent was defined as all gross 
disease resected with histologically tumor-free margins. Even 
though large, bulky tumors underwent resection, if either re- 
sidual grcss or microscopic tumor remained, the resection was 
defined as palliative. 

Tumors were staged according to the method of Shiu et al.® 
Tumor invasion into adjacent organs, tumor size larger than 5cm, 
and high-grade tumors were identified as high-risk factors. Pa- 
tients witn stage 0 tumors exhibited none of these factors; and 
patients with stage 1 and 2 tumors exhibited one and two risk 
factors, respectively. 

Follow-up observations were obtained from patient records or 
from direct contact with the patient or local physician. Recur- 
rences were separated into three categories: isolated gastric local 
recurrenc, distant metastases, or a combination of both. 

A Cox droportional hazards regression analysis’ was used to 
identify tne variables associated with survival in patients who 
underwent curative resection. The Kaplan-Meier® method was 
used to estimate the survival curves for all patients who under- 
went curative surgery and for different subgroups. 


RESULTS 
Clinical Presentation 


Of the 53 patients, 34 were male and 19, female. The 
mean ag2 was 60 years (range, 13 to 87 years). Abdominal 
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Table 1.—Criteria for Classifying Leiomyosa~comas of the Stomach* 


No. of Mitoses Necrosis 
Absent 


Absent 


Cellularity 

Moderate Absent to minimal 
Moderate Mild 

Marked Moderate 

Marked Moderate to marked 


Approximately 1 to 3 per 10 HPFs 
Approximately 1 to 6 per 10 HPFs 
More than 6 per 10 HPFs 
More than 6 per 10 HPFs 


Possible 





Present 


*HPF indicates high-power field. 


pain and melena were the most common presenting symp- 
toms, occurring in 27 patients (51%) and 23 patients (43%), 
respectively. Other symptoms included weight loss (10 
patients [19%]), abdominal mass (eight patients [15%]), 
hematemesis (eight patients [15% ]), and nausea and vom- 
iting (five patients [9%]). Results of upper gastrointestinal 
barium studies were abnormal in 29 (97%) of the 30 pa- 
tients in whom they were performed. Similarly, in all 25 
patients who underwent endoscopy, an abnormality was 
clearly demonstrated, but the specific diagnosis was never 
definitively established. 


Tumor Location 


The tumors were located in the body of the stomach 
along either the lesser or the greater curvatures in 26 pa- 
tients (49%). Less commonly, they were found in the car- 
dia (17 patients [32%]) or antrum (seven patients [13% ]) 
of the stomach. Tumors occurred in exogastric, intramu- 
ral, and endogastric locations in 25 patients (47%), 20 pa- 
tients (38%), and 15 patients (28%), respectively, with 
some large tumors qualifying in more than one category. 


Pathologic Findings 


The gastric mucosa was intact in 11 patients (21%), ul- 
cerated in 39 patients (73%), and of indeterminate con- 
dition in the remaining three patients (6%). The depth of 
ulceration varied from superficial erosions to deep ulcer- 
ations in necrotic tumor. Serosal penetration occurred in 
19 patients (36%), and in 16 patients (30%) the tumor had 
invaded adjacent organs. 

Distant metastases and positive lymph nodes were 
present at diagnosis in seven patients (13%) and four (8%) 
patients, respectively. The distant metastases involved the 
liver and peritoneal surfaces. 

The tumors ranged from 2.5 to 37 cm in diameter (mean, 
11 cm); 13 (25%) were 5 cm in diameter or smaller. The 
tumors were histopathologically graded 1, 2, 3, or 4 in 23 
cases (43%), 18 cases (34%), 11 cases (21%), and one case 
(2%), respectively. 


Extent of Surgical Resection 


The most common type of resection was wide local ex- 
cision, performed in 30 patients (57%). Distal subtotal gas- 
trectomy (16 patients [30%]), total gastrectomy (two pa- 
tients [4%]), esophagogastrectomy (four patients [7%]), 
and subtotal tumor excision (one patient [2% ]) constituted 
the other types of surgical treatment. Curative resection 
was undertaken in 45 (85%) of the 53 patients. Adjacent 
organs were resected in 15 patients (28%), most commonly 
including the spleen and tail of pancreas, but also includ- 
ing portions of the diaphragm, lung, colon, omentum, 
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% of Patients Who Survived 


4 6 


No. of Years After Resection 


Fig 1.— Overall survival after curative vs palliative resection. The thin 
line indwates patients who underwent curative resection (n= 45), 
and the thick line, patients who underwent palliative resection 
(n= 8). 


and, in one case, the liver. No patients died while in the 
hospital, but postoperative complications occurred in 16 
patients (30%). Directly related to the surgical procedure 
were four anastomotic leaks, two intra-abdominal ab- 
scesses, three cases of pancreatitis, and four cases of 
wound infection. Pneumonitis developed in three pa- 
tients, and thrombophlebitis, urinary tract infection, and 
myocardial infarction occurred in one patient each. 


Prognostic Factors 


After follow-up ranging from 1 month to 23.5 years 
(mean, 6.8 years), 61% of patients who underwent cur- 
ative resection were found to have survived 5 years after 
resecticn, whereas all patients who underwent palliative 
resecticn had died within 19 months of surgery (Fig 1). 

Several variables were studied to assess their association 
with survival (Table 2). Although local invasion of sur- 
rounding soft tissue or adjacent organs was significant 
both individually and as part of the staging process based 
on the -esults of univariate analysis, only tumor size and 
histologic grade were shown to be statistically significant 
using the Cox multiple regression analysis. However, 
small tumors were not always associated with disease-free 
survival; two patients whose tumors were 5 cm or smaller 
in diameter ultimately died of disease. 
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Table 2.— Prognostic Factors Associated With Survival* 


Results of 
Univariate 
Analysis 


Results of 
Multivariate 
Analysis 


Tumor size 
Histologic grade 
Stage 


Presence of local invasion 


Tumor location 
Fundus/cardia 


Body 
Antrum 


*NS indicates not significant. 
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© 


1 2 


Mo. of Years After Resection 


Fig 2.— Survival after curative resection grouped by tumor stage. The 
thin line indicates patients with stage 0 tumors (n = 10); the medium- 
thickness line, patients with stage 1 tumors (n = 14); and the thick 
line, patients with stage 2 tumors (m =21). 


Survival was plotted according to the staging system 
previously described (Fig 2). Although results of univari- 
ate analysis showed the stage of the tumor to be signif- 
icant, it was not independently important beyond size and 
grade in affecting survival using the Cox model. 


Patterns of Recurrence 


Of the 53 patients, residual disease progressed in five 
(9%), and 19 (36%) developed metastasis with or without 
locally recurrent disease in the stomach. No recurrence 
was present at last follow-up in 25 patients (47%), and in 
only three patients (6%) was isolated gastric recurrence 
identified. Of these three, one patient's large, necrotic tu- 
mor ruptured, with gross tumor spillage, during resec- 
tion. The second patient’s tumor demonstrated local in- 
vasion necessitating en bloc splenectomy, distal 
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pancreatectomy, resection of a portion of the transverse 
colon, and local excision of the gastric tumor. Resection 
margins, however, were clear. The third patient under- 
went local excision of a tumor without complications. Lo- 
cal recurrence was evident 6 years after initial operation, 
and local reexcision was performed. He remained tumor- 
free 5 yea-s after reexcision and 11 years after initial re- 
section. 


COMMENT 


In concert with other reports on gastric leiomyosar- 
coma, abddminal pain and gastrointestinal bleeding were 
the most common presenting symptoms in our 
study.**°*-° Considering this, the finding of an intramu- 
ral or exogastric mass using either barium studies or en- 
doscopy, especially when accompanied by overlying mu- 
cosal ulce-ation, provided strong evidence of smooth- 
muscle tumor. However, it may not be possible to 
confidently distinguish leiomyosarcoma from its benign 
counterpa-t based on results of endoscopic biopsy alone. 
Moreover, areas of benign tumor may exist in leiomyo- 
sarcomas, and, if subjected to biopsy, could be mistakenly 
interpreted to represent the entire tumor.’ Therefore, 
whereas a ~onservative resection for treatment of a benign 
lesion wold be appropriate, the presence of a malignant 
lesion would require a decision as to whether wide exci- 
sion with microscopically negative margins would be ad- 
equate or if a more formal radical gastrectomy would be 
necessary. 

Disease 2xtent that precludes complete resection, as a 
result of ether local invasion or distant metastases, has 
been reported to be universally fatal. Appelman and Hel- 
wig ° repo-ted that the mean time from the diagnosis of 
liver metastases to death in their patients was 8 months. 
The eight patients in our series who underwent only pal- 
liative resection died of disease within 19 months follow- 
ing operation. However, not to be minimized was the sig- 
nificant rel ef of the serious tumor-related morbidity, such 
as bleeding and abdominal pain, that was achieved with 
operation in these patients. 

Several studies have addressed prognostic factors in this 
disease.™?>62-13 All of the patients with gastric leiomy- 
osarcomas in the study described by Ranchod and Kemp- 
son’? eithe- died of disease or were living with recurrence, 
but most r2ports have noted a distinctly more favorable 
outlook. Irfrequently identified adverse prognostic fac- 
tors include results of DNA ploidy analysis’ and clinical 
presentaticn with acute gastrointestinal bleeding.” More- 
over, delayed diagnosis has been implicated as a factor for 
poor progrosis, prompting Kieffer et al? to state that such 
a delay “skould be a consideration in recommending ad- 
juvant the-apy.”” However, the three most commonly 
identified factors proven most influential in disease-free 
survival after curative resection are local extent of the tu- 
mor, tumcr size, and histopathologic grade of the tu- 
mor.™®1%1- Shiu et alf found that tumor invasion into ad- 
jacent organs eventually proved fatal in all of their cases 
despite extended en bloc resections. Owing in part to the 
minimal or total lack of benefit demonstrated with radi- 
ation or ch=motherapy for treatment of these malignant 
neoplasms.“**’'® and despite the fact that few patients 
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Fig 3.— Survival after curative resection in patients who underwent 
local excision (thick line; n=24) or gastrectomy (thin line; n = 17). 


who underwent resection for treatment of locally exten- 
sive disease were disease-free 5 years after resection, ag- 
gressive resections continue to be recommended.’ Pene- 
tration of the gastric serosa by malignant neoplasms, like 
such penetration in gastric adenocarcinoma, has resulted 
in median disease-free survival of only 6.5 months in con- 
trast to 20.6 months in patients whose tumors were con- 
fined within the stomach wall. The effect of serosal in- 
volvement was so profound as to shorten the survival of 
patients with this involvement to the level seen in patients 
with tumors with perigastric or distant organ involve- 
ment. °? Our data showed that presence of locally invasive 
tumors was strongly associated with tumor size and his- 
tologic grade. After accounting for the latter two variables, 
local invasion had no additional prognostic influence. 

Survival in one series was studied in relationship to the 
size of the tumors, which were separated into two cate- 
gories, those 5 cm in diameter or smaller and those larger 
than 5 cm in diameter. Shiu et alf found that “excluding 
death from surgical complications or unrelated causes, all 
of these patients [whose tumors were 5 cm or less in di- 
ameter] were alive 4 or more years after treatment, irre- 
spective of the type of sarcoma, location in the stomach, 
histopathologic grade, and the extent of the resection.”° 
In another series” one patient with a tumor less than 6 cm 
in diameter developed metastasis compared with distant 
spread in one quarter of patients with larger tumors. Al- 
though survival significantly worsened with increasing tu- 
mor size, our study showed this to be a gradual contin- 
uum, and no clear favorable vs unfavorable cut-off point 
in tumor size was identified. 

Even though some variability exists in defining specific 
criteria to segregate low-grade tumors from high-grade tu- 
mors, the degree of tumor differentiation recognized to be 
important for survival of patients with soft-tissue tumors 
in general'”'® similarl applies to patients with gastric lei- 
omyosarcomas.”*°°"9!"" In accordance with criteria 
previously reported, a constellation of microscopic tumor 
characteristics, including cellularity, mitotic rate, presence 
and degree of necrosis, and atypia, were combined to es- 
tablish a tumor grade. Histologic grade did prove to be a 
significant prognostic factor, but a low-grade tumor, like 
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Fig 4.— Survival of patients who underwent local incision (thick line; 
n= 14} compared with that of patients who underwent gastrectomy 
(thin [ne; n=10). Both procedures were performed after curative 
resect.on. Top, Survival of patients with stage 0 and stage 1 tumors. 
Bottom, Survival of patients with stage 2 tumors. 


a small tumor, was not always accompanied by longer 
tumor-free survival. 

A unique effort to combine prognostic factors into a stag- 
ing system has been proposed based on the presence of 
one cr more high risk factors, including tumor invasion, 
tumar size, and tumor grade.° The system seemed useful 
based on patient outcome ina series of 35 patients in which 
all patients with stage 0 tumors, 77% of patients with stage 
1 tumors, and 19% of patients with stage 2 tumors had 
survived 5 years after resection. However, multivariate 
analysis did not show tumor stage to be statistically sig- 
nificent in our study. 

The types of resection (excluding the one subtotal tumor 
resection) were grouped into categories of either local ex- 
cision or some form of gastrectomy. For visual compari- 
son, Fig 3 shows the survival curves of patients in both 
grous. In patients who underwent curative resection, the 
type of operation was not statistically associated with sur- 
vivalafter adjusting for histologic grade and size of tumor 
(P>.)5, by Cox regression analysis). Alternatively, adjust- 
ing for tumor stage, the type of resection was not signif- 
icantly associated with survival (Fig 4). Because few pa- 
tients were in the subgroups, the power to detect 
differences in survival among these subgroups was some- 
wha: limited. 

The ultimate development of distant metastases seems 
likely to be independent of whether the original tumor was 


Gastric Leiomyosarcoma—Grant et al 


Fr 


resected using gastrectomy or wide local excision. There 
could be two potential advantages to gastrectomy: re- 
moval of lymph nodes and a wider tumor-free margin that 
might reduce isolated local recurrence. Lymph node me- 
tastases were found in only four of our patients, two of 
whom had Carney’s syndrome and grade 2, multicentric 
tumors. The third patient had liver metastases in addition 
to positive lymph nodes, and the last patient had a grade 
3, 16-cm tumor that was widely locally invasive. With the 
possible exception of patients with Carney’s syndrome, 
long-term benefit of an associated lymphadenectomy 
seems unlikely. Isolated local recurrence occurred in only 
three patients, two of whom had high-grade, large tu- 
mors, one of which ruptured during resection. The only 
patient with isolated local recurrence who retrospectively 
might have benefited by an initial gastrectomy remained 
disease-free 5 years after local reexcision of the recurrence. 

Because the location of the tumor is often proximal in 
the stomach and the neoplasm may have a surprisingly 
small attachment to the gastric wall despite its large overall 
size, limited gastric resection is often technically possible 
and advantageous compared with high gastrectomy. Tu- 
mor size and histologic grade, rather than the type of sur- 
gical resection, are the key prognostic factors. Until con- 
vincing data are presented to the contrary, wide local 
excision with clear margins seems to result in patient sur- 
vival comparable with gastrectomy for treatment of gastric 
leiomyosarcoma. 
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Discussion 

Jonn L. Sawyers, MD, Nashville, Tenn: As with so many reports 
from the Mayo Clinic, we are presented with an extraordinarily 
large number of patients with gastric leiomyosarcomas (93), 53 
of whom underwent operation. This large series from one in- 
stitution gives Dr Grant the opportunity to draw conclusions re- 
garding the management of these unusual tumors, an oppor- 
tunity not afforded to most surgeons who have had limited 
experience with these gastric leiomyosarcomas. 

In our book, Surgery of the Stomach and Duodenum and Small 
Intestine, we recommended resection of at least 10 cm of normal 
tissue, the corresponding mesentery and lymphatic area, to- 
gether with the omentum, for all lesions larger than 5 cm in di- 
ameter for gastric leiomyosarcomas. Dr Grant’s presentation will 
cause us to reconsider. It appears that a limited resection margin 
of 2 to 3 cm of the gastric wall is all that is needed. 

Lymph node metastases are unusual and occur in only four of 
his patients, or 7.5%, and two of these patients had Carney’s 
syndrome, which occurs primarily in young women who have 
multiple gastric epithelioid leiomyosarcomas, pulmonary chon- 
dromas, and functioning extra-adrenal paragangliomas. In these 
patients perhaps a more radical resection may be indicated. | 
would like to ask Dr Grant about the use of endoscopic ultra- 
sound, which we have found useful in detecting submucosal 
spread of esophageal cancers. Would this modality help in early 
detection and aid in determining how wide a resection of the 
stomach wall is necessary? Also, has he had experience with in- 
traoperative ultrasound to determine the extent of resection? 

Dr William Meyers from Duke University advocates an aggres- 
sive attempt to resect the tumor even in the presence of multiple 
peritoneal metastases, since Dr Meyers thinks this affords the 
patient a better quality of survival and prolonged survival. What 
do you advocate for patients with advanced disease, including 
peritoneal metastases? Yons has described patients who have 
had leiomyosarcomas metastasize to the ovaries. Eleven of 21 
patients had bilateral ovarian metastases from sarcomas. Should 
the ovaries be excised at the time of resection of a gastric leio- 
myosarcoma as we sometimes do prophylactically for colon can- 
cer? 

Chemotherapy has been disappointing as adjuvant treatment 
for gastric leiomyosarcomas but van der Vaart from the Neth- 
erlands reported this year initially good results from using a che- 
motherapeutic CyVADIC regimen ina patient with a large gastric 
epithelioid leiomyosarcoma. Has the Mayo Clinic had any mul- 
tidrug chemotherapy experience with these tumors? 

And finally, Pearson, from the Gastroenterology Research Unit 
of the Mayo Clinic and Foundation, has reported a gastric 
smooth-muscle tumor cholecystokinin (CCK) receptor that is dis- 
tinct from other peripheral CCK receptors, biologically as well as 
functionally. Are there any attempts to develop monoclonal an- 
tibodies to act as carriers for chemotherapeutic agents to attach 
to these unique receptor subtypes? This seems like an encour- 
aging area for investigation. 

Dr Grant: Regarding ultrasound to aid with diagnosis of the 
disease or in determining resection margins, we have no expe- 
rience using either endoscopic or intraoperative ultrasonogra- 
phy. The borders of leiomyosarcomas in the stomach usually 
have not been difficult to discern in contradistinction to some 
gastric adenocarcinomas and lymphomas. Nevertheless, this is 
an interesting concept. 

In response to pursuing aggressive removal of peritoneal me- 
tastases, rarely these could be isolated or few in number, as was 
the case in two of our patients. In these two, the metastases were 
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resected, as were the primary tumors, leaving no gross residual 
disease. Unfortunately, the survival was short in these two pa- 
tients, similar to the usual course of the patients with more ex- 
tensive peritoneal spread. Whether any palliative benefit was 
achieved by resection of the peritoneal metastases is hard to dis- 
cern. 

The value of prophylactic resection of the ovaries cannot be 
definitively answered by this study. We did not encounter or at 
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least dic not recognize any metastatic disease limited to the ova- 
ries; corsequently, I would not be optimistic that their removal 
would provide significant benefit. Unfortunately, we have been 
frustrated with the lack of tumor response to chemotherapy. It 
was used only in a few of these patients, but without discernible 
effect. Lr Miller’s work in isolating a CCK receptor on smooth- 
muscle tumors is interesting. We have not had the opportunity 
to study it in these patients, however. 





Pe ee 


PPLE RE LE Ty eT 


990 Arch Surg—Vol 126, August 1991 


In Other AMA Journals | 


ARCHIVES OF PATHOLOGY AND LABORATORY MEDICINE 


The Role of the United Network for Organ Sha-ing and Designated Organ 
Procurement Organizations in Organ Retrieval for Transplantation 


James S. Wolf, MD 


With the increasing success of organ transplantation in this country, there are in- 
creasing numbers of patients who are awaiting a transplantable organ. Congress has 
established a national Organ Procurement and Transpant Network, which is admin- 
istered by the United Network for Organ Sharing. Organ retrieval is performed by 70 
organ procurement Grganizations, each having a desigmated service area. The need for 
transplantable organs falls further and further behinc the increasing demand. 
(Arch Pathol Lab Med. 1991;115:246-249), 


Reprint requests to Division of Transplantation, Department ef Surgery, Northwestern University 
Medical School, Chicago, IL 60611 (Dr Wolf). 
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Medical Educators’ Views on Medical Educatian Reform 


Joel C. Cantor, ScD; Alan B. Cohen, ScD; Dianae C. Barker, MHS; 
Annie Lea Shuster; Richard C. Reynolds, MD 


To determine whether medical educators perceive a need for change in medical 
student education, we analyzed data from a 1989 surv2y of 1369 respondents from all 
US schools of allopathic medicine. Except for basic scences faculty, a majority of ed- 
ucators stated that “fundamental changes” are needed in medical student education 
in the United States. Nearly three fourths of deans anc associated deans reported the 
need for “fundamental changes” or “thorough reform.” At least 79% of educators 
voiced support for six specific reforms, such as rewerding teaching excellence and 
increasing clinical education in ambulatory and comm anity settings. While slight ma- 
jorities supported reducing class size and centralizing governance, substantial pro- 
portions stated that they would “work against” such re orms. Most educators reported 
thata broad base of support within the school would be essential for change. The survey 
suggests a restlessness among the leaders of medical education. 

(JAMA. 1991;265:1002-1006). 


Reprint requests to The Robert Wood Johnson Foundation, Office of Health Statistics and Analysis, 
PO Box 2316, Princeton, NJ 08543-2316 (Dr Cantor). 
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Pyogenic Liver Abscess 


Modern Treatment 


Steven C. Stain, MD; Albert E. Yellin, MD; Arthur |. Donovan, MD; Heather W. Brien, MD 


è Historically, open surgical drainage has been the treat- 
ment of choice for pyogenic liver abscess. The records of 54 
patients with pyogenic liver abscess were reviewed to de- 
termine whether earlier diagnosis with current imaging tests 
and definitive treatment with antibiotics, aspiration, or cath- 
eter drainage was an effective alternative to open drainage. 
Twenty-nine patients were treated with broad-spectrum an- 
tibiotics and diagnostic aspiration. Twenty-three (79%) re- 
covered uneventfully, and six required catheter or operative 
drainage. Twenty-three patients (including five who failed 
aspiration) underwent drainage with percutaneously placed 
catheters. Nineteen (83%) recovered; four required open 
surgical drainage. Of seven patients who required open sur- 
gical drainage, six recovered. One (2%) of the 54 patients 
died following failed aspiration and catheter and surgical 
drainage. Four patients were successfully treated with an- 
tibiotics alone without aspiration. These results confirm that 
pyogenic liver abscess can be successfully treated with 
broad-spectrum antibietics and aspiration or percutaneous 
catheter drainage. Open surgical drainage is reserved for 
patients in whom treatment fails or who require celiotomy 
for concurrent disease. 
(Arch Surg. 1991;125:991-996) 


T he advent of highly accurate diagnostic hepatic im- 

aging techniques and the availability of potent an- 
tibacterial agents have had a profound impact on the di- 
agnosis and therapy of pyogenic liver abscess. 
Historically, the cornerstone of therapy for pyogenic liver 
abscess was open surgical drainage, based on the classic 
work of Ochsner et al’ in 1938. Their emphasis on open 
extraserous drainage reduced the mortality rate from 100% 
to 33%. Subsequent development of broad-spectrum an- 
tibiotics permitted mere liberal use of transperitoneal 
drainage as primary therapy. Recently, the ability to pre- 
cisely localize the abscess with noninvasive techniques has 
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led to a shift away from open surgical drainage to per- 
cutaneous drainage. Current therapeutic options for pyo- 
genic liver abscess include surgical drainage, catheter 
drainage, or aspiration in conjunction with antibiotics, or 
antibiotics alone. Mortality and morbidity rates continue 
to decline as the number of therapeutic options increases; 
however, mortality rates of 11% to 32% continue to be 
reported.*> 

This study was undertaken in an attempt to determine 
the relative efficacy of the newer therapeutic modalities 
and to develop guidelines for the treatment of pyogenic 
liver abscess. 


MATERIALS AND METHODS 

Between 1984 and 1990, 54 patients with pyogenic liver abscess 
were treatec at the Los Angeles County—University of Southern 
California Medical Center. The charts of these patients were ret- 
rospectively reviewed to determine clinical features, diagnostic 
tests, methcads of treatment, and results of therapy. Primary he- 
patic amebi abscesses without secondary bacterial infection 
were excluded from this review. Posttraumatic hepatic sequestra 
were also excluded due to the inability to determine whether they 
were a direct extension of intra-abdominal abscesses caused by 
associated injuries. Autopsy records were also reviewed. Micro- 
abscesses in patients who died of unrelated diseases were ex- 
cluded. No undiagnosed pyogenic abscesses were identified 
through autopsy review. 


Clinical Features 
The 54 patients consisted of 32 men (59%) and 22 women (41%) 
with a mean age of 47 years age (range, 17 to 80 years). The pre- 
senting symptoms as tabulated below were first seen at a mean 
of 15 days before admission (range, 1 to 90 days). 


Symptoms No. (%) of Patients 
Pain 43 (80) 
Fever 42 (78) 
Nausea 30 (56) 
Chills 24 (44) 
Vomiting 22 (41) 
Jaundice 10 (19) 


The proportions of patients with abnormal laboratory test results 
are depicted in Table 1. Amebic hemagglutination titers were ob- 
tained in 35 patients. Thirty-one of 35 patients had negative amebic 
titers of 1:32 or less. Four patients with elevated amebic titers 
(>1:2000) had pus and bacteria recovered from the hepatic abscess. 
None underwent percutaneous instrumentation of the abscess cav- 
ity prior to the positive culture. Three of these patients denied di- 
arrhea or recent foreign travel history. One patient was 
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Table 1.— Laboratory Findings at Presentation _ 


No. (%) of Patients 


Laboratory Findings 


Total bilirubin, mol/L 
et be Pe 
>25.7 

Alanine aminotransferase, U/L 
<40 
>40 

Aspartate aminotransferase, U/L 
<40 
>40 

Alkaline phosphatase, U/L 
<115 
>115 

White blood cells, x 10°/L 
<10 
10-15 
=> 55 

Amebic titers 
Positive 
Negative 





admitted with diarrhea, and proctitis was seen on sigmoido- 
scopic examination. 


Radiologic Imaging 

Noninvasive imaging was performed in all patients. Ultra- 
sound examination was performed in 47 patients, and the abscess 
was identified in 44 (sensitivity, 94%). Computed tomography 
(CT) accurately localized the abscess in all 48 patients in whom 
it was performed (sensitivity, 100%). Both modalities were used 
in 42 patients. Thirty-one of the 51 fluid collections were uniloc- 
ular (57%), and multiple abscesses were seen in 23 patients (43%). 
Thirty-two abscesses (59%) were confined to the right hepatic 
lobe, eight were in the left lobe (15%), and 14 involved both lobes 
of the liver (26%). 


Bacteriologic Findings 


Thirty-three (61%) patients had bacteremia. Monomicrobial 
bacteremia was seen in 25 patients (46%); and blood cultures of 
eight patients (15%) yielded two organisms. Fifty patients (93%) 
had their abscess cavity aspirated either percutaneously under 
roentgenographic guidance or at the time of operative drainage. 
Bacteria were recovered in 43 (86%) of the 50 patients. Thirty-one 
aspirates (62%) were monomicrobial, and 19 (38%) were poly- 
microbial. The frequency of positive cultures is summarized in 
Table 2. Four bacteremic patients with hepatic filling defects seen 
on CT scan and negative amebic titers did not have diagnostic 
aspiration of the abscess. Twenty-eight (56%) of 50 patients had 
bacteria, identified by aspiration of the abscess, that were not 
isolated on blood culture. Blood cultures of 18 patients were neg- 
ative, and additional bacteria that were not found in the blood, 
were found in 10 patients with abscess aspiration. The micro- 
biologic findings of the blood and abscess isolates are listed in 
Table 3. In 13 patients, bacteria identified on blood culture were 
not recovered from the abscess aspirate. 


Causative Factors 


The primary cause of the abscess could not be identified in 20 
patients (37%). Gastrointestinal disease was seen in 14 patients 
(26%), biliary tract abnormalities in 10 (19%), and hematogenous 
spread in 10 (19%). The underlying causes are listed in Table 4. 
Pylephlebitis, defined as portal vein thrombosis, was seen on 
noninvasive imaging in five patients. Two had appendicitis, one 
had diffuse colitis, one had endocarditis, and the final one had 
cryptogenic abscesses. Ultrasound examination was performed 
in four of the five patients, and the thrombus was identified in 
two. Computed tomography identified the thrombus in the four 
patients in whom it was employed. 
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Table 2.—Yield of Blood and Abscess Cultures 


Culture Findings No. of Patients 


Abscess and blood positive 








Abssess positive, blood negative = 
Abs<ess negative, blood positive 4 
Abs-ess and blood negative 3 
Not aspirated; blood positive 4 


Total 


Table 3.—Microbiologic Findings of Abscess 
and Blood Isolates 


Fscaerichia coli 
Klebsiella 

Enterococcus 

Citrobacter 

Proweus 

Pseidomonas aeruginosa 
Ser-atia 

Enterobacter 


Streptococcus 
Microaerophilic 


C 


~ 


Stadhylococcus aureus 
Diphtheroids 


Bacteroides fragilis 


Fusiform bacteria 
Caadida 





no ~ N = HN WD GS NI 


Treatment 


Broad-spectrum parenteral antibiotic therapy was initiated to 
treat eerobic and anaerobic bacteria in all patients either empir- 
ically at admission or at the time of confirmed diagnosis. Fol- 
lowing identification of an abscess cavity with ultrasound exam- 
ination or CT, 29 patients underwent diagnostic aspiration to 
determine the bacteriologic findings and to plan subsequent an- 
tibiotic therapy. No attempt was made to aspirate the abscess dry. 
Six of the 29 patients whose sepsis did not rapidly resolve after 
diagnostic aspiration and antibiotics underwent subsequent ab- 
scess drainage (one with surgery and five with catheters). Eigh- 
teen patients had percutaneous catheter drains placed at the time 
of inițial diagnostic imaging, and three required subsequent op- 
erative drainage. Three patients underwent early operative 
drainage, and the final four were treated solely with antibiotics 
withcut aspiration or catheter drainage. Intravenous antibiotic 
therady was continued for at least 2 weeks, or until fever and 
leukacytosis resolved. Oral antibiotic therapy was usually con- 
tinued for 1 month. 


RESULTS 

Twenty-nine patients were initially treated with diag- 
nost aspiration without catheter drainage. The mean ab- 
scess diameter was 6.2 cm (range, 2 to 15 cm). Mean du- 
ration of hospitalization was 23 days (range, 6 to 49 days). 
Twenty-three (79%) of the 29 patients recovered. Their 
mean time to defervescence was 10.5 days (range, 2 to 24 
days). Six patients with persistent fever and leukocytosis 
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Table 4. — Breakdown ef Causative Agents 


Cryptogenic 20 (36) 
Gastrointestinal 

Appendicitis 4 

Diverticulitis 2 

Colitis 2 

Amebic colitis 1 

Perforated ulcer 1 

1 

1 

1 

1 

4 






lleocecal leiomyosarcoma 
Crohn's disease 
Intramural cecal lesion 
Colonoscopic perforation 
Total 1 
Biliary 
Previous choledochoenterostomy 4 
Gallstones 2 
Postcholecystectomy 2 
1 
1 
0 


(26) 





Gallbladder carcinoma 
Biliary ascariasis 
Total 
Hematogenous 
Urinary tract 4 
Pulmonary 3 
Endocarditis 1 
1 
1 
0 


— 


(19) 






Intravenous drug abuse 
Sinusitis 
Total 






underwent drainage a mean of 12.3 days (range, 7 to 25 
days) after initial aspiration. Four of the six patients had 
percutaneous catheter drains placed and recovered. One 
patient with diverticulitis and multiple hepatic abscesses 
underwent transperitoneal operative drainage of the he- 
patic abscesses 15 days after aspiration. The final patient, 
a 6l-year-old homosexual man with diabetes, was trans- 
ferred to our hospital with cryptogenic abscesses. Com- 
puted tomography-guided aspiration was performed on 
the third hospital day. He suffered a cardiac arrest on 
day 4, and his subsequent septic course was marked by 
hemodynamic instability and coagulopathy. A percutane- 
ous catheter drain was placed on day 12, followed by 
transperitoneal operative drainage on day 14. Hepatic and 
renal failure developed after surgery, and he died on hos- 
pital day 24. Testing for the human immunodeficiency vi- 
rus was not performed. At autopsy, multiple 3-cm ab- 
scesses were scattered throughout both hepatic lobes. This 
patient represents the sole death in this series (2% of 54 
patients). 

Twenty-three patients underwent percutaneous cath- 
eter drainage. Primary catheter drainage of the abscess 
cavity was accomplished concurrent with initial aspiration 
in 18 patients. Five patients failed initial diagnostic aspi- 
ration and underwent secondary catheter drainage. The 
23 patients had a mean abscess diameter of 6.6 cm (range, 
2 to 15 cm). There were 16 single and seven multiple ab- 
scesses. The mean duration of hospitalization was 22.5 
days (range, 8 to 72 days). 

Nineteen (83%) of the 23 patients recovered without sur- 
gery. The mean time to defervescence was 8.5 days (range, 
1 to 17 days). Two patients required two catheters, and one 
patient had three catheters placed prior to recovery. Four 
(17%) of the 23 patients treated with catheter drainage re- 
quired subsequent operative drainage. Two patients pre- 
sented with choledochoenteric anastomotic strictures. 
One underwent initial catheter drainage; however, sepsis 
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persisted despite placement of a percutaneous endopros- 
thetic stert. Operative drainage with revision of the pre- 
vious choledochoduodenostomy and a round-ligament, 
left hepaticojejeunostomy was performed, and the patient 
recovered. The second patient had a retained left hepatic 
stone 3 years after choledochoduodenostomy. A left lobe 
abscess was drained with a percutaneous catheter. After 
drainage, the patient developed fever (temperature, 
40°C), hy>otension, and coagulopathy. On hospital day 
6, transp=ritoneal exploration revealed intraperitoneal 
rupture o- the abscess by the catheter. Left lateral hepatic 
segmentectomy and drainage of the left medial segment 
was performed. The patient recovered and was dis- 
charged cn hospital day 25. The third patient failed cath- 
eter drainage of a 9.5-cm right lobe posterior abscess. On 
hospital cay 29, the patient underwent successful 12th rib 
extraperitoneal drainage, and was discharged 9 days later. 
The fourth patient died, as previously mentioned. 

Three patients underwent primary operative drainage 
of the abscess. In the first, the radiologist was reluctant to 
place a ca-heterina patient with colitis, marked sepsis, and 
thrombocytopenia (platelet count, 22 x 10°/L). Extraperi- 
toneal dedendent drainage through the bed of the 12th rib 
was performed on hospital day 4. He recovered and was 
discharged on hospital day 19. The second patient with a 
periapperdiceal abscess and pylephlebitis had an appen- 
dectomy and operative drainage of the periappendiceal 
and intra epatic abscesses on hospital day 6, and was dis- 
charged on hospital day 12. The third patient was a preg- 
nant 27-year-old in labor, admitted with septic shock sec- 
ondary tc appendicitis. An 8-cm abscess was identified by 
CT. She anderwent urgent appendectomy and drainage 
of a paraeolic abscess. The intrahepatic abscess could not 
be identified at operation despite multiple attempts at nee- 
dle aspiration. The abscess was successfully drained after 
surgery with a percutaneous catheter, and the patient was 
discharged on the 36th hospital day. 

Eight (15%) of the 54 patients were treated with primary 
(n=3) or secondary (n=5) operative therapy. Secondary 
operative drainage was due to failure of catheter drainage 
(n=4), and failure of diagnostic aspiration (n= 1). Oper- 
ative dramage was successful in six (75%) of eight patients. 
One failure was due to an inability to localize the abscess 
at operation, and the other led to the death of the mor- 
ibund petient with multiple abscesses. 

Four bacteremic patients were successfully treated with 
antibiotic therapy alone without diagnostic aspiration. 
Their mean length of hospitalization was 28 days (range, 
15 to 50 Jays). 

The in-tial treatment method selected was unsuccessful 
in 12 attempts (10 patients) and required more aggressive 
drainage. Four patients did not respond to initial aspira- 
tion witout drainage. The decision to drain the abscess 
cavity was based primarily on the clinical variables of per- 
sistent fever and leukocytosis despite an adequate anti- 
biotic course. Analysis of these cases does not allow pre- 
diction of a successful result based on size, multiplicity of 
abscesses, or underlying etiologic factors. 

Four patients who underwent percutaneous catheter 
drainage eventually required operative drainage. The 
catheter -uptured the abscess in one patient, causing peri- 
tonitis, end a biliary enteric anastomotic stricture in an- 
other required operative revision. The third patient had 
persistent sepsis after more than 2 weeks of antibiotic ther- 
apy and <atheter drainage, and the final patient exhibited 
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symptoms of septic shock that precipitated urgent celiot- 
omy. 

Operative therapy was deemed a failure in two patients. 
In one patient, the abscess could not be localized at sur- 
gery, and the other had previously failed initial aspiration 
and subsequent catheter drainage, and eventually died of 
multiple organ system failure. 

Three complications were related to therapy. One sub- 
capsular liver hematoma developed after aspiration, and the 
patient required a 2-U transfusion. A transpleural aspiration 
caused a hemothorax, and thoracotomy was required for he- 
mostasis. In the third patient, the percutaneously placed 
drainage catheter ruptured the hepatic abscess and caused 
peritonitis. This was treated with operation. 


COMMENT 


Pyogenic liver abscess is the most common form of liver 
abscess. Historically, the appendix and colon were the ma- 
jor sources of pyogenic abscesses, seeding the liver via the 
portal vein.’ Although transient portal bacteremia is usu- 
ally controlled by the scavenging reticuloendothelial 
Kupffer cells in most healthy patients, in the elderly or 
immunocompromised patient the bacterial inoculum can 
overwhelm the Kupffer cells and lead to an abscess. Potent 
antimicrobial agents have now relegated sepsis of enteric 
origin to a lesser role and this has presumably reduced the 
incidence of pylethrombosis and septic pylephlebitis. The 
gastrointestinal tract was the most common etiologic 
source (14 [26%] of 54 patients) in our series; however, 
most series implicate the biliary tract as the most common 
etiologic source, leading to abscess formation by direct ex- 
tension from a septic gallbladder or as a result of obstruc- 
tive jaundice.” *° Less commonly, the liver can be seeded 
via the hepatic artery as a result of bacteremia from a dis- 
tant source, as occurred in 10 of our patients. Despite re- 
cent diagnostic advances, the etiologic source could not be 
identified in 20 (40%) of our patients. Nevertheless, every 
attempt should be made to localize and treat the source of 
infection. Careful and thorough evaluation of the biliary 
and gastrointestinal tract can reduce the incidence of cryp- 
togenic abscess to 10%.” 

Patients with a pyogenic liver abscess often have a pro- 
drome lasting several weeks. Symptoms were present for 
approximately 2 weeks in the majority of our patients. The 
syndrome usually includes right upper quadrant pain, fe- 
ver, chills, nausea, and vomiting. Leukocytosis and ab- 
normalities of liver functions, particularly the alkaline 
phosphatase levels, are invariably present. The clinical 
syndrome often cannot be distinguished from amebic liver 
abscess. This diagnostic problem is more likely in geo- 
graphic areas with large Hispanic or immigrant popula- 
tions. Whenever this differential diagnosis is considered, 
the presence of an amebic liver abscess must be ruled out 
with appropriate serologic tests, such as the indirect hem- 
agglutination test. However, results of serologic tests for 
amebiasis may remain positive for several years after res- 
olution of the amebic infection.® This was likely in at least 
three of our patients. A precise diagnosis is essential, be- 
cause therapy is radically different between amebic and 
pyogenic liver abscess. Whereas the majority of pyogenic 
liver abscesses will have aspiration or drainage as part of 
total therapy, amebic liver abscesses are best left intact and 
treated with appropriate antiamebicides.° Aspiration can 
lead to secondary infection. 

Ready availability and improved resolution of both ul- 
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trasound and CT importantly relate to the earlier and more 
accurate diagnosis of liver abscess. Ultrasound is the pre- 
ferred initial diagnostic test. It will often identify associ- 
ated biliary tract abnormality. It is cost-effective and re- 
markadly accurate, as seen in the 44 abscesses in 47 
patiencs identified in this series. Ultrasound is of added 
benefi- in helping to distinguish pyogenic from amebic 
liver abscesses. The former often appear hypoechoic with 
irregular margins, while the latter are more homogeneous, 
oval or round, with well-defined margins.’ Computed to- 
mogranhy accurately identified abscesses in the 48 cases 
in whieh it was employed. It is often of value in identifying 
underbying intra-abdominal abnormality, or other intra- 
abdorrinal abscesses. 

When a hepatic abscess is suspected and confirmed by 
an imeging test, parenteral broad-spectrum antibiotics, 
designed to eradicate aerobes and anaerobes, should be 
admin stered. The majority of infections will be polymi- 
crobiaL and the organisms usually of enteric origin. Ini- 
tially, a combination, including penicillin, an aminogly- 
coside. and metronidazole hydrochloride should be 
emploved. Metronidazole will treat anaerobes and ame- 
biasis. If the patient proves to have amebiasis, the pen- 
icillin and aminoglycoside therapy can be discontinued. In 
patients with pyogenic liver abscess, antibiotic therapy 
can be modified based on clinical response and the bac- 
teriologic results of blood and abscess cultures. 

Aspirates of the abscess cavity are more accurate than 
blood cultures in identifying the bacteria involved. Many 
patients do not have bacteremia, and in those with bac- 
teremia, many of the underlying abscess pathogens will 
not be present in the blood. Parenteral antibiotic therapy 
should be continued until the patient is afebrile, asymp- 
tomatie, and without leukocytosis for at least 48 hours. The 
majority of our patients were treated with oral antibiotics 
for an edditional 2 weeks. In patients with impaired renal 
functian, an appropriate third-generation cephalosporin 
or carbapenem antibiotic can be used instead of an ami- 
noglycoside. 

However, antibiotic therapy is believed to be merely ad- 
junctiv2 to drainage of the abscess. In the preantibiotic era 
before -he publication of the review by Ochsner et al,‘ non- 
operative treatment was associated with a 100% mortality 
rate. Their advocacy of extraperitoneal drainage as a 
method of avoiding spillage and diffuse peritonitis has 
been credited with the subsequent dramatic reduction in 
mortality rate. In 1943, Ochsner and Debakey"® reported 
using the first antibiotic, sulfonamide, in treating a sec- 
ondarily infected amebic abscess. They suggested that this 
“promping development” might permit “closed drain- 
age.” McFadzean et al,'’ in a report from Hong Kong in 
1953, Gescribed 14 patients successfully treated with di- 
agnostic aspiration and antibiotics without drainage. By 
1964 this series had grown to include 108 patients with 
only ore death. '* These reports went relatively unheeded; 
open surgical drainage continued, and mortality rates re- 
mainec at up to 32%.° As recently as 1990, open surgical 
drainage continued to be advocated.’ 

The -ecent ready availability and liberal use of ultra- 
sound Dr CT for early diagnosis, combined with the ex- 
pertise of interventional radiologists in aspirating or cath- 
eterizirg and successfully treating a wide variety of 
abscesses, inevitably led to the employment of these tech- 
niques in the diagnosis and treatment of pyogenic liver 
abscesses. ™!415 
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These radiologic aspiration techniques, although ini- 
tially employed by us for diagnosis and for obtaining ma- 
terial for bacteriologie studies, soon proved to be remark- 
ably effective as definitive therapy, and began to be 
employed as primary therapy. The choice of whether to 
aspirate the abscess ‘or diagnosis or drain the abscess with 
a percutaneously placed catheter was made empirically by 
the treating physician. 

This retrospective review of the cases aspirated or 
drained offers convincing evidence that diagnostic aspi- 
ration and parenteral antibiotics will, in the majority of 
patients, result in cure. This occurred in 23 (79%) of 29 
patients so treated. It proved equally effective in patients 
with single (n= 12) er multiple (n= 17) abscesses. Four of 
the six failures, however, did occur in patients with mul- 
tiple abscesses. Patients usually respond rapidly to this 
therapeutic regimen. Those in whom fever and leukocy- 
tosis persisted were treated with percutaneous catheter 
drainage. Often, the individual clinician elected primary 
catheter drainage (17 cases) rather than aspiration. Occa- 
sionally, multiple catheters were required to achieve suc- 
cess. Nineteen (83%) of 23 patients treated with catheter 
drainage recovered, a success rate similar to that for as- 
piration. There were no meaningful differences in size or 
number of abscesses, time to defervescence, or duration 
of hospitalization inpatients treated with one or the other 
modality. It is possible that avoidance of an open surgical 
drainage minimized morbidity, the associated perioper- 
ative risks, and the possible spread of pus throughout the 
abdomen. 

The experience reported herein must be viewed in re- 
lation to our prior experience with pyogenic liver abscess. 
The University of Southern California has a long history 
of interest in both amebic and pyogenic liver abscess. Pre- 
viously published reports over a period of 50 years were 
recently summarized in a review article.'® Our interest in 
nonsurgical therapy of pyogenic liver abscess was first re- 
ported in 1979." Barnes et alf reported experience with 48 
cases of pyogenic liver abscess during a 52-year period 
beginning in 1979.° Surgical drainage was performed in 
42% of treated cases and percutaneous catheter drainage 
in 17%. The present review of 54 patients treated since 
1984, and including the final period of the Barnes report, 
reveals a striking difference. In the current report, 45% of 
cases underwent catheter drainage by interventional ra- 
diological techniques and only 15% underwent surgical 
drainage, an essentially total reversal of therapy. These 
figures document the profound impact of the newer im- 
aging techniques onthe diagnosis and therapy of pyogenic 
liver abscess. 

Obviously, in a problem as complex as pyogenic liver 
abscesses, no single therapeutic option is likely to cure all 
cases; a mortality rate of zero is probably an elusive goal, 
considering the associated diseases and duration of the 
septic process. Open surgical drainage has a role in the 
treatment of patientsin whomaspiration or catheter drain- 
age fails. Of the 54 patients in the current series, seven 
required surgical drainage. In four patients, this was done 
as a result of failure of catheter drainage. Three recovered, 
and one patient with multiple comorbid illnesses died. Of 
the three patients who had primary surgical drainage, two 
recovered, and dramage failed in one due to an inability 
to locate the abscessantraoperatively. She was successfully 
treated with a percutaneously placed catheter. 

The excellent results and minimal morbidity related to 
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aspiratior. or catheter drainage as opposed to traditional 
open (exfraperitoneal or transperitoneal) surgical drain- 
age has resulted in the following approach to treating pa- 
tients with suspected pyogenic liver abscess with no co- 
existent intra-abdominal abnormality who require 
emergency exploratory celiotomy: (1) parenteral broad- 
spectrum antibiotic therapy including penicillin, amino- 
glycoside, and metronidazole, to treat aerobes, anaerobes, 
and amebiasis; (2) amebic hemagglutination test to ex- 
clude amebiasis; (3) immediate ultrasound study or CT to 
confirm the diagnosis of liver abscess; (4) concurrent as- 
piration cf the abscess for bacteriologic data to guide sub- 
sequent entibiotic therapy; (5) if sepsis persists, repeated 
noninvasive imaging 7 to 10 days later to establish catheter 
drainage and obtain additional material for culture and 
sensitivity; and (6) operative therapy for catheter drainage 
failures o- for patients with coexistent intra-abdominal ab- 
normality. In the former, extraperitoneal or transperito- 
neal drainage of the hepatic abscess will accomplish this. 
In the latter, when possible, sepsis should be controlled 
before definitive surgical therapy for the underlying ab- 
normality. This may obviate the need for concurrent drain- 
age of th abscess. 
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Discussion 

ALEXANDER J. Watt, MD, Detroit, Mich: This article will be the 
definitive reference on pyogenic liver abscesses for the rest of this 
decade, and it is particularly valuable for its clearly stated man- 
agement plan in the “Comment” section. Nevertheless, things 
change, and we always have room to learn. I think we should 
remember from the experience of Dr McFadzean of Hong Kong 
(whom we steadfastly ignored in 1953 and for 35 years after that), 
when he stated at a time when penicillin was the only available 
antibiotic and long before the current investigational procedures 
such as ultrasound and CT, that the way to treat these abscesses 
was with aspiration and antibiotics. McFadzean then went on to 
show by the mid-1960s that only one of 108 patients so treated 
died, yet it is only with this report and a few other recent articles 
that we have got around to the idea that this is a perfectly decent 
and, in fact, the proper way to treat these abscesses. 

My first question is: Why did it take so long for us to get the 
message and what will we be missing next? Is there perhaps a 
place for selected laparoscopic investigation of liver abscesses? 
If we say there is no place for this, might we look back 10 years 
from now and say, “why did we not explore that new techno- 
logical advance?” I have one minor caveat. There are some special 
features of this series that come out of a very special institution, 
the Los Angeles County Hospital. This experience will not, I am 
sure, reflect the general experience coast to coast. The catchment 
area and the sort of patient seen at the Los Angeles County Hos- 
pital is somewhat different from that seen at most other hospitals. 
Exactly 50% of these patients were successfully treated with as- 
piration and/or antibiotics. 

Does this approach reflect the influence of Telfar Reynolds, 
MD, the extremely eminent hepatologist at your institution? Has 
he had a great influence on your way of thinking and do the 
medical people make the determination of who comes to surgery 
and when? The other notable feature in the article, although I 
think there is a ready explanation for it, is that even in this great 
and experienced institution, there was an average delay of 15 
days before the diagnosis was made. I suspect that this reflects 
the patient delay in coming to the hospital rather than doctor 
delay. Today there should be no doctor delay, given the fact that 
the serum alkaline phosphatase test has a 90% plus sensitivity 
and the CT scana 100% sensitivity. So given pain or no pain, fever 
or no fever, blood culture positive or negative, positivity of a 
single CT scan should give the answer. 

I have a few other questions: You still have a very high cryp- 
togenic rate of 36%. Do you think that this can be reduced in the 
future? Why do you have so few cases in your series of malig- 
nancies of the gastrointestinal or biliary tract, much lower than 
any other series that I know? Lastly, you made no mention of 
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multiple abscesses as opposed to single abscesses. Recent series 
have shown, unexpectedly to me at least, that multiple abscesses 
do as well as single abscesses. In the case of multiple abscesses, 
do you use one catheter, or more than one catheter? Is there any 
special relationship between multiple abscesses and the cause of 
the cryptogenic abscesses? 

Dr YELLIN : McFadzean’s original work was reported ina journal 
not widely read by American surgeons. It was referenced in the 
United States by a medical student writing a letter to the editor 
of the New England Journal of Medicine. McFadzean’s message, 
therefore, was not widely disseminated. Moreover, he proposed 
a nonsurgical therapy for a traditional surgical disease. This was 
anathema to most surgeons then, and to some, even now; hence 
the 30-year delay in adopting percutaneous aspiration as the pref- 
erential therapy for liver abscess. 

Laparoscopy is rapidly becoming an alternative to laparotomy 
for marry diseases. However, many patients with liver abscess 
have dense right upper quadrant adhesions or abscesses that are 
deep within the liver or posterior. These conditions would pre- 
clude successful laparoscopic aspiration. Additionally, radiolo- 
gists can more precisely identify, localize, and percutaneously 
aspirate these collections with their current imaging techniques. 
They are more precise with their technology than surgeons are 
in the operating room. Intraoperative ultrasound might be useful 
to locate small or deep abscesses, but it requires a skilled radi- 
ologist to assist the surgeon. 

Many of these patients are treated on the medical services. Dr 
Reynolcs, our authoritative hepatologist, influences the decision 
making. He is an advocate of aspiration. Our combined success 
rate has convinced both medical and surgical services that the 
protoco! outlined here should be used routinely. Few patients 
will need celiotomy. In otherwise asymptomatic patients, the 
medical services have not always been aggressive in searching 
for underlying etiology. Therefore, we have a high incidence of 
cryptogenic abscess. If a careful search is made, the underlying 
etiology should be identified in 90% of patients. The low inci- 
dence of malignancy in this series may be due to the younger 
patient population in our hospital. 

The large Hispanic population in Los Angeles has sensitized 
us to amebic liver abscess. We see one per week. All Hispanic 
patients with an acute right upper quadrant syndrome get an 
immediate ultrasound examination. We make the diagnosis of a 
hepatic abscess without any delay. We then differentiate between 
amebic and pyogenic abscess by serology and cultures. The 
2-week delay refers to the usual 2-week prodrome of symptoms 
prior to hospital admission. 

Most abscesses that appear to be multiple by image are actually 
interconnected and can be drained by a single catheter. Only 
three patients required multiple catheters. There was no differ- 
ence in success rates in the patients with solitary or multiple ab- 
scesses. This fact suggests that the antibiotic therapy may be even 
more important than the aspiration. This is certainly true in pa- 
tients with microabscesses. 
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Analysis of the Hemodynamic and Ventilatory Effects 
of Laparoscopic Cholecystectomy 


Catherine M. Wittgen, MD; Charles H. Andrus, MD; Stephen D. Fitzgerald, MD; Lawrence J. Baudendistel, MD; 
Thomas E. Dahms, PhD; Donald L. Keminski, MD 


@ Laparoscopic cholecystectomy uses carbon dioxide, a 
highly diffusable gas, for insufflation. With extended periods 
of insufflation, patient arterial carbon dioxide levels may be 
adversely altered. Patients were selected for laparoscopic 
cholecystectomy using the same criteria as for open chole- 
cystectomy. Twenty patients (group 1) had normal preop- 
erative cardiopulmonary status (American Society of Anes- 
thesiologists class 1), while 10 patients (group 2) had 
previously diagnosed cardiac or pulmonary disease (class II 
or İli). Demographic, hemodynamic, arterial blood gas, and 
ventilatory data were collected before peritoneal insuffla- 
tion and at intervals during surgery. Patients with preop- 
erative cardiopulmonary disease demonstrated significant 
increases in arterial carbon dioxide levels and decreases in 
pH during carbon diexide insufflation compared with pa- 
tients without underlying disease. Results of concurrent non- 
invasive methods of assessing changes in partial arterial pres- 
sures of carbon dioxide (end-tidal carbon dioxide measured 
with mass spectrographic techniques) may be misleading 
and misinterpreted because changes in partial arterial pres- 
sures of carbon dioxide are typically much smaller than 
changes in arterial blood levels and, unlike arterial gas mea- 
surements, do not indicate the true level of arterial hyper- 


- carbia. During laparoscopic cholecystectomy, patients with 


chronic cardiopulmonary disease may require careful intra- 
operative arterial bloed gas monitoring of absorbed carbon 
dioxide. 

(Arch Surg. 1991; 126:997-1001) 


S urgical laparoscopy has been most frequently used in 

gynecologic procedures. These procedures are gen- 
erally performed on young, otherwise healthy female pa- 
tients and include peritoneal insufflation of carbon dioxide 
(CO,) for a short time. Changes in hemodynamic param- 
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eters and arterial blood gas levels with the insufflation of 
this gas during these brief procedures have been exten- 
sively studied and found to be relatively insignificant.'* 
Newer gastrointestinal laparoscopic surgical techniques, 
such as clolecystectomy, are being developed and per- 
formed om older patients who may have pre-existing 
cardiac ard/or pulmonary disease. These laparoscopic 
procedures may require longer periods of peritoneal in- 
sufflation -han did previously reported gynecologic pro- 
cedures. This study describes 30 patients who underwent 
laparoscopic cholecystectomy and analyzes the changes in 
hemodynemic and ventilatory parameters. 


MATERIALS AND METHODS 

Patients were selected for laparoscopic cholecystectomy using 
the same criteria as for open cholecystectomy. All patients had 
gallstones end pain produced by biliary tract disease. Informed 
consent was obtained, and all patients were informed before sur- 
gery that cpen cholecystectomy was a possibility. All demo- 
graphic, casdiovascular, and respiratory data were collected pro- 
spectively, ntraoperative data were averaged, and all data were 
analyzed using an unpaired Student's t test. 

Patients were grouped according to preoperative cardiac and 
pulmonary status. Group 1 included 20 patients with normal car- 
diopulmonary function who were classified as belonging to 
American Society of Anesthesiologists class I , and group 2 in- 
cluded 10 patients with previously diagnosed cardiac and/or pul- 
monary dis2ase who were classified as belonging to class II or III. 
In this preliminary report, no preoperative invasive blood gas or 
cardiopulmonary evaluations were performed. All patients’ 
heart rates, blood pressures, and cutaneous oxygen saturation 
levels (as measured using a pulse oximeter [N 200, Nellcor, Hay- 
ward, Calif]) were continuously monitored during the proce- 
dures. The partial pressures of CO, measured in exhaled gas 
(end-tidal CO.) were also continuously monitored with a mass 
spectromet2r (System for Anesthetic and Respiratory Analysis, 
PPG/Biomedical, Lenexa, Kan) during the procedures. Arterial 
blood gas samples were obtained at intervals during the oper- 
ation and immediately analyzed using an infrared spectrometer 
(ABL-3, Radiometer Inc, West Lake, Ohio). Values obtained dur- 
ing laparoscopic cholecystectomy are presented as the group 
mean (+SL) of each individual’s measurements (obtained at in- 
tervals dur-ng the operations), which were subsequently aver- 
aged. Values were obtained before CO, insufflation and until the 
abdomen was decompressed. The alveolar-arterial oxygen gra- 
dient (PAo>— Pao) was calculated using the formula for deter- 
mining alveolar oxygen partial pressure: PAo, = (Fio, X 
713) — Paco..8. Carbon dioxide was used for peritoneal in suf- 
flation, and abdominal pressures were maintained at 12 to 
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Table 1.— Initial Hemodynamic and Ventilatory 
Parameters During Laparoscopic Cholecystectomy 
Before CO, Insufflation* 


Group 2 
(n=10) P 


FI METIS. | 2 






Group 1 
(n= 20) 


83.3+16.1 





















Heart rate, beats/min 


Mean arterial pressure, 


mm Hg 114.5421.9 107.6417.2 AQ 
Sao,, % saturation 98.2+1.1 96:62:0.70 .33 
End-tidal CO,, mm Hg 28.6+3.3 29.3+6.0 .68 
pH 7.47 +0.03 7.45+0.09  .56 
Paco,, mm Hg 30.7+2.9 31.9+8.4 .68 


Pao,, mm Hg 377.0+135.0 409.3+121.6 .68 


Alveolar-arterial gradient 


(Pao, — Pao,), mm Hg 164.3+98.3 263.92112.0 .13 
Minute ventilation, 
mL/kg/min 105.2 37:8 §3.2+18.2 Ul 


Peak inspiratory 


pressure, cm H,O 22.8+6.9 16.0+1.4 .26 


*Values are means + SDs of data obtained after induction of anesthesia 
and before CO, insufflation. 





Table 2.—Hemodynamic and Ventilatory Parameters 
During Laparoscopic Cholecystectomy Occurring With 
CO, Insufflation* 


Heart rate, beats/min 80.1+12.4 85.4+ 14.3 


Mean arterial pressure, 


mm Hg ` 111.8+12.8 
98.1+0.9 


34.7 + 8.8 


117.4+12.6 
Sao,, % saturation 98.3+0.8 
End-tidal CO,, mm Hg 30.7 £3.3 
pH 7.40+0.05 7.33+0.06 
36.6+5.1 46.0+9.2 
347.2+118.8 348.8+130.2 . 


Paco,, mm Hg 
Pao,, mm Hg 


Alveolar-arterial gradient 


(Pao, — Pao.) mm Hg 121+90 190+ 126 


Minute ventilation, 


mL/kg/min 


Peak inspiratory 
pressure, cm H,O 


105.1+24.2 100.0+21.9 


24.8+4.8 24.7255 


*Values are means + SDs of the average alteration in each parameter 
occurring in each patient during CO, insufflation. 


16 mm Hg in all cases. The instruments used and the technique 
of laparoscopic cholecystectomy were essentially as described 
previously. 


RESULTS 

Patients in group 2 were older (group 1, mean age, 
49.0+3.2 years; group 2, mean age, 68.3+2.5 years; 
P=.0009) and weighed less (group 1, mean weight, 
83.1+15.3 kg; group 2, mean weight, 70.8+11.9 kg; 
P=.04) than patients in group 1. The length of the pro- 
cedure as measured by the time of CO, insufflation did not 
significantly differ (group 1, mean time, 183.4+47.2 
minutes; group 2, mean time, 171.1+70.1 minutes; 
P=.58). 
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Arterial pH, end-tidal CO,, and Paco; levels in a 54-year-old patient 
with cardiopulmonary disease. Despite vigorous hyperventilation, 
arterial pH and Paco, levels were unacceptable, and the procedure 
was converted to a standard open cholecystectomy. 


Laparoscopic cholecystectomy was successfully com- 
pleted in 26 of the 30 cases. Open cholecystectomy was 
required for three patients in group 2 because of acidosis 
(two patients) and severe gangrenous cholecystitis (one 
patient), and for one patient in group 1 because of adhe- 
sions. In group 2, there was one intraoperative episode of 
bradycardia with hypotension that responded to atropine 
sulfate administered intravenously, enabling completion 
of the cholecystectomy laparoscopically. One patient in 
group 1 required open exploration 1 week after surgery to 
remove a 1-cm gallstone impacted at the cystic duct-com- 
mon cuct junction. A 76-year-old patient who underwent 
an open cholecystectomy when gangrenous cholecystitis 
was encountered during laparoscopic cholecystectomy 
died after surgery of a cerebrovascular accident. 

Initial hemodynamic parameters of the two groups were 
not statistically different (Table 1). Similarly, the initial 
ventilatory parameters obtained before insufflation of CO, 
revealed no significant differences in initial end-tidal CO}, 
pH, Paco3, Paoz, alveolar oxygen gradient, or minute ven- 
tilation between the two groups (Table 1). 

Group 1 patients with no evident cardiopulmonary dis- 
ease had increased end-tidal CO, and Paco, values and 
decreased pH values when values during CO, insufflation 
(Table 2) were compared with values before CO), insuf- 
flation (Table 1), but these changes were not significant. 
During CO, insufflation, no significant change in minute 
ventilation or peak inspiratory pressures occurred in 
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group 1 patients compared with values before CO, insuf- 
flation. 

During CO, insufflation (Table 2), significant decreases 
in arterial pH values and significant increases in Paco, oc- 
curred in group 2 patients compared with values obtained 
before CO, insufflation (Table 1). These patients had sig- 
nificantly increased minute ventilation and peak inspira- 
tory pressures when values obtained before CO, insuf- 
flation were compared with values obtained after CO, 
insufflation. 

Both groups had adequate oxygen saturation during 
CO, insufflation. There was a significant decrease in pH 
and Paco, values when group 2 patients were compared 
with group 1 patients (Table 2). There was, however, no 
significant difference in end-tidal CO, values between the 
two groups. There was a wide variation in Pao, levels, and, 
consequently, no significant difference in Pao, levels or 
alveolar-arterial gradient between the two groups (Table 
2). 

Maximal increases in individual patient values of Paco, 
were accompanied by corresponding increases in simul- 
taneously obtained end-tidal CO, measurements 
(r= .728). There wasa higher correlation between changes 
in pH and Paco, (r= .868). 

The intraoperative pH, end-tidal CO,, and Paco, mea- 
surements in a54-year-old patient with a history of chronic 
lung disease and coronary artery bypass operation who 
underwent laparoscopic cholecystectomy are presented in 
the Figure. After 80 minutes of CO, insufflation and de- 
spite aggressive hyperventilation with increased minute 
ventilation from 85 to 110 mL/kg per minute, the patient’s 
hypercarbia and acidosis could not be controlled, and the 
procedure was converted to an open cholecystectomy. 
When the patient’s arterial blood pH and Paco, values 
were severely abnermal, the end-tidal CO, was only 
slightly changed. 


COMMENT 

Air, nitrous oxide, and pure oxygen have each been 
evaluated as methods for insufflation during gynecologic 
laparoscopy. Compiications attributed to gas insufflation 
include fatal embolism, passive absorption from the peri- 
toneal cavity of an inhalation anesthetic agent that un- 
predictably augments inspiration of anesthetic agents, 
and intra-abdominal explosions resulting from electrocau- 
tery with flammable gases.’ This led to the choice of CO, 
as the most appropriate insufflation gas during surgical 
laparoscopy. *™* 

While passively absorbed, CO, retention has not been 
extensively reported because patient hyperventilation re- 
moves most of this gas from the circulation. Although rare, 
fatal emboli after CO, insufflation have been reported.° 
The most common complication was increased postoper- 
ative pain when CO, was compared with nitrous oxide in 
clinical trials.” 

In this study, all patients received CO, intraperitoneally 
for insufflation. Because of the preoperative selection of 
patients with known cardiac and/or pulmonary disease for 
group 2, the patients in this group were significantly older 
and thinner than those in group 1. Laparoscopic chole- 
cystectomy was no more difficult in either group of pa- 
tients when analyzed as a function of the length of the 
procedure. Neither age nor weight correlated with the suc- 
cess or failure of the procedure. 

Differences in hemodynamic parameters were observed 
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after insufflation of CO. Increasing Paco, values have ~ 
been shown to have a positive inotropic effect on the my- 
ocardium, to increase total peripheral resistance by vas- 
oconstriction, and to increase cardiac output.’ In this 
study, bcth groups of patients experienced immediate, 
brief increases in heart rate and mean arterial pressures 
with the onset of insufflation. This effect has been well 
documented.'**® During the procedure, after peritoneal 
distention with CO, insufflation had reached a steady 
state and the patient was stabilized, patients in group 1 
experienced decreases in heart rate and increases in mean 
arterial b-ood pressure, while patients in group 2 dem- 
onstrated increased heart rates and mean arterial pres- 
sures. These differences in hemodynamic parameters may 
be indicative of the previously reported increase in cardiac 
output.'~’° Patients in group 1, with no cardiac or pul- 
monary disease, may be able to increase cardiac output by 
increasing stroke volume alone. Patients in group 2, with 
known disease, may be more dependent on increased 
heart rate to increase cardiac output. 

None of the patients had intraoperative Swan-Ganz 
catheters placed, so exact measurements of cardiac output 
were unavailable. While Swan-Ganz catheterization is as- 
sociated with significant morbidity and is not indicated in 
healthy patients, such catheterization would have been 
helpful ir defining cardiac output. 

Insuffletion of the peritoneal cavity causes distention 
and increases intra-abdominal pressure, which, in addi- 
tion to the hemodynamic effects, can have a significant 
effect on mechanically supported ventilation. * It decreases 
diaphragmatic excursion, resulting in decreased end- 
expiratory tidal volume, which may in turn increase CO, 
retention Previous studies’” have suggested that this can 
be overcome with adequate muscle relaxation and con- 
trolled ventilation. Pressures of up to 40 cm of water have 
been documented to be well tolerated in healthy, artifi- 
cially ventilated patients receiving supplemental oxygen 
with positive pressure ventilation.’ 

Positive pressure ventilation was administered during 
all these procedures, and intra-abdominal pressures were 
maintained with CO, insufflation at 12 to 15 mm Hg. Ad- 
equate mmute ventilation was maintained and was similar 
in both groups. Arterial oxygen partial pressure was also 
adequate in both groups. Shunting, as estimated from the 
calculated alveolar-arterial gradient, increased, but not 
significartly, in patients with cardiac and/or pulmonary 
disease. This suggests that despite adequate ventilation 
and oxygenation, patients with cardiac and/or pulmonary 
disease have a different respiratory response to peritoneal 
insufflation of CO). 

As measured with noninvasive monitoring, the end- 
tidal CO; values were slightly elevated in these patients 
(this difference was not statistically significant). Periodic 
arterial blood gas analysis, however, revealed the extent 
of acidosis and hypercarbia in these patients, which was 
statisticaLy significant compared with arterial blood gas 
values obtained from patients without disease. In two 
cases, the procedure was terminated when acidosis could 
not be corrected with pharmacologic or ventilatory meth- 
ods. 

This indicates that the appropriate means for monitor- 
ing a patient with a history of cardiac and/or pulmonary 
disease who is undergoing laparoscopic cholecystectomy 
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is with frequent arterial blood gas analysis. Elevated end- 


tidal CO, values are unreliable indicators of patient con- 
dition because such values are usually only slightly ele- 
vated, may be easily misinterpreted as acceptable values, 
and may not indicate the true level of arterial hypercarbia. 

Preoperative arterial blood gas analysis in patients with 
cardiopulmonary disease who are to undergo this proce- 
dure seems appropriate. Abnormal arterial blood gas lev- 
els that might indicate hypoxia or hypercarbia would iden- 
tify those patients at higher risk for complications of CO, 
retention. In this study, preoperative room-air arterial 


_ blood gas data were not consistently available. All patients 


who underwent initial blood gas analysis were intubated 
and mechanically ventilated before arterial puncture. A 
preoperative arterial blood gas measurement and a careful 
assessment of the patient’s history should enable the phy- 
sician to make better patient selection for the procedure. 
Patients with significant cardiac or pulmonary disease 
may be adversely affected by the hypercarbia associated 
with CO, insufflation. 
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_ Discussion 

JONATHAN Sackier, MD, Los Angeles, Calif: Elective diagnostic 
laparoscopy has been performed for nearly 90 years, in many 
cases in very sick patients, under local anesthesia with few prob- 
lems. Indeed, series by Berci, Cuschieri, and others report very 
low morbidity and mortality and those that do occur are mostly 
due to needle and trocar injuries and not to insufflation. This is 
probably a function of the time taken to perform the operation, 
as diagnostic cases usually take about 20 minutes and laparo- 
scopic cholecystectomy may require 2 or more hours. I wonder, 
therefore, whether the effects described by the authors are cu- 
mulative. 

An important message here is that laparoscopic cholecystec- 
tomy is not good for all patients for many reasons, of which the 
development of hypercapnia is one. However, a number of ques- 
tions remain to be answered and may be suitable for further 
study. For instance, the use of American Society of Anesthesi- 
ologists grades to categorize patients is broad, and it may be 
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worthwhile to use a more objective scoring system administered 
preopezatively by one investigator. 

Diffe-ent anesthetic techniques could influence myocardial 
function and affect the results. I am unsure whether a uniform 
technique was used in this study. 

InhaEtional nitrous oxide, we are told, only causes intestinal 
distention in the presence of obstruction. Anyone who has seen 
the normal intestine swell because of nitrous oxide knows this 
to be a fallacious concept, and such distention could also affect 
the results by vagal response. In fact, there are many potentially 
pathoprysiological events occurring here that could influence 
gaseous exchange, such as pain or stress. How can we assure 
good intergroup control? The length of the procedure was similar 
for bot groups (about 3 hours), but as the weight varied between 
the twc groups, how did volume of gas differ? 

It is aso pertinent to note that two patients in group 2 required 
conversion for acidosis. Operating time decreases with increased 
experience. And I think the lesson here is clear—choose healthy 
cases early in one’s experience so that the procedure goes faster. 
For if clder, less healthy patients are chosen for laparoscopic 
cholecystectomy, there is no doubt in my mind that they are bet- 
ter off than with open surgery. Patients with airways or cardiac 
patholcgic conditions obviously need extra preoperative 
workup. This is not, however, to criticize conversion. Conversion 
is good itis the antithesis of surgical machismo. It is not a com- 
plication, and it represents sound surgical judgment. 

I concur with Dr Wittgen’s conclusions. Patients undergoing 
laparoscopic cholecystectomy should be carefully monitored dur- 
ing the procedure to detect the complications of carbon dioxide 
insufflation and to ensure that appropriate action is taken, be that 
temporary desufflation or conversion to open cholecystectomy. 

HERBERT FREDELL, MD, Phoenix, Ariz: Among our patients, there 
is a sigmificant incidence of cardiac and chronic obstructive pul- 
monary disease. From the conclusions of this article concerning 
complications of intraperitoneal carbon dioxide, it would seem 
that laparoscopic procedures should be performed in the older 
veteran patients after careful selection and done with meticulous 
monitoring for detection of potential cardiopulmonary compli- 
cations 

Since I am involved with surgical resident training among the 
veteran patients, I have the problems of more difficult patient 
selectian and the need to have sufficient numbers of patients to 
train for the expertise in open biliary tract surgical procedures. 
Patient segregation into open or closed procedures, within the 
increased risks present, in many of our patients, creates prob- 
lems. At present, the learning of the closed techniques is a pos- 
tresidemcy activity that still carries a high price tag, which I think 
is a shame. 

KENNETH Waxman, MD, Orange, Calif: The authors present ev- 
idence for two physiologic changes during laparoscopic chole- 
cystectemy, both related to ventilation-perfusion mismatch. The 
first is mcreased shunt, and the second is increased physiologic 
dead space. The latter was evidenced by a large increase in the 
Paco, without such an increase in the end-tidal CO,. These phe- 
nomena may be explained by collapsed alveoli from abdominal 
distention, an obvious complication of this procedure. In addi- 
tion, imcreased dead space may occur when cardiac output is 
decreased. 

The complication of shunting could be minimized by two fac- 
tors. One is minimizing the insufflation pressure of the pneu- 
moperizoneum. What were the maximum insufflation pressures 
during these procedures? This is a parameter that the surgeon 
can control. Secondly, the anesthesiologist can apply positive 
end-expiratory pressure (PEEP). Was PEEP utilized in these 
cases? _astly, might the increased dead space seen in your pa- 
tients Fave been related to decreased cardiac output? 

Morgs E. FRANKLIN, JR, MD, San Antonio, Tex: We have per- 
formed laparoscopic lymphadenectomy for prostatic cancer stag- 
ing in patients aged 60 years and older. All of these have been 
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more than 75 years old, and half have had severe chronic ob- 
structed lung disease. Icommend the authors for their moni- 
toring of pulmonary functions. We have monitored pulmonary 
function, arterial blood gases, end-expiratory carbon dioxide lev- 
els, etc, and have found exactly the same changes that they have 
reported. We have beermable to compensate for this and correct 
the acidosis by increasing the ventilation rate. 

What is your anesthesiologists’ definition of hyperventilation? 
We have not seen severe uncontrollable problems with alkalosis 
that could not be connected with hyperventilation. Some lap- 
aroscopic lymphadenectomies in patients who had previous sur- 
gery can last 4 or 5 hours, but we have not had to stop or convert 
to an open procedure on any case thus far. We have also found 
that all parameters return to negative in 1 hour or less, and we 
routinely monitor patients throughout this time. 

Dr Kaminski: The issue of the effects of laparoscopic procedures 
on the cardiopulmonary status of our patients is going to pro- 
gressively become more important as the operative procedures 
being performed laparescopically will increase in numbers and 
variety. Our intention im this study was specifically to try to eval- 
uate laparoscopic procedures being performed in elderly pa- 
tients, who have significant cardiopulmonary disease, to ascer- 
tain whether such procedures are appropriate in this patient 
population. 

The questions asked by the discussants are related to what 
kinds of activities you are going to impose on the anesthesiologist 
at the time of these procedures and what kind of abnormalities 
you are going to tolerate before you discontinue the laparoscopic 
procedure. I think this is an issue that each group of anesthe- 
sjologists and surgeons is going to have to answer. 

In several of our patients with significant chronic obstructive 
lung disease undergoing laparoscopic procedures for more than 
90 minutes, the anesthesiologist was pumping gas just about as 
hard as he could and the pH was still decreasing. The surgeon 
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will have to make a decision as to what point in time the lap- 
aroscopic precedure is going to be discontinued. The process of 
delineating which patients will tolerate laparoscopic procedures 
poorly is jus: beginning. I don’t have strong enthusiasm for the 
way our patænt population was differentiated into two groups. 
But with the basic information that we had when we began this 
study, this was the way the study was instituted. The study is 
progressing presently and utilizing more sophisticated evalua- 
tion techniqaes such as pulmonary function studies. As we con- 
tinue to stucy the process prospectively, we will need to increase 
the level of saphistication by which we divide our patient groups. 
In addition, the pressure and volume of gas utilized is going to 
need to be more carefully controlled. In the present study, in- 
flation pressure was maintained at 12 mm Hg. 

Problems associated with dead space are very important. It 
would be iceal if you could always have the patient’s head up 
to get the maximum amount of diaphragmatic excursion. We 
have utilized positive end-expiratory pressure selectively. An- 
esthesiologssts and surgeons will need to learn to manage pa- 
tients during long periods of laparoscopic activity. 

During the last 5 years, the Residency Review Committee's 
evaluations of the numbers of operative procedures performed 
by our residents compared with those performed by other res- 
idents around the country have shown that our residents per- 
formed chclecystectomies at an annual rate in the 60th to 70th 
percentile. During the most recent year in which laparoscopic 
cholecystectomy became routine, the number of cholecystecto- 
mies the residents performed in our program decreased to 20% 
compared with the national figures. Residency programs are go- 
ing to have to be responsible for teaching residents not only lap- 
aroscopic cholecystectomy but also open cholecystectomy tech- 
niques. The number of patients that are available for these 
educational efforts is going to be limited. 
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High-Intensity Focused Ultrasound in the Treatment 
of Experimental Liver Cancer 


Rong Yang, MD; Clarence R. Reilly, MS; Frederick J. Rescorla, ML; Philip R. Faught, MD; Narendra T. Sanghvi,-MS; 
Francis J. Fry, MS; Thomas D. Franklin, Jr, PhD; Lawreace Lumeng, MD; Jay L. Grosfeld, MD 


@ High-intensity focused ultrasound (HIFU) was used to 
treat Morris rat hepatoma 3924A implanted in the liver. 
Treatment was administered with a lens-focused 4-MHz 
transducer that created a focused beam of 550 W/cm’ at 
peak intensity. One hundred twelve rats with liver tumors 
were divided into two groups of 56 each. Group 1 received 
HIFU therapy while group 2 (the control group) did not. All 
rats were killed immediately or 1, 3, 7, 14, 21, or 28 days 
after treatment. Eight rats in each group were killed at each 
interval for pathologic and biochemical studies. Significant 
inhibition of the tumor growth was seen in the HIFU-treated 
group, with tumor growth inhibition rates of 65.4% to 93.1% 
from the third to the 28th day after treatment. Ultrasound- 
treated tumors showed direct thermal cytotoxic necrosis 
and fibrosis. An additional 56 ACI rats with liver tumors were 
divided into four groups of 14 each. Group 1 received dox- 
orubicin hydrochloride intraperitoneally and HIFU therapy; 
group 2, HIFU therapy; group 3, doxorubicin hydrochloride; 
and group 4 (the control group), neither HIFU nor doxo- 
rubicin hydrochloride. Significantly improved survival rates 
were noted in HIFU-treated animals (groups 1 and 2) com- 
pared with those of groups 3 and 4. These data suggest that 
HIFU may be a useful method for local treatment of hepatic 
tumors. 
(Arch Surg. 1991;126:1002-1010) 


P rimary liver cancer is one of the most common ma- 

lignant neoplasms in the world, with an annual in- 
cidence of 1 million cases. '(PP??®-3D Liver metastases oc- 
curs in 41.4% of cases and is the most common cause of 
death in all patients with cancer.** During the last two 
decades, progress has been made in the management of 
primary and secondary liver cancers, especially in early 
detection and surgical treatment.*” The overall prognosis 
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for petients with liver cancer, however, remains dismal 
because of low tumor resectability rates and the generally 
poor »esponse to chemotherapy and radiotherapy.*°” 

An 2ffective local therapy for treatment of unresectable 
liver cancer is urgently needed. Currently available tech- 
niques such as intraoperative cryosurgery with liquid ni- 
troger” and high-power neodymium (Nd):Y AG laser ther- 
apy’ rave effectively controlled some superficial liver 
cancers, but have limitations in treating large or multiple 
deep-seated tumors. Regional hyperthermia induced by 
radiof-equency waves,'” microwaves," and isolated per- 
fusion”? have been used as adjuncts to chemotherapy and 
radiotaerapy, but the clinical results have not been en- 
couraging. 

The development of high-intensity focused ultrasound 
(HIFU technology offers a potentially new approach to 
local adlation of cancer. The HIFU beam is finely focused 
on a small zone of tissue and produces rapid and intense 
heating. The high tissue temperatures (up to 100°C) can 
result n localized tissue ablation.'*'? Unlike the surface 
heatin z or freezing effect of laser surgery and cryosurgery, 
the HI-U-induced lesions can be produced at any depth 
in a solid organ by aiming the acoustic focus at the desired 
location. The intervening tissue remains intact because the 
tissue eutside the focus region remains at physiologically 
acceptable temperatures. The purpose of this study was 
to evaluate the efficacy of HIFU in treating Morris he- 
patoma 3924A implanted in the livers of rats. 


MATERIALS AND METHODS 
Animals and Tumor 


Male ACI inbred rats (Harlan Sprague-Dawley, Indianapolis, 
Ind), weighing 135 to 140 g, were anesthetized with ketamine 
hydrockloride (100 mg/kg of body weight, delivered intramus- 
cularly) for all surgical procedures. For intrahepatic tumor im- 
plantation, a 2-week-old subcutaneous growth of Morris he- 
patoma 3924A was used as the tumor source. A small subxiphoid 
midline incision was made in recipient animals through which 
the left Etteral lobe of the liver was delivered. A small superficial 
slit was made on the liver witha No. 11 surgical blade, and a small 
piece of absorbable gelatin sponge (Gelfoam, Upjohn, Kalama- 
zoo, Mith) was inserted into the incision site for hemostasis. 
When beeding ceased, the sponge was removed and a 1-mm° 
fragmert of tumor (10° cells) was gently inserted into the pocket. 
The tumor-bearing liver was returned to the abdominal cavity, 
and the abdomen was sutured closed. Treatment was begun on 
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Fig 1.—Schematic diagram of the high-intensity focused ultrasound therapy system. 


the 14th day after tumor implantation, by which time one spher- 
oid tumor about 5 mm in diameter was present in all animals. 


HIFU Treatment 


The anesthetized rats were fastened to a holding devise. Lap- 
arotomy was performed, and the tumor-bearing hepatic lobe was 
exteriorized and immobilized by placing transparent waterproof 

ę surgical tape (3M Medical-Surgical Division, St Paul, Minn) on : dabis Ultrasound 
the front and back surfaces. The animal was submerged to the Transducer 
forelegs in a tank containing 37°C, degassed, mammalian Ring- and Lens 
er's solution, completely submerging the tumor. Ultrasound 
treatment was administered using a laboratory prototype system 
(Fig 1). A gated radio frequency signal was applied to a 5.5-cm- 
diameter, lens-focused, 4-MHz quartz transducer. The trans- 
ducer produced an acoustic beam with half-intensity axial and 
lateral dimensions of 7 mm and 0.6 mm, respectively, at the 8-cm 
focal distance (Fig 2). A peak intensity of 550 W/cm? was used 
for insonation. A temporary mechanical pointer was used to cen- 
ter the tumor along the acoustic axis and to position the tumor 
surface at the focal point of the beam. A motorized three- 
dimensional coordinate system was used to move the rat in 
1.0-mm increments along the vertical and horizontal axes during 
treatment. A matrix for ultrasonic beam administration was set 
to extend 2 mm beyond the visible tumor margin. Each point in 
the matrix received insonation for 5 seconds. A microcomputer 
controlled the radio frequency signal applied to the transducer, 
resulting in a 15-second complete cycle (5 seconds on and 10 sec- Fig 2.—Beam characteristics of the 4-MHz high-intensity focused 
onds off). The mean (+SD) treatment time for each rat (with mean ultrasound “kansducer. 
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tumor diameter of 4.44+0.83 mm) was 18.52+3.39 minutes. The 
abdomen was sutured closed after treatment. 


Study 1 

After tumor implantation, 112 rats were randomly divided into 
two treatment groups. Group 1 (n = 56) received HIFU therapy, 
and group 2 (n=56), the control group, did not. The control an- 
imals each underwent a sham procedure. Group 1 animals were 
treated with ultrasound on the 14th day after tumor implantation. 
After treatment, animals in each group were randomly divided 
into seven subgroups of eight rats each. Rats in each subgroup 
were killed at a predetermined time (immediately or 1, 3, 7, 14, 
21, or 28 days) after treatment. On the scheduled day, anesthe- 
tized rats were killed by exsanguination, and blood samples were 
sent for analysis of aspartate aminotransferase, alkaline phos- 
phatase, total bilirubin, albumin, urea nitrogen, and creatinine 
levels. An autopsy was performed and revealed the following 
parameters: 

1. Liver tumor volume (in cubic millimeters) was determined 
from measurement (in millimeters) of the length (L) and width 
(W) of the tumor with an electronic digital caliper and evaluated 
according to the formula of Carlsson et al”: 


L x W? 





Tumor Volume = 


Tumor volumes were averaged for each subgroup for presen- 
tation as growth curves. The rate of tumor growth inhibition 
(TGI), measured as a percentage, was determined as follows: 


Cx- Tx 


Cx 
in which Cx and Tx are the mean tumor volumes of the control 
and HIFU-treatment groups, respectively, at killing. 

2. Gross appearance of the liver was described. Six of the eight 
specimens in each subgroup underwent histopathologic exam- 
ination. The remaining two specimens underwent microangio- 
graphic examinations. 

3. For microangiographic examination, the vascularity of the 
liver and tumor was delineated with perfusion of silicone rubber 
solutions (Microfil, Canton Bio-Medical Products Inc, Boulder, 
Colo). Red solution (MV-130) was perfused into the hepatic ar- 
tery, and white solution (MV-112) into the portal vein, via cath- 
eters placed in the abdominal aorta and portal vein, respectively. 
Curing of the silicone rubber solution and clearing of the tissues 
was performed as described by Lien and Ackerman.” Specimens 
were then cut into 2-mm slices, and the tumor vascular archi- 
tecture was observed with a stereomicroscope with x 2.5 mag- 
nification. 

4. To evaluate lung metastasis, the excised lung was inflated 
intratracheally with 10% buffered formaldehyde solution and ex- 
amined with a stereomicroscope. Metastases appeared as light 
spots and were counted. Macroscopic observations of metastases 
were confirmed with histopathologic methods. 


Study 2 


Fifty-six rats underwent intrahepatic tumor implantation. On 
the 12th day after implantation, one liver tumor 4 to 5 mm in 
diameter was detected in all rats using laparotomy. Animals were 
then randomly divided into four treatment groups of 14 rats each 
as outlined in the Table. The doxorubicin hydrochloride (Adria 
Labs, Columbus, Ohio) dose of 5 mg/kg of body weight was es- 
tablished as the maximal tolerable dose for one injection in a pre- 
liminary study concerning drug toxicity. The survival time of each 
rat was recorded. 


TGI = x 100 





Statistical Analysis 


The mean and SD of tumor volume were calculated for each 
group and compared using Student's t test. The comparison of 
tumor cure rate with lung metastasis rate was performed using 
the x? test. The survival curves were made with the Kaplan-Meier 
actuarial estimate method and the differences were analyzed for 
significance using the log-rank method. 
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*n = 74 for each group. Plus signs indicate treatment given, and minus 
signs, treatment not given. 

tAdministered intraperitoneally in a 2-g/L concentration at 2.5 mL/kg 
of bodyweight. 

Administered intraperitoneally at 2.5 mL/kg of body weight. 


RESULTS 
Study 1 

Tumor Growth.—The tumor volume of each rat is 
showr in Fig 3. Tumor growth was significantly inhibited 
in animals that received HIFU treatment and that were 
killed from 3 to 28 days after treatment compared with 
tumor growth in control animals (P = .0003 to .0228). Tu- 
mor growth inhibition rates of 65.4%, 88.2%, 92.1%, 
89.2% and 93.1% were recorded on the 3rd, 7th, 14th, 
21st, and 28th days after treatment, respectively. Tumor 
growta had ceased in six (75%) of eight HIFU-treated rats 
killed on the 28th day (their tumor volumes were the same 
as or Ess than those before treatment). 

PatkLologic Changes.—On gross pathologic examina- 
tion (immediately after insonation), discrete narrow cyl- 
inders of necrotic gray-white tissue could be clearly dis- 
cernec along the axis of the ultrasound beam on a sagittal 
plane section of the liver through the tumor (Fig 4, left). 
On the anterior surface of the liver, necrotic spots con- 
sisted of a regular matrix covering the tumor and some 
surrounding liver parenchyma (Fig 4, right). The necrotic 
tissue >xhibited a characteristic shape, being slightly wider 
on the posterior surface than on the anterior surface be- 
cause of beam spreading in the acoustic far field. Inter- 
stitial hemorrhage in the treated area was evident. De- 
layed onset of necrosis between the exposure points was 
found on day 3, at which time the insonated volume of 
tissue was a diffuse necrotic block. Necrotic tissue shrink- 
age occurred after 7 days. On days 14 and 21, a fibrous 
band eppeared around the necrotic tumor. However, re- 
growt of tumor from its periphery was identified in some 
21- and 28-day specimens. 

Samples were also examined for histopathologic 
changes. Intrahepatically implanted Morris hepatoma 
3924A was arranged in nests of large polygonal cells with 
abundant deeply staining amphophilic cytoplasm and 
large pleomorphic nuclei (Fig 5, left). Immediately after 
HIFU nsonation, evidence of prompt damage was noted 
to both the tumor cells and the surrounding liver cells in 
a welkcircumscribed zone (including the tissues above 
and below the tumor). The liver tissue outside the in- 
sonated zone showed no significant changes except for the 
preserce of an inflammatory band around the affected 
margin. Both tumor and liver cells showed cytoplasmic 
shrinkage, with cell borders becoming more distinct (Fig 
5, right). One day later, there was a well-developed, 
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Fig 3.— Tumor growth curves. The tumor volume of each rat is rep- 
resented by a data point. Open circles are values of the control 
group; dashed lines, mean values of the control group; closed cir- 
cles, values of the group receiving high-intensity focused ultrasound 
treatment; and solid lines, mean values of the ultrasound-treated 


group. 


sharply demarcated area of coagulation necrosis in the 
treated zone. Early ingrowth of granulation tissue was 
found around the edges of the necrotic zone on day 3. By 
7 to 14 days after insonation, most of the neoplasm ap- 
peared necrotic; however, in all specimens there were fo- 
cal areas of relatively unaffected tumor cells. At 21 to 28 
days after insonation, the specimens showed continued 
resorption of necrotic tissue, with development of fibrous 
tissue at the edges of the injured area. Clearly viable neo- 
plasms were identified in four (33%) of the 12 specimens. 
Some of these showed partial fibrous encapsulation, with 
an intermingling of tumor cells with a peripheral fibrous 
capsule, indicating regrowth of neoplasm in the treated 
area. 

Liver Microangiegraphy.—When the tumors were 
about5 mmin diameter, the implanted intrahepatic Morris 
hepatoma 3924A showed hypervascular qualities, such as 
irregular tortuous and convoluted arterial vessels (Fig 6, 
left). Microangiographic examination immediately after 
HIFU insonation showed that all feeder vessels to the in- 
sonated area, including branches of hepatic arteries and 
portal veins, were occluded except for a few branches 
larger than 200 um in diameter at the margin (Fig 6, right). 
Vessels around the affected area were markedly dilated, 
probably owing to aninflammatory response. Arterial ne- 
ovascularization into the insonated area occurred in an- 
imals killed 21 and 28 days after treatment. 

Liver and Renal Function.—Aspartate aminotrans- 
ferase levels in HIFU-treated animals increased during the 
first 24 hours after treatment (1313.67+519.74 U/L in 
HIFU-treated animals vs 731.29+222.68 U/L in control an- 
imals), but the difference was not significant. The serum 
total bilirubin, alkalme phosphatase, albumin, urea nitro- 
gen, and creatinine levels remained unchanged after HIFU 
treatment. 

Lung Metastasis.—Two control rats killed on day 14, 
two killed on day 21, and one killed on day 28 had lung 
metastases. In the HIFU-treated group, only one rat killed 
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on day 28 had lung metastases. The lung metastasis rate 
28 days after tumor implantation was 20.8% (five of 24 
animals) in the control group and 4.2% (one of 24 animals) 
in the HIFU-treated group, but this was not statistically 
significant. 


Study 2 

Therapy-Related Mortality. —Two rats in the group re- 
ceiving doxorubicin hydrochloride and HIFU therapy died 
premature y on the 10th and 12th days after treatment. In 
each case, autopsy showed a necrotic section of intestine 
underlying the insonated area of the liver. Lack of evi- 
dence of widespread tumor involvement indicated that 
bowel obs-ruction secondary to HIFU insonation of the 
intestine was the likely cause of death. One ratin the group 
receiving doxorubicin hydrochloride alone died on the 
15th day after treatment, when the tumor was still small 
and localized; doxorubicin hydrochloride toxic effects 
and/or sur2ical trauma were considered to have been con- 
tributing mortality factors. There was no significant dif- 
ference ir therapy-related mortality rates among the 
groups. 

Survival Time. — All rats in the control and doxorubicin 
hydrochloride-only groups died of progressive tumor 
growth, with a median survival of 38 and 42 days, respec- 
tively. Rats treated with HIFU or HIFU and doxorubicin 
hydrochloride survived significantly longer than those in 
the other two groups (P<.05 in the HIFU-treatment group 
and P<.005 in group receiving HIFU therapy and doxo- 
rubicin hydrochloride, Fig 7), with median survival of 61 
and 78 daws, respectively. Three (25%) of 12 rats receiving 
HIFU the-apy and doxorubicin hydrochloride and one 
(7%) of 14in the HIFU-only treatment group were “cured” 
of the tumor (ie, there was no pathologic evidence of tumor 
on the 150th day after treatment). There were no signif- 
icant differences, however, in survival time or tumor cure 
rates between the group receiving HIFU treatment only 
and the g-oup receiving both doxorubicin hydrochloride 
and HIFL therapy. 


COMMENT 


Previous reports have provided the rationale for enthu- 
siastically considering the use of HIFU in cancer therapy, 
especially for treatment of deep-seated tumors in some 
solid organs. First, accurately controlled tissue destruction 
produced with HIFU has been well demonstrated in the 
liver, '*!° <idney,'*15 brain, !” eye,'® spinal cord,’ testes, 5 
and blood vessels” in animals and/or humans. Taylor 
and Conrolly"® produced a necrotic lesion in a rat liver in 
which the liver surface (which was in direct contact with 
the transducer) remained completely free of macroscopic 
injury. F-y** reported that patients receiving HIFU for 
treatmen: of hyperkinetic disorders had no evidence of 
adverse effects outside the treated volume of brain tissue. 
Second, Fostimmune response against cancer may be aug- 
mented <fter curative local tumor treatment with HIFU. 
Burov and Andreevskaya* applied HIFU (350 W/cm?) to 
treat Brown-Pearce rabbit tumor transplanted in the testes 
and reparted elimination of not only the locally treated 
tumor, but also of the noninsonated metastatic nodules. 
Kaketa amd colleagues” claimed that after HIFU treatment 
(1000 W/em°) their cured rats developed a high resistance 
to subsecuent tumor development and that no tumor de- 
veloped after reinnoculation with Horie’s sarcoma. Third, 
previous studies from our laboratories have shown that 
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Fig 4.— Gross appearance of tumor-bearing hepatic lobe after high-intensity “ocused ultrasound insonation. Left, Sagittal plane section 
(1 day after insonation). Right, Anterior (A) and posterior (P) surfaces of the liver immediately after insonation. Arrows indicate entrances 


of sonic beam, and the arrowhead identifies the tumor. 





Fig 5.—Histopathologic appearance of intrahepatic Morris hepatoma 3924A. Left, Control tumor. Right, Tumor immediately after high- 
intensity focused ultrasound insonation (hematoxylin-eosin, original magnification X 40). 


the treatment efficacy of chemotherapeutic agents on tu- 
mor development could be greatly enhanced if supple- 
mented with HIFU therapy.” Fry and Johnson” re- 
ported an increased tumor cure rate (from 29% in rats with 
hamster medulloblastoma receiving HIFU alone at 1 MHz 
using a focused beam of 907 W/cm“ for 7 seconds to 40% 
in rats treated with HIFU and carmustine). Moore and co- 
workers?” also showed enhanced response of subcutane- 
ously implanted Morris hepatoma 3924A when cyclophos- 
phamide was combined with HIFU treatment (4 MHz at 
a peak intensity of 400 W/cm* for 4 seconds). 

In the studies reported herein, HIFU insonation at a 
peak intensity of 550 W/cm? for 5 seconds effectively de- 
stroyed intrahepatic tumors, inhibited tumor growth, and 
significantly prolonged survival. The mechanism of tissue 
destruction with HIFU therapy is not yet fully understood. 
Although nonthermal effects such as cavitation, which can 
cause chemical reactions and generate oxygen radicals, are 
thought to be involved when the intensity is greater than 
2000 W/cm? and exposure time less than 0.04 seconds,”” 
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heating is certainly the dominant mechanism for tissue 
destruction at an intensity of less than 1000 W/cm? and an 
exposure time of longer than 1 second.*” We have mea- 
sured Deak tissue temperatures of 80°C to 100°C at the 
sonic focal region in the liver,*! which exceeds the 58°C 
temperature?" required to create lesions with a 5-second 
thermal pulse. 

Based on cell culture studies, itis generally accepted that 
temperatures of 41.5°C to 43.5°C are more damaging to 
cancer cells than to normal cells. At higher temperatures, 
tumor cell survival declines exponentially with the heat 
dose.** However, in our histopathologic specimens, via- 
ble malignant cells were still detected in the insonated 
area, although all the normal hepatocytes in the involved 
field were destroyed. Intact tumor cells were also observed 
by Coleman and coworkers™ in patients with intraocular 
malignant melanoma treated with ultrasonic hyperther- 
mia in whom local temperatures greater than 50°C were 
mainta-ned for5 minutes. We suspect that some malignant 
cells can withstand higher temperatures (>50°C) than can 
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Fig 6.— Vascular supply for intrahepatic growth of Morris hepatoma 3924A. Left, Control tumor 14 days after implantation (original mag- 





nification x 15). Arrows indicate the tumor. Right, Tumor immediately after high-intensity focused ultrasound insonation (original mag- 


nification x20). Arrows indicate the insonation area. 
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Fig 7.—Actuarial survival curves for 56 rats with hepatomas in four 
treatment groups. Group 1 (closed squares) received doxorubicin 
hydrochloride and high-intensity focused ultrasound therapy; 
group 2 (open squares), high-intensity focused ultrasound therapy; 
group 3 (closed circles), doxorubicin hydrochloride; and group 4 
(open circles), neither doxorubicin hydrochloride nor high-intensity 
focused ultrasound therapy. 


normal cells. The threshold doses for irreversible tissue 
destruction with HIFU therapy in variant normal tissues 
has been well documented, but the doses for irreversible 
tissue destruction of in vivo malignant tissues have not 
been determined. The difference in biologic and physical 
responses to HIFU insonation between malignant and 
normal tissues must be documented before the optimal 
acoustic parameters for tumor ablation can be established. 
In these studies, HIFU therapy was administered only 
once. Additional HIFU treatment over time (before sub- 
stantial tumor regrowth) might affect destruction of all the 
malignant cells. 
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In the treatment of both primary and metastatic liver 
cancers, vascularity assumes major importance. Dimin- 
ishing or eliminating the tumor blood supply will result 
in tumor necrosis. Study 1 demonstrated that all vessels 
less than 200 um in diameter, including tumor-feeding 
vessels in the insonated area, were destroyed immediately 
after HIFU treatment. The delayed onset of tissue necrosis 
between the insonated matrix sites may be attributed to 
secondary infarction subsequent to total destruction of the 
microcirculation in the affected area. Reestablishment of 
arterial blood supply to the insonated area, however, was 
observed 3 weeks after the treatment and was accompa- 
nied by regrowth of the insonated tumor in some in- 
stances. Combination therapy with hepatic artery ligation 
or embolization, or repeated HIFU treatment, might im- 
prove the therapeutic results. 

Although the addition of preinsonative chemotherapy 
with doxorubicin hydrochloride produced a trend toward 
improved survival and tumor-cure rate, a statistical dif- 
ference was not noted between this dual treatment and 
doxorubicin hydrochloride alone. Doxorubicin hydro- 
chloride exhibits a temperature threshold effect, with en- 
hanced cytotoxicity at or near 43°C.*° Saad and Hahn” 
reported that ultrasound insonation at 1 W/cm? enhances 
doxorubicin hydrochloride cytotoxicity in vitro at temper- 
atures of 37°C to 43°C. The synergistic effect of chemo- 
therapy with conventional ultrasonic hyperthermia may 
be due to several factors: enhanced uptake of anticancer 
drugs by malignant cells through increased tumor blood 
flow and/or membrane permeability of the drug; enhanced 
cytotoxicity of certain anticancer drugs (eg, doxorubicin 
hydrochloride ) once the drugs have penetrated the cells; 
inhibition of the repair of malignant cells that were sub- 
lethally damaged by anticancer drugs; and/or the dam- 
aging or killing of malignant cells caused by hyperthermic 
or nonthermic effects. However, the interaction of HIFU 
ablation with anticancer drugs is a new research subject 
with many important unresolved issues: Does severe de- 
struction of tumor cell membrane and vasculature after 
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HIFU ablation affect the tumor-cell penetration of antican- 
cer drugs? Are the drugs already in tumor cells broken 
down under exposure to the extremely high energy and 
temperature? Should HIFU ablation be performed before, 
during, or after chemotherapy? 

It is also important to recognize all the potential com- 
plications of HIFU therapy. Liver function of animals in 
our studies after localized HIFU insonation was insignif- 
icantly affected. One complication was the unintentional 
exposure of ultrasound waves to the bowel underlying the 
liver. This finding, however, may not entirely apply to 
humans because the rat liver is too thin (4 to 6 mm) for 
significant decrease of ultrasound intensity beyond the fo- 
cus of the beam. Insertion of a protective barrier for the 
bowel may be a solution to this problem. 

Another potential concern is whether HIFU mechani- 
cally disrupts the tumor and increases the possibility of 
metastasis. A higher rate of secondary tumor develop- 
ment after HIFU treatment was observed by Fry and 
Johnson.” In their study, tumor metastasis, which was 
not present in any control animals, was found in 17% to 
44% of rats treated with HIFU (1 MHz at a peak intensity 
of 907 W/cm? for 7 seconds). However, our results showed 
that the lung metastasis rate tended to be lower in the 
HIFU-treated group than in the control group. A similar 
result was also observed by Goss and Fry” in rats with 
Yoshida sarcoma that were treated with HIFU (4 MHz at 
a peak intensity of 1600 W/cm’ for 4 seconds). It is unclear 
whether the strong radiation force generated by HIFU 
treatment can push tumor cells through damaged blood 
vessels into the circulation, potentially increasing the risk 
of metastasis.” Additional research is required to answer 
this question. 

Because HIFU can cause prompt focused-tissue destruc- 
tion ina solid organ, the availability of good imaging tech- 
niques to guide the focus to the correct position is nec- 
essary to maximize therapeutic effectiveness and safety. 
Using real-time ultrasound scanners, ter-Haar and co- 
workers? demonstrated that HIFU-induced lesions in ex- 
cised pig liver appear as hyperechogenic regions and can 
be monitored during and after insonation. In future stud- 
ies, we plan to incorporate a diagnostic ultrasound scanner 
into the HIFU therapeutic system. The location and three- 
dimensional aspects of tumors as defined by the scanner 
will be coupled to the computer of the therapeutic system 
to accurately direct the tightly focused HIFU energy at the 
defined tissue volume. The ablated tissue will be sequen- 
tially imaged to track the progress of the treatment. 

We believe that liver tumors are ideally suited for HIFU 
treatment for the following reasons: (1) The liver and its 
tumors are relatively homogeneous in acoustic imped- 
ance. (2) The location of the liver tumor, its three- 
dimensional aspects, and its relation to major vascular and 
biliary structures can be accurately determined with ex- 
tracorporal or intraoperative ultrasonography. In theory, 
if it is possible to produce an ultrasound image of the tu- 
mor, it should also be possible to ablate it with ultrasound. 
(3) Because HIFU is a local therapy that does not damage 
significant surrounding normal tissue, most patients with 
liver cancers that cannot be surgically resected might still 
be candidates for HIFU treatment. For example, patients 
with locally disseminated disease involving multiple he- 
patic lobes and/or poor hepatic functional reserve could be 
treated with HIFU, leaving enough functional paren- 
chyma for survival. (4) By adjusting the entrance angle of 
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the ultrasonic beam, deap-seated tumors in the liver, es- 
pecialy those close to vital vessels or structures such as 
the inferior vena cava, hepatic veins, major portal vein 
branches, or hepatic ducts, where surgery may be haz- 
ardous, could potentially be safely treated if accurate im- 
aging and localization techniques were available. (5) By 
combining HIFU with an ultrasound imaging device, ex- 
tracordoral HIFU insonation of liver cancers could be per- 
formed, thereby allowing multiple treatments over time if 
necessary. This may also allow retreatment of recurrent 
tumors after surgical resection. 

The study of HIFU tissue ablation dates to as early as 
1944.°* Few studies, however, have evaluated the possible 
application of HIFU in tumor therapy. Fewer than 15 rel- 
evant reports have been published worldwide. The lack 
of interest in this area may be due to the failure of rec- 
ognizing the potential superiority of HIFU compared with 
other therapies. As we mentioned, HIFU is the only 
method by which remote damage can be induced deep 
within an organ without injury to the overlying tissue. 
Thus, it is a potentially noninvasive tumor therapy. This 
therapy was impossible before the recent advent of so- 
phistiated imaging techniques (eg, computed tomogra- 
phy, magnetic resonance imaging, and real-time B-mode 
ultrascnography) that enable the delineation of deep- 
seated tumors and the precise guidance of HIFU beams to 
the targets. This report may be the first systemic study of 
HIFU -umor ablation that confirms the effectiveness of 
HIFU in destroying tumor tissue and prolonging survival 
of experimental animals. Further investigation of the op- 
timum treatment plan and of the therapeutic efficacy and 
safety of HIFU therapy is warranted. 
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Discussion 

THomas R Weser, MD, St Louis, Mo: Liver cancer, primary and 
metastatic, has been refractory to even aggressive protocols of 
adjuvant therapy, and the mainstay of therapy continues to be 
surgical exGsion. However, as pointed out by the Indianapolis 
group, few liver tumors are resectable when discovered; there- 
fore, novel end unique approaches to liver tumors must be sought 
and tested. A number of newer techniques, such as isolated liver 
perfusion with chemotherapy agents, cryosurgery, laser surgery, 
regional hyperthermia, and radiation implants, show early 
promise ony to fall into disfavor as results of large series are 
published snowing little or no response and no prolongation of 
survival. 

The present experimental study by the group from Indiana is 
an attempt to utilize a newer technology, high-intensity focused 
ultrasound (HIFU), to attempt local control of an implantable mu- 
rine hepatoma. They present histologic data to support the con- 
cept that this HIFU can indeed kill tumor cells, presumably by 
the development of intense lethal heat production within the tu- 
mor. There is a suggestion that the use of HIFU with an added 
chemotherapeutic agent, Adriamycin, provides improved sur- 
vival, although not achieving statistical significance over HIFU 
alone. The euthors have several long-term survivors in these lat- 
ter groups es well. 

The tumors treated in this series of experiments are extremely 
small, 4 to 5mm. Does the technology exist to treat a much larger 
field? Most unresectable liver cancers obviously are much larger 
than the tumors treated in these experiments. The treatments 
were performed via laparotomy. And even though the authors 
outline a plen of percutaneous treatment using ultrasound guid- 
ance, in practical terms is this really possible? 

Because cf the multicentricity of many liver tumors, particu- 
larly metastatic tumors, would it be necessary to treat the entire 
liver to ensure that all tumor is exposed to the ultrasound energy? 
This could -esult in significant damage to normal tissue. Two 
animals in these experiments died of probable bowel injury from 
HIFU, and tnis possibility must be taken into account when using 
transabdominal treatment. High-intensity focused ultrasound 
apparently works at least in part by obliterating blood supply to 
the tumor, which, as the authors point out, may preclude ef- 
fective chemotherapy after the HIFU treatment. 

Therapy cirected at the prevention of revascularization by the 
inhibition of tumor angiogenic growth factors might be an im- 
portant adjuvant to explore. Have the authors pursued or do they 
plan to pursue this avenue? The authors conclude by stating that 
HIFU needs further study, and I would heartily concur with that 
statement. Like any good preliminary experimental study, more 
questions than answers are the result of these experiments. We 
will anxiously await further studies from the Indiana group to 
clarify some of these confusing issues. 

Dr GrosrE_p: While this study is experimental and some of the 
observations noted in rodent species may not always apply to 
humans, the results are promising. The tumor used in this study 
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was a highly malignant liver tumor that is almost always uni- 
formly fatal within a short period of time. However, this new 
ultrasound system delivers intense heat that totally cured some 
of the animals of the implanted tumor, regardless of whether they 
received a chemotherapeutic agent. This suggests that this tech- 
nique may be a useful adjunct. Dr Weber’s comment regarding 
the need to protect the rat bowel is important. We thought the 
rat’s thin abdominal wall played a role in the injury to the in- 
tervening bowel. Once the bowel was protected, this complica- 
tion was avoided. 

A question was raised regarding whether the size of the treat- 
ment matrix area used in a small animal model would be adequate 
in a larger subject. In more recent studies using a rabbit (which 
is a significantly larger animal) model, we were able to success- 
fully treat intrahepatic tumors as large as 5 g by increasing the 
size of the matrix using a wider focus. In fact, in the larger animals 


the ult-asound treatment takes a shorter time. It took approxi- 
mately 20 minutes to treat each rat because we used a 1-mm hor- 
izontal and vertical matrix all across the tumor. 

In the rabbit, the matrix is widened and the treatment time is 
significantly shortened. Therefore, we believe this technique 
may be more applicable in a larger animal model. We have not 
emplored this treatment in humans as yet. 

Our current technique incorporates more sophisticated tech- 
nology into the system. The ultrasound system is attached to a 
computer, which demonstrates a three-dimensional picture of 
the tunor. This permits us to treat both surface lesions and tu- 
mors æ varying depths within the liver substance. Multifocal le- 
sions ia the liver could also be treated with this modality. In some 
cases cf metastatic liver disease where there are single, double, 
or muEiple nodules, this type of localized therapy, if successful, 
might obviate the need for hepatic resection. 


In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


Bad News: Delivery, Dialogue, and Dilemma: 
Timothy E. Quill, MD, Penelope Townsend, EN, BSN 


The narrative from a real patient encounter is usec to illustrate the powerful effect 
that delivering bad news can have on both patient and physician. The meaning of bad 
news to the patient may be quite different than the medical or the personal meaning 
to the physician. Differences in perception must be =xplored and understood before 
the common ground necessary ‘or joint decision making is established. Initial patient 
responses can be divided into three categories: (1) basc psychophysiologic (fight-flight 
or conservation-withdrawal), (Z) cognitive, and (3) acfective. Responses vary consid- 
erably depending on the meaning of the diagnosis `o the patient, the degree of im- 
mediate threat, and the patient’s previous experience with illness. Desired outcomes 
of the initial meeting include (1) minimizing aloneness and isolation for both patient 
and physician; (2) achieving a common perception >f the problem; (3) giving infor- 
mation tailored to the immediate needs of the patiens (4) addressing immediate med- 
ical needs, including the risk of suicide; (5) respondirg to immediate discomforts; and 
(6) ensuring a basic plan for follow-up. Though all -linicians deliver bad news, few 
have had formal training or open exploration of the >rofound potential impact of the 
experience. (Arch Intern Med. 1991;151:463-468). 


Reprint requests to Department of Medicine, The Genesee Hcspital, 224 Alexander St, Rochester, NY 


14607 (Dr Quill). 


1010 Arch Surg—Vol 126, August 1991 





Liver Cancer—Yang et al 


The Significance of Portal Vein Thrombosis 
After Distal Splenorenal Shunt 


Gongliang Jin, MD, Layton F. Rikkers, MD 


@ The aims of this study were to determine the incidence of 
portal vein thrombosis after the distal splenorenal shunt, to 
identify any predictive factors, and to assess the clinical sig- 
nificance of this complication. Preoperative and postoper- 
ative angiograms and clinical evaluation were reviewed in 
124 patients who underwent distal splenorenal shunts. Total 
and partial portal vein thrombosis were seen on 13 (10.5%) 
and 22 (17.7%) postoperative angiograms, respectively. The 
only preoperative variable correlating with development of 
portal vein thrombosis was portal venous perfusion, which 
was significantly lower in patients with than in those without 
portal vein thrombosis. In six of 10 patients with postop- 
erative pancreatitis, portal vein thrombosis developed. The 
frequency of early postoperative complications was signif- 
icantly greater in patients with total portal vein thrombosis 
than in those with partial or no thrombosis. Long-term 
follow-up has shown no significant effects of portal vein 
thrombosis on late ascites, encephalopathy, or survival. 
(Arch Surg. 1991;126:1011-1016) 


l n addition to decompression of esophagogastric varices, 
objectives of the distal splenorenal shunt (DSRS) in- 
clude preservation of hepatic portal perfusion and main- 
tenance of portal venous hypertension.’ Although the ma- 
jor cause of lost portal flow after the DSRS is gradual 
collateralization from the superior mesenteric venous cir- 
cuit to the decompressed gastrosplenic component of the 
portal venous system, early postoperative absence of he- 
patic portal perfusion is most frequently secondary to por- 
tal vein thrombosis (PVT). The clinical significance of PVT 
after the DSRS is controversial, with some series reporting 
subsequent high morbidity and mortality and others find- 
ing minimal influence of this complication on the early 
postoperative course.*'* The aims of this study were to 
determine the incidence of PVT after DSRS, to identify 
predictive factors, and to assess the short- and long-term 
clinical significance of this complication. 


Accepted for publication April 7, 1991. 
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PATIENTS AND METHODS 


From January 1978 through April 1990, 137 patients underwent 
DSRS for var ceal bleeding at the University of Utah Medical Cen- 
ter, Salt Lak2 City; the Salt Lake City Veterans Administration 
Medical Certer; the University of Nebraska Medical Center, 
Omaha; and the Omaha Veterans Administration Medical Cen- 
ter. All operetions were performed by a single surgeon (L.F.R.). 
One hundred twenty-four patients who received both preoper- 
ative and early postoperative (1 to 3 weeks) visceral angiography 
and had patent portal veins on the venous phase of preoperative 
superior mesenteric arteriography compose the population for 
this study. Thirteen patients, including two with a preoperative 
diagnosis of PVT and 11 with incomplete preoperative or post- 
operative anziography, were excluded. 

During the preoperative and intraoperative evaluation, the fol- 
lowing variables were assessed in all patients: age, cause of liver 
disease, Chili’s classification, serum albumin, serum total bilir- 
ubin, platelet count, prothrombin time, partial thromboplastin 
time, operative time, and intraoperative blood transfusion. 
Child’s class-fication was determined by a scoring system as pre- 
viously described. 1° 

Hepatic hemodynamics were assessed by visceral angiogra- 
phy, which was obtained preoperatively and in the early post- 
operative interval. An angiographic study consisted of selective 
superior mesenteric, splenic, and hepatic arterial injections, left 
renal vein opacification, and corrected sinusoidal pressure (he- 
patic venous wedge pressure minus free hepatic vein pressure). 
The portal perfusion grade was qualitatively assessed from the 
venous phas2 of the superior mesenteric arterial injection: grade 
1, visualization of the peripheral intrahepatic radicles; grade 2, 
opacification of only the secondary and tertiary radicles of the 
portal vein; grade 3, visualization of only the main portal vein and 
the major lef and right branches; and grade 4, absence of portal 
venous opac-fication.'* The presence or absence of thrombus in 
the portal ven was determined on the venous phase of the su- 
perior mesenteric angiogram. Three groups of patients were 
identified: those with total PVT (Fig 1), patients with partial PVT 
(Fig 2), and -hose with no evidence of PVT. In the absence of 
portal venous opacification (grade 4), total PVT was confirmed 
by lack of patal vein visualization after hepatic venous wedge 
injection of contrast and/or lack of portal venous flow on duplex 
ultrasonography. 

Indicators of postoperative morbidity were ascites severe 
enough to require intensive medical management, moderate or 
severe encephalopathy, and duration of postoperative hospital 
stay. Encephalopathy induced by gastrointestinal bleeding and 
altered mental status initially appearing just before death from 
hepatic failuse were excluded. Operative mortality was defined 
as death occarring during the same hospitalization as the op- 
eration or within 30 days postoperatively for discharged patients. 
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Fig 1.— Venous phase of postoperative superior mesenteric arterio- 
gram showing total thrombosis of the portal vein. Only a small rim 
of proximal portal vein (arrows) is opacified. No intrahepatic portal 
radicles are visualized. SMV indicates superior mesenteric vein. 
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Fig 2.— Venous phase of postoperative superior mesenteric arterio- 
gram showing partial, nonocclusive thrombosis of the main portal 
vein (large arrow). Opacified intrahepatic portal radicl2s (small ar- 
rows) indicate that hepatic portal perfusion is still present. SMV in- 
dicates superior mesenteric vein; PV, portal vein. 


A DSRS with portal-azygous disconnection was performed us- 
ing the technique described by Warren and Millikan. ° Although 
splenopancreatic disconnection’® was not done in any patient, 
careful attention was directed to ligation of the coronary vein at 
its junction with the portal vein, the umbilical vein as close to the 
liver as possible, and the gastroepiploic vein at multiple sites 
along the greater curvature of the stomach. 

Statistical analyses included unpaired Student's f test, the x? 
test, and the one-way analysis of variance with no seplications. 
A P<.05 was considered significant. All values are expressed as 
mean+SD. 
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Table 1.—Preoperative and Intraoperative Data* | 


Total PVT Partial PVT No PVT 
(n=13) (n=22) (n= 89) 


Sez, % M 77 77 66 
Aleoholic cirrhosis, % 38 68 56 


















Child’s class C, % 15 18 19 
AE, y 50+14 54+12 52+11 
Sesum albumin, g/L 34+4 33+6 33+6 
Sesum bilirubin, 


amol/L 21412 34+12 34+3 









Platelet count, x 10°/L 147.470 125 £61 138 +68 
Prethrombin time, s 14.8+1.9 13.9+1.7 14.2+1.4 
Pa tial 

thromboplastin 

ime, s 38.7 £7.0 38.127.5 38.0+7.9 
Int aoperative blood 

ransfusion, U 2.6+2.6 2.4+1.5 2021.2 





Operative time, h 5.2+0.9 


*PVT indicates portal vein thrombosis. Except for sex, alcoholic 
cirrhosis, and Child’s class C, values are mean + SD. 


RESULTS 
Incidence of PVT 

In 35 patients, PVT developed in the early postoperative 
interval after DSRS, giving an overall incidence of 28.2%. 
Tweaty-two (17.7%) of these patients had a partial PVT. 
The remaining 13 (10.5%) had total PVT, with three (2.4%) 
of these 13 also having had thrombosis of the superior 
mesenteric vein. 


Patient Profile 

Table 1 compares patients with total, partial, andno PVT 
with respect to several preoperative and intraoperative 
varicbles. Preoperative values for age, cause of liver dis- 
ease Child’s classification, albumin, total bilirubin, plate- 
let ceunt, prothrombin time, partial thromboplastin time, 
opemtive time, and intraoperative blood transfusion were 
not significantly different among the three groups. The 
incicence of PVT was similar in patients with alcoholic 
cirrhosis and nonalcoholic diseases. In 20 (28.6%) of 70 
alcoholic cirrhotics and 15 (27.8%) of 54 patients without 
alcoholic diseases, PVT developed following DSRS. When 
total PVT was considered separately, the incidence was 
not significantly different between patients with alcoholic 
cirrhosis (7% [5/70]) and nonalcoholic diseases (15% 


[8/52]). 


Portal Venous Hemodynamics 

Tke preoperative portal perfusion grade was signifi- 
canty greater (worse portal perfusion) in patients with 
total PVT (2.3+0.6, n=13, P<.05) and partial PVT 
(2.3=0.7, n=22, P<.05) than in patients without PVT 
(2.0+0.6, n=86). This factor was not evaluated in three 
patients without PVT because the preoperative angio- 
grans were unavailable. However, the patency of the por- 
tal vzin was documented by radiographic reports in all of 
thes patients. Postoperative hepatic portal perfusion was 
absent in 13 patients, all of whom had total PVT. Preop- 
erat-ve corrected sinusoidal pressure was not significantly 
different between patients with PVT (either partial or total; 
15.6+7.2mm Hg, n=33) and those without PVT (16.5+5.5 
mm Hg, n=77). 
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Total PVT 


Early 
No. of patients 13 22 89 


Death, No. (%) 4 (30.8)t 1 (4.5) 5 (5.6) 


Severe ascites, 
No. (%) 

Encephalopathy, 
No. (%) 


Mean (+SD) 
hospital stay, d 


Partial PVT No PVT 


% (69.2)t 5 (22.7) 9 (10.1) 


3 (23.1) O (0) 4 (4.5) 


37.8=11.0t 19:32:75 20.2 + 13.4 


No. of patients 21 78 


Mean (+SD) 


follow-up, mo 51+ 26 49+29 48+21 


Survival, No. 
(%) 5 (66.7) 
Encephalopathy, 
No. (%) D (0) 2 (9.5) 4 (5.1) 
Ascites, No. (%) 1 (81.1) 3 (14.3) 9 (11.5) 
*PVT indicates portal vein thrombosis. Late survival excludes operative 


deaths. 
tP<.02, total vs partial and no PVT. 


12 (57) 48 (61.5) 


Early Postoperative Mortality and Morbidity 

Operative mortality, the incidence of early postopera- 
tive ascites and encephalopathy, and the duration of hos- 
pitalization for the three groups are given in Table 2. The 
DSRS was performed as an emergency in 12 of the 124 
patients. Of 10 operative mortalities, four patients (two 
with total PVT and two with partial PVT) underwent emer- 
gency operations. Four of 13 patients with total PVT died 
of hepatic failure within 30 days of surgery or during the 
hospitalization in which surgery occurred, resulting in an 
operative mortality ef 30.8% (4/13), which was signifi- 
cantly greater than for patients with partial PVT (4.5% 
[1/22], P<.01) and ne PVT (5.6% [5/89], P<.001). Severe 
postoperative ascites was the most common complication 
in the group with total PVT (69.2% [9/13] of patients). As- 
cites and encephalopathy were significantly more fre- 
quent in patients with complete PVT than in patients with 
partial or no PVT (Table 2). These complications were the 
major causes of relatively prolonged duration of hospi- 
talization in patients with total PVT. Operative mortality, 
incidence of ascites and encephalopathy, and length of 
hospitalization were not significantly different between 
patients with partial and those with no PVT. 

Ten patients (8.1%) had pancreatic complications, in- 
cluding acute pancreatitis in four, pancreatic pseudocyst 
in three, pancreatic abscess in two, and pancreatic ascites 
in one, after DSRS. Although the incidence of pancreatic 
complications was higher after emergency operations 
(17% [2/12}) than after elective DSRS (7% [8/112]), the dif- 
ference was not signiticant. In six of these patients, either 
total (n = 4) or partial (n = 2) PVT developed. The mortality 
for patients with pancreatic complications was 60% (6/10). 
Four of the deaths were in patients with total PVT. How- 
ever, all three patients with pancreatic pseudocysts sur- 
vived. 
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No. of 
Patients 
With DSRS 


Total PVT, 
No. (%) 


Partial PVT, 
No. (%) 











Rotstein & al? 
Maillard et al? 19 1 (5.3) 





18 (18) 













Henderson et al* 100 5 (5) 
Saubier and 

Gouilla® 40 2 (5) 10 (25) 
Raia et al 45 4 (8.9) ey 
Bolondi eal’ 29 3 (10.3) 3 (10.3) 
Orozco e al’ 113 21 (18.6) 
Maffei-Faecioli 

et al? 70 5.1) 2 (2.9) 
Spina et a’? 90 10 (11.1) 16 (17.8) 
Inokuchi and 

Sugimachi" 20 2 (10) cia 
Present series 124 13 (10.5) 22 (17.7) 
Total (10.2) El (15.7)T 





*PVT indieates portal vein thrombosis; DSRS, distal splenorenal 
shunt. 

tPercentage based on 453 patients who were evaluated for partial 
PVT. 


Late Postoperative Mortality and Morbidity 

The long-term mortality and morbidity data are given 
in Table 2. Six patients without PVT were unavailable for 
follow-up. All groups have been followed up for a mean 
of 4 years or longer. Although the group with total PVT 
contained only nine patients, there were no apparent ef- 
fects of either total or partial PVT on long-term survival or 
on the devalopment of late postoperative encephalopathy 
or ascites. 


COMMENT 

The frecuencies of total PVT (10.5%) and partial PVT 
(17.7%) in this series are similar to those previously re- 
ported in the literature (Table 3).*"! Portal vein thrombosis 
as an early postoperative complication of DSRS was first 
recognizec in 1978.” Since then, multiple reports have 
appeared, with the incidence of total and partial PVT rang- 
ing from 5% to 19% and from 3% to 25%, respectively (Ta- 
ble 3).*"' Since postoperative angiograms were not done 
in all patients in some of these series, these incidences may 
be underestimates. 

The pathogenesis of PVT after DSRS is uncertain. Anal- 
ysis of this series suggests two potential predisposing fac- 
tors: (1) decreased preoperative hepatic portal perfusion, 
and (2) development of postoperative pancreatitis. The 
combined group of patients with total and partial PVT had 
a higher mean preoperative portal perfusion grade, indi- 
cating lower portal flow to the liver, than patients without 
PVT. Although preoperative portal perfusion grade was 
significant-y worse in patients with PVT, the overlap be- 
tween groups was considerable, making this hemody- 
namic variable a weak predictor of post-DSRS PVT. The 
major reason for diminished hepatic portal perfusion in 
patients w-th cirrhosis is a high hepatic portal venous re- 
sistance, which leads to extensive portosystemic collater- 
alization. Interruption of these collaterals in patients with 
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a high hepatic vascular resistance probably leads to stag- 
nation of portal flow and subsequent PVT in some pa- 
tients. An analogous situation is thrombosis of arterial by- 
pass grafts when resistance is high in the circulation distal 
to the graft and insufficient collateral pathways are present 
for adequate runoff. The large experience with the DSRS 
at Emory University, Atlanta, Ga, supports this proposed 
mechanism for post-DSRS PVT. The Emory surgeons 
found an increased frequency of postoperative PVT after 
they altered their operative technique to ensure more me- 
ticulous and complete interruption of collaterals.’ 

Pancreatic complications after the DSRS have not been 
commonly recognized.'® In fact, the association of post- 
DSRS PVT and pancreatitis has not been previously re- 
ported. In this series, 10 patients had postoperative pan- 
creatic complications and six of these patients had 
associated PVT. Although this does not prove a cause- 
and-effect relationship, it is likely that post-DSRS pancre- 
atitis predisposes to PVT. This combination is particularly 
lethal in that all four patients with total PVT and post- 
operative pancreatitis died in the early postoperative in- 
terval. 

Rotstein and coworkers? were the first to report that PVT 
after the DSRS is associated with significant early post- 
operative morbidity and mortality. In contrast, Henderson 
and coauthors* found no higher mortality or morbidity in 
five patients with total PVT or 18 with partial PVT than in 
those who had no evidence of PVT on postoperative an- 
giography. In this investigation, total PVT, but not partial 
PVT, led to a significantly higher operative mortality and 
more frequent early postoperative encephalopathy and as- 
cites, resulting in a longer mean duration of hospitaliza- 
tion than was experienced by patients with either partial 
PVT or no PVT. Partial PVT is innocuous because it in- 
frequently progresses to total thrombosis. Rather, the nat- 
ural history of partial PVT appears to be spontaneous res- 
olution of the incompletely occluding thrombus. * 

In contrast to its adverse impact on the early postop- 
erative interval, surviving patients with total PVT had 
long-term courses similar to those of patients with partial 
PVT and no PVT. Of the nine patients with total PVT sur- 
viving the early postoperative interval, one died of pan- 
creatic abscess 3 months after DSRS and two died of he- 
patorenal failure at 15 and 72 months. The clinical courses 
of the remaining six patients have been satisfactory, and 
all are still alive with an average follow-up of 54 months 
(range, 26 to 96 months). Recanalization of the portal vein, 
development of hepatopetal collaterals, and hepatic ar- 
terial compensation for lost portal flow are all potential 
contributors to the complication-free, long-term survival 
of these patients with total PVT. However, no late post- 
operative angiograms or duplex sonograms have been 
done to assess any of these factors. Even if portal flow is 
absent, maintenance of intestinal venous hypertension 
may be beneficial by inhibiting intestinal absorption of ni- 
trogenous substances that have been implicated in the 
pathogenesis of encephalopathy." 

Whatis the appropriate treatment for patients with post- 
DSRS PVT? First, this complication must be diagnosed. 
Thus, development of early postoperative encephalopa- 
thy, ascites, or progressive hepatic functional deteriora- 
tion during the early postoperative interval after the DSRS 
is an indication for angiography or duplex ultrasonogra- 
phy. We have generally treated patients with total PVT 
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expec-antly. Because anticoagulation may be associated 
with considerable morbidity during the early postopera- 
tive irterval in patients with portal hypertension and be- 
cause it does not reverse the underlying portal hemody- 
namic factors that predispose to PVT, we have not used 
anticcagulation therapy in patients with either partial or 
total PVT. Another reason not to use anticoagulation is 
that the thrombotic process rarely progresses. Thrombosis 
extended to the superior mesenteric vein in only three pa- 
tients in this series, and other investigators have demon- 
strated that the natural history of partial | PVT is sponta- 
neous clot lysis rather than propagation. * Although one 
grour has suggested operative portal vein thrombectomy 
followed by portal arterialization for patients who have a 
deteriorating clinical course, the single patient who was 
treated in this manner did not survive.~ A more logical 
surgical treatment for any patient with unexpected hepatic 
functional deterioration after the DSRS is prompt ortho- 
topic iver transplantation if the patient meets the criteria 
for this procedure. Since the initiation of a liver transplant 
program in our institution, we have found it necessary to 
use this approach on only one occasion. 

A purported advantage of the DSRS in future transplant 
candidates is that the hepatic hilum is avoided. However, 
considering that approximately 10% of patients will suffer 
total PVT after the DSRS, should this shunt be used in 
transplant candidates? Patients with significant impair- 
ment of hepatocellular function or symptoms secondary 
to chronic liver disease should undergo hepatic transplan- 
tation rather than a portosystemic shunt when they bleed 
from esophagogastric varices.” Patients with good he- 
patic functional reserve (Child’s class A) and with variceal 
hemorrhage as the only manifestation of their liver disease 
can b2 appropriately treated by portal decompression if 
endoscopic sclerotherapy has failed or is notindicated. We 
believe that the DSRS is the shunt of choice for most of 
these patients, because preservation of hepatic portal per- 
fusion and maintenance of intestinal venous hypertension 
have beneficial influences on quality of survival, ie, a lower 
frequency of encephalopathy.~ Even if total PVT devel- 
ops, the option of liver transplantation i is not eliminated. 
Mazzaferro and coauthors” performed liver transplants in 
18 pacients who had previously undergone a DSRS. Al- 
though four of these patients had thrombosed portal 
veins liver transplantation could be accomplished by in- 
terposing a vein graft between the donor portal vein and 
the recipient superior mesenteric vein. Even diffuse 
splanchnic venous thrombosis does not always preclude 
liver transplantation. Hepatic transplantation has been 
successfully performed in our institution in patients with 
diffuse splanchnic venous thrombosis by reestablishing 
porta. venous flow via an enlarged mesenteric collateral. 
Only three patients (2.4%) in this series had superior me- 
sentecic vein thrombosis in association with total PVT, and 
none of them were transplant candidates. 
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Discussion 

Nerson J. GurtL, MD) Iowa City, Iowa: I was impressed with 
its style and grace of exposition at the first reading and with its 
scientific merit and significant clinical information on the second 
reading. These opinions may be testimonials to the competing 
muses of Bacchus and Speedo. But sober reading and somber 
reflection on this manuscript when it appears in print, which I 
encourage all of you to-do, will be rewarding. The article neatly 
describes the significant complication of PVT in the DSRS with 
an incidence of about 10% for total and 18% for partial throm- 
bosis. And it certainly is significant because of the clear associ- 
ation with high mortality and the early postoperative complica- 
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tions of ascites and encephalopathy. 

In the artide, the authors carefully dissect the clinical and ra- 
diological information to discover that the only preoperative vari- 
able correlatmg with the development of PVT is portal venous 
perfusion, as assessed semiquantitatively on preoperative vis- 
ceral angiography. Unfortunately, this variable is not predictive. 
On the othe: hand, the development of postoperative pancre- 
atitis is associated with the PVT. I think we have to concentrate 
our attentior on why the pancreatitis develops. The question of 
how to avoic this complication is an obvious one, the answer to 
which deperds, I suppose, on the mechanism. My questions fol- 
low. 

What comes first, the pancreatic complication or the PVT? Do 
you have ary information on the temporal recognition of pan- 
creatic comolications vis-a-vis the angiographic findings of 
thrombosis? 

Second, are there lessons to be learned from the seemingly 
analogous s tuation of venous thrombosis in pancreatic trans- 
plants? 

Third, what are the hemodynamic mechanisms involved other 
than the postulated increased hepatic resistance? There are some 
discrepancies which I'd like Dr Rikkers to explain. Although pre- 
operative pcrtal vein perfusion is slightly worse in patients who 
are going tc develop PVT, the corrected sinusoidal pressure is 
similar in both the thrombotic group and the nonthrombotic 
group. Does this mean that the hepatic arterial inflow is higher 
in the patients who will develop PVT? Shouldn't this higher ar- 
terial inflow predict a better response to shunt, even a so-called 
selective on2? 

And finaly, although not addressed in the manuscript, I was 
wondering about their rebleeding rate. Since this is the Achilles’ 
heel of the selective shunts, I wonder whether there was any 
difference between the groups. 

I. JAMES Sarren, MD, Orange, Calif: Dr Rikkers, congratulations 
onan excellent presentation and an elegant piece of work. As you 
know, we’ve had some experience with acute portal vein and 
shunt thromboses after the small-diameter portacaval H-graft. In 
our experience, these occur within 48 to 72 hours of operation. 
There are some telltale signs, with a precipitous drop in urine 
output, reversal of sodium-potassium ratio in the urine electro- 
lytes, and rapid accumulation of ascites postoperatively. 

We have been fortunate to be able to treat all of these throm- 
botic events in this acute postoperative phase by using throm- 
bolytic agerts infused directly into the portal system and into the 
clot postoperatively without any untoward sequelae in terms of 
hemorrhagic complications. 

Let me ask you several questions along these lines. 

First, do most of the portal vein thromboses after DSRS occur 
within this time frame of 48 to 72 hours postoperatively? 

Second, have you seen the same kind of fluid and hemody- 
namic changes as we have with occurrence of the thrombosis? 

Third, ard this is more a statement, I would not be so con- 
cerned in terms of lytic therapy as long as it is done regionally, 
which you ean do by percutaneous cannulation of the portal sys- 
tem postop=ratively. In our experience, when we have used lytic 
therapy and the clot is cleared, there has been no rethrombosis 
after the therapy is withdrawn. I might suggest to you that while 
the inciting mechanism might be stagnation in the portal system 
caused by «he DSRS, it could also be aided and abetted by the 
postoperative hypercoagulable state. Therefore, perhaps if you 
lyse the clot by percutaneous methods, the portal vein might stay 
open on a ong-term basis. 

FRANK T. JORDAN, MD, Las Vegas, Nev: I'd like to ask the authors 
if they have any quantitative means now after they’ve put to- 
gether them data on either preoperative angiogram measure- 
ments, sinasoidal pressures, or intraoperative measurements 
which wold preclude doing the distal splenorenal shunt and 
perform a more conventional shunt? 

PHILLIP Benpick, MD, Royal Oak, Mich: Along that same line, 
I would ask the authors, in regard to their preoperative assess- 
ment of portal venous perfusion, have they directed any attention 
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to the increasingly quantitative capabilities of duplex ultrasound 
flow measurements? These are skills being developed in radi- 
ology ultrasound departments and vascular laboratories around 
the country in which portal venous flow can be quantitated in 
terms of milliliters per minute, or any number of other objective 
measures. Would the authors care to speculate on how this pre- 
operative knowledge might affect their management and 
decision-making processes? 

The second question relates to the association of PVT with the 
increased early morbidity and mortality. Do the authors feel this 
is an independent factor related to the morbidity and mortality, 
oris PVT simply a dependent indicator of other problems in these 
patients which lead to these complications? 

Epwarp A. Danko, MD, San Bernardino, Calif: I'd like to follow 
up further on the last two comments. 

This work gives us some important observations. If we do have 
a preoperative test that shows us that the portal venous flow is 
poor, maybe these are the patients that should not be treated with 
the DSRS. Perhaps these patients should be diverted with an 
end-to-side portacaval shunt. 

These patients have more severe liver disease where reversal 
of portal flow certainly would be best treated with ligation of the 
portal vein and portal decompression by portacaval shunt rather 
than side-to-side shunt or DSRS. We may not see subsequent 
thrombosis in the portal venous system if we do it in this fashion. 
Thank you. 

Donatp L. Kaminski, MD, St Louis, Mo: Two questions, one of 
which may be appropriate at the close of your discussion. 

Based on the evaluation of the data, do you believe that the 
incidence of PVT is going to be progressive? If these patients live 
long enough, will the current rate of 22% of portal vein clots 
progressively increase? 

It would be beneficial if you would place in proper perspective 
for us the role of DSRS and portosystemic shunts of any kind with 
the current availability of sclerotherapy to manage patients until 
they are candidates for hepatic transplantation. Thank you. 

Dr Rixxers: Dr Gurll, I am not certain whether the pancreatitis 
or the PVT came first. I have only had 13 patients with total PVT. 
Many of these occurred early in our experience, because our fre- 
quency of doing the DSRS has decreased since the resurgence of 
sclerotherapy and the availability of hepatic transplantation. In 
four patients, the pancreatic complication was first recognized at 
autopsy. I would presume that the pancreatitis comes first and 
causes intimal damage in a patient with portal venous stasis, 
therefore leading to PVT. 

With respect to other hemodynamic factors, corrected sinu- 
soidal pressure was similar in patients with and those without 
PVT. I presume that those patients who experience a benign post- 
operative course after total PVT develop adequate hepatic arterial 
compensation to maintain total hepatic blood flow. These pa- 
tients probably also have preformed collaterals that are not li- 
gated and provide for decompression of acute splanchnic con- 
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gesticn, thereby preventing severe ascites. 

Dr Sarfeh, I don’t know exactly when the thromboses occur. 
Several of them probably develop within the first 2 or 3 post- 
operative days because we frequently observe sudden onset of 
ascites at that time. Since angiography was done within 2 to 3 
weeks after surgery, all thromboses were present by then. 

Why not do regional thrombolytic therapy? First, several of 
these thromboses occurred before lytic therapy was widely avail- 
able. We have not used it recently because it requires a trans- 
hepatc approach to gain entry to the portal venous system. Fi- 
nally, even if lytic therapy were initially successful, I believe re- 
thrombosis would be likely because the underlying hemody- 
namic condition, ie, portal venous stasis, remains. 

There are two major contraindications to the DSRS in my ex- 
perier-ce: (1) incompatible anatomy; and (2) difficult-to-treat pre- 
operative ascites. There are no specific hemodynamic measure- 
ments that contraindicate the procedure. 

The duplex ultrasound is certainly helpful and we have used 
it to evaluate portal hemodynamics after the DSRS. But again, this 
has only been available since the mid-1980s and only applies to 
a small number of the portal vein thromboses that I’ve reported 
herein. 

Portal vein thrombosis did not appear to be related to hepatic 
functional reserve. The percentage of patients with Child’s class 
C cirrhosis was similar in both groups. In other words, PVT often 
led to hepatic functional deterioration, but was not more common 
in patients with advanced liver disease. 

Should we not do the DSRS when preoperative portal flow is 
low? The overlap between groups was so great, I don’t think a 
high portal perfusion grade (low portal flow) contraindicates do- 
ing a DSRS. However, we have rarely done this procedure in 
patients with absent or reversed flow on preoperative angiog- 
raphy. 

Is partial PVT progressive? Although we have not studied the 
natural history of partial PVT, the group at Emory has. Of nine 
partial portal vein thrombi in their series, they found resolution 
rather than progression to total PVT on serial angiograms. 

Finally, what is the role of the selective shunt currently? We 
believe that most patients that bleed from varices should initially 
be treated with sclerotherapy, and, in fact, long-term sclerother- 
apy is a reasonable approach for many of these patients. In our 
randomized controlled trial of shunt vs sclerotherapy, we found 
that approximately one third of patients will eventually fail scle- 
rotherapy. Sclerotherapy failures who are not transplant candi- 
dates should be shunted. Unless contraindicated, we believe a 
selective shunt is preferable because it is less frequently com- 
plicated by postoperative encephalopathy. However, some pa- 
tients are not candidates for chronic sclerotherapy. Patients who 
bleed from gastric varices, noncompliant patients, and those who 
live at great distances from medical care are probably best man- 
aged by shunt surgery initially if they are not transplant candi- 
dates. 


Splenorenal Shunt—Jin & Rikkers 






FOR THE SHORT-TERM 
MANAGEMENT OF PAIN 





THE NARCOTIC 
PRESCRIBING 
HABIT 





ssn] D> 









FOLLOWING 
MAJOR SURGERY 







* As with other nonsteroidal drugs, the 
most frequently reported side effects are 
gastrointestinal, with some Gl symptoms 
reported by 3% to 9% of patients in clinical 
trials. See “Warnings,” “Precautions” and 
“Adverse Reactions” sections of product 
information. 

t Drowsiness has been reported in 3% to 9% 

of patients. 


Please see summary of product information on last page. 


z= 
S| SYNTEX | | «> © 1991 Syntex Laboratories, Inc. 


DOLE 


ImeTNamine 

- AA NARCOTIC STRENGTH 
WITHOUT THE 

COMPLICATIONS 


The first injectable analgesic NSAID — 
for the short-term management of pain 


As powertul and as fast as, but longer acting than 
meperidine 100 mg IM and morphine 12 mg IM 












Start recovery without narcotic 
side effects 

No respiratory depression’ 

No hypotension’ 

Less nausea and vomiting’ 

Fewer CNS effects’ 


Nonsedating' compared with placebo‘ — 
important for ambulatory procedures 


Nonopiate, nonaddictive, nonscheduled 





IM 


INJECTION 
15,30,60 MG 


eforolac tromethamine 











INJECTION 


TORADOL* 


ketorolac tromethamine 


NARCOTIC STRENGTH 
THAT WON'T COMPROMISE _ 
RECOVERY l tim 


t ) f 


The NSAID designed for the _ Pay A 
short-term management of pain j 


Efficacy comparable to that of 
meperidine 100 mg IM and 
morphine 12 mg | 



















S 


v 


— oy 
PE, 


A . 
p 


5 


Avoids narcotic side effects 
that can delay ambulation’ 





Flexible use, with or 
without narcotics 


Advantages for patients at 
narcotic and/or respiratory risk 


Convenient q6h regimen 


Can be supplemented with prn narcotic 
for severe or “breakthrough” pain 


TORADOL * and narcotics may be administered concomitantly 
but not in the same syringe. 


R es: 1. Brandon Bravo UC, et al. The effects on ventilation of ketorolac in comparison with morphine. Eur J Clin Pharmacol. 
1988:35:491-494. 2. Camu F, et al. Hemodynamic effects of ketorolac tromethamine in comparison to morphine in anesthetised 

patients. In: 9th World Congress of Anaesthesiologists, Abstracts Volume |: Scientific Papers A0001 to A0506; May 22-28, 1988; USA. 
Abstract A0167. 3. Data on file, Syntex Laboratories, Inc. (ICM studies: 994, 1060, 1234, 1254, 1302). TORADOL 30 mg IM (N=509), 
morphine 10 mg/12 mg IM (N=151) multidose studies; TORADOL 30 mg IM (N=103), meperidine 100 mg IM (N=102) sin le-dose 
studies. Nausea: TORADOL 8%, morphine 21%/TORADOL 3%, meperidine 20%; Vomiting: TORADOL 5%, morphine 9%/TORADOL 1%, 
meperidine 12%; Somnolence: TORADOL 14%, morphine 34%/TORADOL 6%, meperidine 14%; CNS Effects: TORADOL 23%, morphine 
44%/TORADOL 21%, meperidine 30%.] 4. Data on file, Syntex Laboratories, Inc. (ICM study: 1324). 


* As with other nonsteroidal drugs, the most frequently reported side effects are 
gastrointestinal, with some GI symptoms reported by 3% to 9% of patients in clinical trials. 
See “Warnings,” “Precautions” and “Adverse Reactions” sections of product information. 
Please see summary of product information on following page. 

TORADOL? * (ketorolac tromethamine} is a product of Syntex Laboratories, Inc. 


S| SYNTEX Roche Laboratories 
=> <p> a division of Hoffmann-La Roche | 
A ae P|. 1289 
SYNTEX LABORATORIES, INC. 340 Kingsland Street 


PALO ALTO, CA 94304 Nutley, New Jersey 07110-1199 17-91-8000-004-07 1 


a 
S 


a 


- 7 
k 


Brief Summary 

TORADOL is a nonsterædal anti-inflammatasydrug (NSAID). TORADOL 15 mg/mL solution contains 10% (w/v) alcohol, USP, 
and 6.68 mg sodium chiaride in sterile wate: The 30 mg/mL solution contains 10% (w/v) alcohol, USP, and 4.35 mg sodium 
chloride in sterile water. The pH is adjusted with sedium hydroxide or hydrochloric acid. Indications and Usage: Indicated 
for the short-term management of pain. Notrecommended for use as an obstetrical preoperative medication or for obstetrical 
analgesia because it hasnot been adequately studied and because of the known effects of NSAIDs on uterine contraction and 
fetal circulation. Not recommended for rowtine use with other NSAIDs because of the potential for additive side effects. 
TORADOL protein-binding is affected by aspirin but not by acetaminophen, ibuprofen, naproxen or piroxicam. Studies with 
other NSAIDs have not been done. Has beer-used concomitantly with morphine and meperidine without adverse interactions. 
Contraindications: Jo not use in patients with hypersensitivity to ketorolac or with the complete or partial syndrome of 
nasal polyps, angioedema, and bronchosgastic reactivity to aspirin or other NSAIDs. Warnings: Although TORADOL 
Injection is recommended for short-term use enly, long-term administration of oral ketorolac has shown that this drug shares 
the risks of other NSAIDS when taken chronisally. Serious GI toxicity, such as bleeding, ulceration, and perforation, can occur at 
any time, with or withcutwarning symptoms, in patients treated chronically with NSAIDs. Remain alert for ulceration and 
bleeding in such patients, even in the abseace of previous GI tract symptoms. In clinical trials, symptomatic upper GI ulcers, 
gross bleeding or perforation appear to occur in aoproximately 1% of patients treated for 3-6 months, and in about 2-4% of 
patients treated for 1 year: inform patients abaut the signs and/or symptoms of serious Gl toxicity and what steps to take if they 
occur. Studies have not identified any subset of patients not at risk of developing peptic ulceration and bleeding. Except for a 
prior history of serious G! events, and other ask factors known to be associated with peptic ulcer disease, such as alcoholism, 
smoking, etc., no risk factors (e.g., ege, sex have been associated with increased risk. Elderly or debilitated patients seem to 
tolerate ulceration or bleeding less well than others and most spontaneous reports of fatal GI events are in this population. 
High doses of an NSAIC probably carry a greater risk of these reactions. In considering the use of relatively large doses (within 
the recommended dosage range), sufficient bene‘it should be anticipated to offset the potential increased risk of GI toxicity. 
Precautions: Impaired Renal or Hepatic function: As with other NSAIDs, use with caution in patients with impaired renal or 
hepatic function, or a mstory of kidney or iver disease. Renal Effects: As with other NSAIDs, long-term administration to 
animals resulted in renal papillary necrosisand other abnormal renal pathology. In humans, hematuria and proteinuria have 
occurred in long-term tals with oral ketorczac with a frequency and degree similar to aspirin. A second form of renal toxicity 
has been seen in patierts.with conditions leadingto a reduction in blood volume and/or renal blood flow. In these patients, an 
NSAID may precipitate overt renal failure. Ratients at greatest risk are those with impaired renal function, heart failure, liver 
dysfunction, taking diusetics, and the elderly. Discontinuation of the NSAID is typically followed by recovery. Use with caution 
in patients with impaired renal function as duced creatinine clearance results in reduced clearance of the drug. Follow such 
patients closely. Fluid Retention and Edema: These have been reported with NSAIDs; use TORADOL with caution in patients 
with cardiac decompersation, hypertension, or similar conditions. Hepatic Effects: With NSAIDs, borderline elevations of liver 
tests may occur in up 10 15% of patients. These may progress, remain unchanged, or disappear with continued therapy. 
Elevations of ALT (SGPT) or AST (SGOT) oecwrrec in clinical trials with oral ketorolac in less than 1% of patients. Evaluate a 
patient with symptomsand/or signs suggesting liver dysfunction, or in whom an abnormal liver test has occurred, for evidence 
of a more severe hepatic reaction. Hematolagec Efects: TORADOL inhibits platelet aggregation and may prolong bleeding time 
but does not affect platelet count, prothrombin time (PT) or partial thromboplastin time (PTT). Carefully observe patients with 
Coagulation disorders ar who are receiving drug therapy that interferes with hemostasis. Inhibition of platelet function by 
TORADOL disappears within 24-48 hours after the drug is discontinued. In clinical studies, the incidence of clinically 
significant postoperative bleeding was 0.4% compared to 0.2% in the groups receiving opiates. Drug /nteractions: TORADOL is 
highly bound to plasme protein (mean 99.2%} independent of concentration. /n vitro binding of warfarin to plasma proteins is 
slightly reduced by TORADOL (99.5% conl vs 99.3% with TORADOL 5-10 g/mL). TORADOL does not alter digoxin protein 
binding. At therapeutic concentrations of salicylate (300 g/mL), jn vitro binding of TORADOL was reduced from 99.2% to 
97.5%, a potential 2-fcld increase in unbound TCRADOL plasma levels; hence, use TORADOL with caution (or at a reduced 
dosage) in patients being treated with hgh dese salicylate regimens. Therapeutic concentrations of digoxin, warfarin, 
ibuprofen, naproxen, acetaminophen, phenytoin, tolbutamide and piroxicam did not alter TORADOL protein binding. In a study 
of 12 healthy volunteers given TORADOL 1!) mg orally for 6 days prior to co-administration of a single dose of warfarin 25 mg, 
no significant changes in;pharmacokinetics er pharmacodynamics of warfarin were detected. In another study of 12 healthy 
volunteers, co-administration of heparin 5000 U s.c. and TORADOL did not show any pharmacodynamic effects of the 


combination on tem late bleeding time or kaolin cephalin clotting time. There is no evidence that TORADOL induces or inhibits 

the hepatic enzyme- capable of metabolizing itself or other drugs. Some NSAIDs inhibit renal lithium clearance, leading to 
increased plasma soncentration. This has not been studied with TORADOL. Some NSAIDs reduce the clearance of 
methotrexate, enhamcing its toxicity. This has not been studied with TORADOL. TORADOL has been administered concurrently 
with morphine in c nical trials without adverse interactions. Carcinogenesis, Mutagenesis, and Impairment of Fertility: 
Studies in mice ancrats at oral doses equal to or 2.5 times the parenteral MRHD (Maximum Recommended Human Dose), 
respectively, showe no evidence of tumorigenicity. Ketorolac was not mutagenic in tests with S. typhimurium, S. cerevisiae, 
or È coli and did net cause chromosome breakage in the / vivo mouse micronucleus assay. Impairment of fertility did not 
occur in male or ferate rats at oral doses 4.5 and 8 times the parenteral MRHD, respectively. Pregnancy: Pregnancy Category 
B: Reproduction studias in rabbits and rats with daily oral doses 1.8 and 5 times the parenteral MRHO, respectively, did not 
reveal evidence of Farm to the fetus. Ketorolac caused delayed parturition and dystocia in rats at oral doses higher than the 
parenteral MRHD, \i-eother NSAIDs. There are no adequate and well-controlled studies in pregnant women. TORADOL should 
be used during pregeancy only if clearly needed and no known safer alternatives are available. Labor and Delivery: TORADOL is 
not recommended 5r use during labor and delivery. Lactation and Nursing: After a single oral dose of TORADOL 10 mg to 
humans, the maximam milk concentration was 7.3 ng/mL and the maximum milk-to-plasma ratio was 0.037. After one day of 
dosing (qid), the comesponding values were 7.9 ng/mL and 0.025. Use caution when TORADOL is administered to a nursing 
woman. Pediatric Ese: TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac is cleared 
more slowly by the Ecarly, who are also more sensitive to renal effects of NSAIDs, use ex:ra caution and reduced dosages when 
treating the elderly Adverse Reactions: Adverse reaction rates from short-term use of NSAIDs are generally 1/2 to 1/10 
the rates associated with chronic usage. This is also true for TORADOL. In studies o° patients treated for up to 1 year, the 
incidence of seriousand nonserious ADRs, including GI tract ulceration and bleeding (yearly rate 1.2 10 5.4%), associated with 
oral ketorolac 10 ma. 1 to 4 times per day prn, was comparable to treatment with aspirin 650 mg prn. Be alert for the usual 
complications of NSAID treatment. The adverse reactions listed below were reported to be probably related to TORADOL in 
triais in which patiests received up to 20 doses of TORADOL 30 mg IM in 5 days. /ncidence greater than 1%: Body as a whole: 
edema. Gl: nausea dyspepsia* GI pain* diarrhea. Nervous system: drowsiness dizziness, headache, sweating, Injection 
site pain was reporsed by 2% of patients in multidose studies (vs 5% for morphine). *Incidence of reported reaction 3%-9%. 
Reactions occurring in less than 3% are unmarked. /ncidence 1% or less: Body as a whole: asthenia, myalgia. Cardiovascular: 
vasodilation, pallos Dermatologic: pruritus, urticaria. Gl: constipation, flatulence, GI fullness, liver function abnormalities, 
meiena, peptic ulc=r; rectal bleeding, stomatitis, vomiting. Hemic and lymphatic: purpura. Nervous system: dry mouth, 
nervousness, paresthesia, abnormal thinking, depression, euphoria, excessive thirst, inability to concentrate, insomnia, 
stimulation, vertigc Respiratory: dyspnea, asthma. Special senses: abnormal taste, ebnormal vision. Urogenital: increased 
urinary frequency, el:guria. Drug Abuse and Physical Dependence: TORADOL is not a narcotic agonist or antagonist. 
Subjects did not shew any symptoms or signs of withdrawal upon abrupt discontinuation of IV or IM dosing. Patients receiving 
TORADOL orally fŒ = 6 months have not developed tolerance and there is no pharmacologic basis to expect addiction. 
TORADOL did not exhibit activity in classical animal studies which are reasonable predictors of opiate analgesic action. /n 
vitro, TORADOL does not bind to opiate receptors. Thus, TORADOL does not have central opiate-like activity. : 
Lack of experienceswith acute overdosage precludes charactenzation of sequelae and assessment of antidotal efficacy. At 
single oral doses > 100 mg/kg in rats, mice and monkeys, symptoms such as decreased activity, diarrhea, pallor, labored 
breathing, rales, and vomiting were observed. Dosage and Administration: TORADOL may be used on a regular schedule 
or prn, although cuaent recommendations for pain management are to use analgesics on a regular schedule rather than prn 
based on the reture of pain. For the short-term management of pain the recommended initial dose is 30 or 60 mg IMasa 
loading dose, followed by half of that (15 or 30 mg) every 6 hours as long as needed to contro! pain. The recommended 
maximum total damy*dose is 150 mg for the first day and 120 mg/day thereafter. The lower end of the dosage range is 
recommended for patients under 50 kg (110 pounds), for patients over 65 years of age, and for patients with reduced renal 


function. CAUTION: Federal law prohibits dispensing without prescription. 
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A Prospective Study of Incisional Time, Blood Loss, 
Pain, and Healing With Carbon Dioxide Laser, 
Scalpel, and Electrosurgery 


Nathan W. Pearlman, MD; Gregory V. Stiegmann, MD; Virgiria Vance, RN; Lawrence W. Norton, MD; 
Reginald C. W. Bell, MD; Robin Staerkel, MD; Charles W. Van Way III, MD; Edward J. Bartle, MD 


è Carbon dioxide laser incisions are reported to be less pain- 
ful, less bloody, and less prone to seroma formation and to 
heal better than scalpel or electrosurgical incisions. We 
compared all three modalities in a prospective randomized 
study of cholecystectomy incisions. Time required for the 
incision and incisional blood loss was less with electrosur- 
gery than with the carbon dioxide laser or scalpel. Postop- 
erative pain and wound healing, however, were the same for 
all three techniques. The carbon dioxide laser appears to 
offer no advantage over conventional means of making a 
standard incision. 
(Arch Surg. 1991;126:1018-1020) 


i ncisions made with a carbon dioxide (CO,) laser are var- 

iously reported to be less bloody, less painful, and less 
prone to seroma formation and to heal better than scalpel 
or electrosurgical incisions. These claims are based 
largely on nonrandomized studies, however, and are con- 
tradicted by other studies showing no advantage of CO, 
laser incisions.™!? This study was undertaken in an at- 
tempt to clarify this issue. If the proposed benefits of this 
laser could be confirmed, considerable reduction in post- 
operative patient discomfort and reduced cost of treating 
postoperative pain might result from more widespread 
use of the modality. 


MATERIALS AND METHODS 

The clinical treatment model was uncomplicated elective chole- 
cystectomy. Patients with significant coexisting morbid condi- 
tions such as heart disease, stroke, pancreatitis, hematologic dis- 
order, or history of drug abuse were excluded from the study. 
Those with known bile common duct stones before surgery and 
those who underwent an unplanned common bile duct explo- 
ration were also excluded since the increased time of their op- 
eration might have increased chances of wound infection. Laser 
malfunction was the final criterion for exclusion. 
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Fully informed consent was obtained from patients, after 
which they were blinded and randomized to undergo CO, laser, 
scalpel, or electrosurgery for their incision. All received one in- 
travenous dose of a second generation cephalosporin antibiotic 
before surgery. Additional antibiotics were used after surgery if 
the gallbladder was entered during removal. 


CO, Laser 

In patents receiving this treatment, the skin was incised to 
reticulardermis with a scalpel, after which all remaining abdom- 
inal layers down to the peritoneum were divided using a La- 
sersonics CO, laser (Cooper, Irvine, Calif), a flexible hand piece 
with spot size of 1 mm, and continuous power of 35 W. Bleeding 
points were controlled by gentle heating with a defocused beam 
of 5- to 0-mm spot size or, when this failed, ligatures. Electro- 
cautery was not used at any time during the incision. Once the 
peritoneim was reached, the anesthesiologist recorded incision 
time anc incision blood loss, and the experimental phase of the 
operation ended. Standard nonlaser techniques were then used 
for the r2mainder of the procedure. 


Scalpel 
In patents receiving this treatment, skin and all layers of ab- 
dominal wall to the peritoneum were incised with a scalpel. 
Bleeding points were controlled with ligature; electrocautery was 
not used. When the peritoneum was reached, incision time and 
blood loss were recorded, and further treatment was similar to 
that in the laser-treated group. 


Electrosurgery 

These patients received skin incision to reticular dermis with 
a scalpel, and further incision to the peritoneum with cutting 
currents of 25 to 35 W. Bleeding points were controlled with 35- 
to 50-W -autery; ligatures were not used. After the peritoneum 
was reached, the treatment was similar to that received by the 
other greups. 

After surgery, patients and nursing personnel were kept 
blinded ĉo incision methods used for a minimum of 3 days. Any 
nasogastric tubes placed during surgery were removed in the 
recovery room, and patients were advanced to regular diets as 
toleratec. All received intramuscular morphine sulfate or me- 
peridine hydrochloride every 3 to 4 hours as needed for control 
of pain until oral intake resumed; they were then offered a choice 
of intramuscular or oral analgesics. Patients were discharged 
when oml intake and relief of pain by oral analgesics seemed 
adequate. 

Incisicnal pain was evaluated in two ways. Each day, a nurse 


Laser, Scalpel, and Electrosurgery—Pearlman et al 


“< 











No. of patients 29 31 28 cri 
Sex, No. M/F 3/26 4/27 3/25 oe 
Age, y PEH JPE 36+13 NS 
Weight, kg 65+15 58+9 63+13 








*Values representing age and weight are means+SDs. NS indi- 
cates not significant. 


blinded to methods used for each patient's incision asked him or 
her to rate pain during the preceding 24 hours on a pain analog 
scale of 0 to 10 where @ indicates “no pain” and 10, “worst pain 
ever.” The total score for the first 3 days after surgery was defined 
as “subjective pain.” Patients discharged before 3 days were con- 
tacted at home by the nurse to complete this evaluation. “Ob- 
jective pain” was defimed as the total number of intramuscular 
narcotic injections for the first 3 days. The nurse also examined 
all incisions daily and recorded any wound seromas or infections 
during hospitalization and at 7 days’ follow-up. 

Treatment methods were evaluated for differences in incision 
time, incision blood bss, subjective and objective pain, and 
seromas/infections with one-way analysis of variance, and com- 
pared using Newman-Keuls tests at P= .05.”° To account for dif- 
ferences in operating time/technique between surgeons and vari- 
ability in patient appreciation of pain, only differences in mean 
scores of 25% or greater were considered clinically significant. 
Results were rounded to the nearest whole number to simplify 
presentation. 


RESULTS 

Between July 1987 and October 1989, 100 patients en- 
tered the study. Twelve were later excluded because of 
either unplanned common bile duct exploration (n = 10) or 
laser malfunction (n= 2). Distribution of the remaining pa- 
tients by cohort and group characteristics is shown in Ta- 
ble 1. Mean age and sex distributions were similar between 
groups. Patients receiving laser or electrosurgical incisions 
had mean weights somewhat greater than those receiving 
scalpel incisions, but the differences were not statistically 
significant. 

All but one patient (who underwent electrosurgery) had 
a subcostal incision. Ten patients received antibiotics after 
surgery because of bile spillage during gallbladder re- 
moval (three laser-treated, five scalpel-treated, and two 
electrosurgery-treated patients). Other results are pre- 
sented in Table 2. By Newman-Keuls testing, incision time 
was greatest for the laser, least for electrosurgery, and of 
intermediate length with the scalpel. Incisional blood loss 
was greater with both the laser and scalpel than with elec- 
trosurgery. Patientsuindergoing laser incisions had some- 
what less subjective pain than those receiving scalpel in- 
cisions, but the difference was not statistically significant. 
There were no differences in objective pain or number of 
wound seromas/infections between the treatment groups. 
On review, it was found that the study had an 80% prob- 
ability (power) of detecting differences in means of 25% 
or greater. 


COMMENT 


Light from a CO, laser is almost completely absorbed in 
intracellular water, and when focused to a spot size of 
1 mm or less results in flash boiling and vaporization of 
cellular elements.” ” Thermal damage beyond the edge of 
the wound is limited to a narrow band of tissue less than 
0.2 mm in width, but is often enough to seal blood vessels 
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Table 2.—Comparison of Incision Time (IT), Incision 
: Blood Loss (IBL), Subjective Pain (SP), 
_ Objective Pain (OP), and — ke 
Wound Seromas/Infections (WS/I) 
Among the Three Treatment Groups 


Variable 






Laser Scalpel Electrosurgery P 









IT, min 12+4 9+5 73 
IBL, mL 34226- > 312272 13+8 <.05ł 
SP 155 18+6 16+4 NS 










OP 8+4 9+4 8+3 NS 
No. of WS/I 1 0 2 NS 








*All values except for the number of wound seromas/infections 
are means=SDs. 

tElectrosurgery vs laser and scalpel vs laser. 

+Electrosurgery vs scalpel and laser. 


and lymphatics up to 0.5 mm in diameter.” !° It has been 
suggested that the laser will seal transected nerves at the 
edge of the wound as well.’ When the laser is defocused, 
less violent heating of tissue occurs, and this can often be 
used to control blood vessels up to 2 mm in diameter. 

The following characteristics seem to make the CO, laser 
ideal for making incisions: precise cuts, less blood loss 
than with a scalpel, and less deep tissue injury than with 
electrosurgery. In some studies, this promise of improved 
incisions seems to have been fulfilled. When the CO, laser 
was used to excise intraoral lesions and the wound bed 
was left open, less postoperative pain than expected and 
prompt healing have been reported.’* Flor and Banez* 
compared CO, laser and scalpel incisions for elective colec- 
tomy in a nonrandomized study and found less pain with 
the former. Ansanelli? and Wang? carried out retrospec- 
tive comparisons of CO, laser and scalpel mastectomies, 
concluding that blood loss and seroma formation were re- 
duced with the laser. Hinshaw etal,’ ina single-arm study, 
and Juri and Palma,* in a randomized two-arm trial, re- 
ported that healing was better after CO, laser excision of 
decubitus or other complex soft-tissue ulcers than after 
scalpel or electrosurgical excision. 

In contrast, McCarthy and associates’! noted similar 
blood loss and seroma formation when the CO, laser and 
scalpel were used during wide excision, skin grafting, and 
axillary dissection for melanoma. Negro et al’? found sim- 
ilar pregmancy rates after microsurgical repair and CO, 
laser welding of transected rabbit uterine cornua. Preg- 
nancy rates were similar in a randomized comparison of 
CO, laser and microdiathermy repairs of hydrosalpinx in 
humans carried out by Tulandi and associates." Experi- 
mental skin incisions healed best with the scalpel, worst 
with electrosurgery, and to an intermediate degree with 
the laser in studies by Ben-Baruch et al" and Hambley et 
al.“ Similar findings for incisions in tongue or intestine 
were reported by Basu et al’? and Puolakkainen et al. !° Of 
note, there was little histologic evidence of “nerve sealing” 
in the study by Basu et al. Filmar and coworkers” did find 
that histologic damage in rat uteri was greater after elec- 
trosurgical incision than after CO, laser incision, but both 
types of wound healed at the same rate. The studies by 
Stern and Lucente’? and Apfelberg et al!’ discerned no 
reduction in the historical rate of keloid recurrence with 
the CO, laser excision compared with the scalpel excision. 
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In the present study, use of the CO, laser led to greater 
time and blood loss for a standard incision, but the dif- 
ferences are relatively small and probably not meaningful 
in an operational sense, even though they did meet preset 
criteria. There was a slight (three-point) reduction in mean 
subjective pain after laser incisions compared with scalpel 
incisions. This difference might have been statistically sig- 
nificant (P<.05) if the sample size had been as large as 
originally planned (33, 33, and 34 patients in each group) 
and sample variance remained the same, but would still 
have failed to reach clinical significance (mean difference 
of 25%, or 3.7 points). Finally, there was no difference 
between the laser-treated group and the scalpel- or 
electrosurgery-treated groups in objective pain or wound 
seromas/infections. Although the incidence of wound 
complications was low (three [3.4%] of 88 patients), the 
numbers reflect unbiased observations by the study nurse 
and may be the result of methods used for patient selec- 
tion. 

It appears that many incisions cause enough pain and/or 
tissue damage to overshadow any theoretic advantage the 
laser might offer. A similar argument might be made in 
regard to any putative sealing of transected nerve endings 
with the laser. In the absence of other findings, itis difficult 
to conclude that the CO, laser offers any real advantage 
over conventional methods of making incisions. 


We thank Richard H. Jones, PhD, for his help in statistical eval- 
uation. 


References 

1. Carruth JAS. Resection of the tongue with the carbon di- 
oxide laser. J Laryngol Otol. 1982;96:529-543. 

2. Guerry TL, Silverman S Jr, Dedo HH. Carbon dioxide laser 
resection of superficial oral carcinoma: indications, technique 
and results. Ann Otol Rhinol Laryngol. 1986;95:547-554. 

3. Rhys Evans PH, Frame JW, Brandrick J. A review of carbon 
dioxide laser surgery in the oral cavity and pharynx. J Laryngol 
Otolaryngol. 1986; 100:69-77. 

4. Flor CE, Banez AV. A comparative study of postoperative 
pain and early ambulation in CO, laser incisions versus scalpel 
incisions in elective colo-rectal surgery. Lasers Surg Med. 
1986 ;6:200-201. 

5. Ansanelli VW. CO, laser in cancer surgery of the breast: 
a comparative clinical study. Lasers Surg Med. 1986;6:470-472. 

6. Wang YH. Laser operation for breast cancer. /nt Surg. 
1987 ;72:208-209. 

7. Hinshaw JR, Herrera HR, Lanzafame RJ, Pennino RP. The 
use of the carbon dioxide laser permits primary closure of con- 
taminated and purulent lesions and wounds. Lasers Surg Med. 
1987 ;6:581-583. 

8. Juri H, Palma JA. CO, laser in decubitus ulcers: a com- 
parative study. Lasers Surg Med. 1987;7:796-799. 

9. Daniell JF. The role of lasers in infertility surgery. Fertil 
Steril. 1984;42:815-823. 

10. Ben-Baruch G, Fidler JP, Wessler T, Bendick P, Schellhas 
HF. Comparison of wound healing between chopped mode- 
superpulse mode CO, laser and steel knife incision. Lasers Surg 
Med. 1988;8:596-599. 

11. McCarthy WH, Shaw HM, Jones PH. Laser surgery for ma- 
lignant melanoma and superficial malignancies. Aust N ZJ Surg. 
1978; 48: 656-661. 

12. Negro AG, Rogers DW, Naim JO, Perry FW. Comparison 
of microsurgical suture and CO, laser-welded anastomoses of 
rabbit uterine cornua. Lasers Surg Med. 1987;6:533-535. 

13. Tulandi T, Farag R, McInnes RA, Gelfand MM, Wright CV, 
Vilos GA. Reconstructive surgery of hydrosalpinx with and with- 
out the carbon dioxide laser. Fertil Steril. 1984;42:839-842. 

14. Hambley R, Habda PA, Abell E, Cohen BA, Jegasothy BV. 
Wound healing of skin incisions produced by ultrasonically vi- 


1020 Arch Surg—Vol 126, August 1991 


brating knife, scalpel, electrosurgery, and carbon dioxide laser. 
J Dermatol Surg Oncol. 1988;14:1213-1217. 

15. Easu MK, Frame JW, Rhys Evans PH. Wound healing fol- 
lowing partial glossectomy using the CO, laser, diathermy, and 
scalpel: a histologic study in rats. J Laryngol Otolaryngol. 
1988 ; 102:322-327. 

16. Puolakkainen P, Brackett K, Sankar MY, Joffe S, Schroder 
T. Effects of electrocautery, CO, laser, and contact Nd:YAG la- 
ser scalpel on the healing of intestinal incision. Lasers Surg Med. 
1987; 7507-511. 

17. Filmar S, Jetha N, McComb P, Gomel V. A comparative 
histologic study on the healing process after tissue transection, 
l: carbon dioxide laser and electromicrosurgery. Am J Obstet 
Gynecol. 1989; 160:1062-1067. 

18. Stern JC, Lucente FE. Carbon dioxide laser excision of 
earlobe keloids: a prospective study and critical analysis of ex- 
isting cata. Arch Otolaryngol Head Neck Surg. 1989;115:1107- 
Ti. 

19. Apfelberg DB, Maser MR, White DN, Lash H. Failure of 
carbon dioxide laser excision of keloids. Lasers Surg Med. 
1989; 9: 382-388. 

20. Hinkle DE, Wiersma W, Jurs SG. Applied Statistics For The 
Behavioral Sciences. 2nd ed. Boston, Mass: Houghton Mifflin 
Co; 1988. 


Discussion | 

Jonn L. Gover, MD, Royal Oak, Mich: The introduction of a 
practical device for electrosurgery in 1928 by Bovie and Cushing 
created such interest that an entire session of the Clinical Con- 
gress of the College of Surgeons in 1930 was devoted to this sub- 
ject. It was chaired, incidentally, by Howard Kelly. After pre- 
sentation of a number of studies, several claims were made, 
including that incisions healed “better and faster” and that pa- 
tients experienced less pain. 

In 1975 at the first International Congress on Laser Surgery, 
many studies were presented about that exciting new device. 
Two of the claims made were, not surprisingly, that incisions 
healed better and faster and that patients experienced less pain. 
In both meetings, the data regarding healing were, at best, equiv- 
ocal and in some instances contradictory concerning the claim 
about wound healing, and there were no studies at all about pain. 
We should be grateful, therefore, to these authors for finally fill- 
ing this gap in our knowledge and laying to rest, I hope, a claim 
for which a physiologic basis has always seemed farfetched. 

Concerning healing, the answers may not be quite as clear. 
Although the incidence of wound complications wes the same 
in all groups, the numbers were small, as expected; the numbers 
of patients in all groups would have to be much greater to show 
significent differences. Data from Peter Cruse have consistently 
shown an overall increase in the rate of wound infections when 
the Bovie is used; but when subgroups in those same studies were 
examined, the wound infection rate was lowest in the group that 
used it in all incisions, namely, the neurosurgeons. Conse- 
quently I suspect that the effect on healing is related less to the 
device than to its operators and also to the types of wounds. I 
ask Dr Pearlman to comment on that. 

These devices work by destroying tissue; although scalpels de- 
stroy very few cells, ligatures and sutures do. The effect is, there- 
fore, the result of the surgeon more than even the type of wound. 
Harvey Cushing said that you do not have to know the principles 
of the internal combustion engine to operate a motor car but it 
helps ir time of emergency, and I think that is true for these 
devices, too. 

Dr PrarLMAN: Dr Glover raises the issue of whether wound 
infection relates more to the operator than to the tools used. Some 
surgeons get superb results using a scalpel, while others have 
superb results with electrocautery or, in some cases, a laser. 
Would these individuals do just as well using other techniques? 
I suspect the answer is yes. 
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è Cholangiography is not routinely performed in open sur- 
gery, but there are reasons why it should be in laparoscopic 
cholecystectomy. These include finding common duct 
stones, identifying the cystic-common duct junction, and 
noting an inadvertent injury. Thirty-six (7.0%) of 516 lap- 
aroscopic cholecystectomies were converted to open sur- 
gery; 24 before attempting cholangiography and 12 based 
on roentgenographic findings. In 73 patients (14.1%), cho- 
langiography showec abnormal findings. Common duct in- 
jury was identified ir one patient and common duct stones 
were found in 35. Twenty-one patients were treated lap- 
aroscopically and eight underwent open choledocholithot- 
omy. In 22 patients, a short cystic duct was seen that might 
otherwise have beer overlooked, and possible injury was 
avoided. Cholangiography should be attempted routinely, so 
that in cases with abnormal findings, open cholecystectomy 
may be considered. 
(Arch Surg. 1991;71 26:1021-1026) 


ee cholecystectomy (LC) has been adopted in- 

ternationally im a very short time since its 
introduction.’ Open cholecystectomy has been a part of 
the surgeon’s armamentarium since first performed elec- 
tively by Langenbuch in 1882.* 

Mirizzi” introduced operative cholangiography, but the 
routine use of this technique has unfortunately not been 
widely adopted. Certainly, some older roentgenographic 
equipment extends the operating time and may generate 
films that are of poor quality or, at worse, uninformative.° 
We introduced fluorocholangiography into our operating 
room and justified the expenditure on the basis of oper- 
ating time saved. This equipment can be used by general 
surgeons for procedures other than cholecystectomy (eg, 
Hickman line placement) as well as by the orthopedic sur- 

eons. 
i Contrast material is injected in small increments under 
fluoroscopic control and the moment of optimal exposure 
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is not missed. Exposure time is short, so respiration and 
duodenal peristalsis do not interfere with the permanent 
record. The early filling stages are well displayed and small 
stones are not obscured by too much contrast material. An 
audiovisual cable link between the operating room and the 
roentgenography department allows the radiologist to fol- 
low the procedure and communicate with the surgeon. 

We have studied more than 500 cholangiograms and 
evaluated approximately 5000 films with excellent re- 
sults. 

Cholangiography is an important adjunct of LC. It helps 
the surgeon to discover unsuspected stones and provides 
vital anatomical information, such as the proximity of the 
cystic duct to the common hepatic duct. The surgeon may 
recognize any iatrogenic injury seen on cholangiography 
and remedy the situation immediately rather than wait for 
the patient to return with bile peritonitis, obstructive jaun- 
dice, or both. 

Failure to fill the proximal ducts should alert the surgeon 
to the possibility of common duct injury or other problems 
and should prompt conversion to open surgery. 


MATERIALS AND METHODS 

Five hundred sixteen LCs were attempted by 14 surgeons at 
Cedars Sinai Medical Center, Los Angeles, Calif, between Au- 
gust 11, 1989, and October 31, 1990. 

After dissecting Calot’s triangle, the junction of cystic duct and 
Hartmann’s pouch was identified and a 9-mm clip placed. In 
three cases with large cystic ducts, the junction was secured with 
an extracorporeal Roeder knot. Through one of the lateral trocars, 
microscissers were used to make an incision in the anterior aspect 
of the cystic duct, which was then cannulated in one of the fol- 
lowing three fashions: 

1. A 4F olive-tip, rigid catheter (Taut Medical Division, 
Geneva, Ill) was passed via a straight tube and held in place by 
a hemoclip. We used this technique in the first 50 cases. 

2. Acholangiograsper was used to hold a ureteric catheter that 
was passed into the cystic duct (Fig 1). 

3. When met with resistance (Heister’s valves), a soft guide 
wire was first passed through the catheter and into the duct, over 
which the catheter was advanced. The subxiphisternal trocar was 
removed over a plastic obturator, thus avoiding any metal shad- 
ows that could otherwise occlude the view of the duct (Fig 2).® 


RESULTS 
There were no deaths in this series. In two cases, at- 
tempted cholangiography led to tearing of the cystic duct, 
but in both it was easily located and secured. In 36 cases 
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Fig 1.— Top, Guide tube with advanced Taut cholangiocatheter. Bot- 
tom, cholangiocannula grasper. A 4F ureteric catheter with end-hole 
is advanced and when in position, the jaws are closed fixing the 
catheter in the duct. 


(7.0%) the operation was converted to open cholecystec- 
tomy (Table 1). 

Conversion occurred prior to cholangiography in 24 
cases. In the remaining 12 cases, conversions were based 
on cholangiographic findings. Cholangiography was at- 
tempted in all but three patients who underwent preop- 
erative endoscopic retrograde cholangiopancreatography 
with stone removal and sphincterotomy; it was not pos- 
sible in 25 (5.1%) of the 489 patients who underwent cho- 
langiography (Table 2). None of these operations was con- 
verted to open surgery and there was no morbidity. 

Three hundred ninety-one (84.3%) of the remaining 464 
cholangiograms were deemed normal. The abnormalities 
are shown in Table 3. The cystic duct was described as 
“short” when the distance between the hemoclip and the 
common bile duct was less than 2 to 3 mm because this 
distance is too short to safely place two hemoclips. This 
was seen in 23 patients, and the surgeon could avoid in- 
juring the common duct (Fig 3). 

Treatment of choledocholithiasis (Fig 4) differed based 
on what was possible or what was deemed most suitable 
(Table 4). One patient who had intraoperative endoscopic 
papillotomy developed pancreatitis, therefore, we do not 
advocate this approach. In cases with a dilated cystic duct, 
we introduced a nephroureteroscope into the common 
duct and retrieved the stone with a basket.’ Cases in which 
this technique was not feasible were most often converted 
to open choledocholithotomy because of the low morbid- 
ity and mortality rates. 

In two cases we were unable to fill the proximal bile 
ducts and the operation was converted to open surgery. 
In both cases the biliary system was intact. 

In one case, a clip was placed on what appeared to be 
the cystic duct, which was then cannulated. Cholangiog- 
raphy showed only the distal duct emptying into the duo- 
denum, but with extravasation above the cannulation site. 
This indicated that the surgeon had inadvertently clipped 
the common bile duct. This procedure was immediately 
converted to open surgery and primary repair with a 
T-tube was performed (Fig 5). Ineight cases, the cystic duct 
drained into the right hepatic duct. The surgeon was 
alerted to the short length of cystic duct available for clip- 
ping (Fig 6). 

In two patients with a close parallel run of cystic duct 
to common hepatic duct, extra care was taken with cystic 
duct dissection and closure (Fig 7). In one case, although 
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Fig 2.—TJop, Metal trocar with plastic obturator. This radiolucent 
plastic cbturator is advanced into the abdomen and the trocar with- 
drawn, hus avoiding shadows that might obscure important struc- 
tures. C2nter, Cholangiocannula introduced through the cystic duct 
and held in position with the grasper. Note the metal shadow of the 
trocar seve. Bottom, Same as figure at center but the trocar sleeve 
is withcrawn over the plastic rod. The area in question is not ob- 
scured 2y metal shadows. 
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Table 1.—Reasons for Conversion 
From La ic to Open Cholecystectom 







Prior to attempted cholangiography 





Anomalous anatomy (right hepatic 









artery overlying the cystic duct) 1 
Adhesions 21 
Bleeding 2 

After cholangiography 
Cystic duct avulsion 1 
Common duct injury 1 
Common duct stones 8 






Failure to fill proximal 
ducts at cholangiography 







Table 2.—Reasons for Failure to Perform 
Operative Cholangi 


Clear preoperative endoscopic 
retrograde cholangiopancreatography 


Extravasation of contrast 
Prominent Heister’s valves 
Tortuous cystic duct 

Short cystic duct 
Small-diameter cystic duct 
Cystic duct torn 

Overlying hepatic artery 


piogra in 73 of 464 Cases 
Short cystic duct 23 (4.9) 
35 (7.5) 
2 (0.43) 
1 (0.22) 
1 (0.22) 
) 


Common duct stones 
Failure to fill proximal ducts 
Duodenal diverticulum 
Common duct injury 

8 (1.72 


Cystic draining into right hepatic duct 


Close parallel run of cystic 
duct to common hepatic duct 2 (0.43) 


Accessory duct draining into gallbladder 1 (0.22) 
Total 73 (15.7) 


the gallbladder was isolated by a clip from the cystic duct, 
it filled with contrast, implying an accessory duct that was 
coagulated while dissecting the gallbladder from the liver. 

Inadvertent avulsion of the cystic from the common duct 
led to ductal injury in another patient after cholangiog- 
raphy had showed normal findings. This was recognized 
and repaired immediately. 


COMMENT 


The first large series of cholecystectomy (2000 cases) was 
reported by Kehr” in 1913. Since then, many iatrogenic 
injuries have been noted. The real incidence is not well 
known but is probably approximately 1 in 300 to 1 in 500 
(0.3% to 0.2%) injuries during open cholecystectomy. 1119 
Only a small percentage of these patients underwent op- 
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Fig 3.— The cholangiograsper is obviously very close to the common 
bile duct as it has been “tented up.” This roentgenogram warns the 
surgeon that the length of cystic duct available for clipping is very 
short. 





Fig 4.—This patient showed no symptoms indicative of common 
duct stones. However, these were seen on cholangiography and 
were removed via the cystic duct with a 3.2-mm nephrouretero- 
scope. 


erative cholangiography during the initial surgery.“ 
Many iatrogenicinjuries are not discovered during the first 
operation, and such patients are readmitted with jaundice 
or biliary peritonitis a few days later. Ductal injuries are 
extremely serious complications and result in “biliary crip- 
pies” who require multiple surgeries due to recurring stric- 
tures and secondary biliary cirrhosis. 

Laparoscopic cholecystectomy offers significant advan- 
tages, imcluding minimal postoperative discomfort, 
shorter hospitalization, earlier resumption of full physical 
activities, and improved cosmesis. The financial savings 
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Table 4.—Treatment of Common Duct Stones 
Seen on Operative Cholangiography 
During La ic Cholecystectom 


Treatment No. (%) of Cases 


Laparoscopic extraction through 
the cystic duct 


Open choledocholithotomy 


Postoperative endoscopic retrograde 
cholangiopancreatography and papillotomy 


Intraoperative endoscopic retrograde 
cholangiopancreatography 


Total 





_ 
Fig 5.— Top, This cholangiogram shows the distal common bile duct 
and free flow into the duodenum. However, there is extravasation 
of contrast material and the proximal ducts are not seen at all. The 
common bile duct has been clipped. Bottom, The injury was rec- 
ognized and the patient underwent open surgery. This roentgen- 
ogram shows immediate primary repair with a T-tube in place. 
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Fig 6.—A short cystic duct entering the right hepatic duct. In this 
situation great care must be taken in clip placement. 


of reduced hospitalization and decreased disability time 
are significant factors. 

The creation of credentialing and privileging guidelines 
as well as educational programs and guidelines for clinical 
applications issued by the Society of American Gas- 
trointestinal Endoscopic Surgeons should be carefully 
studied.'° Surgeons performing the procedure at our in- 
stitution first received credentials in biliary surgery and 
diagnostic laparoscopy, after which they attended a struc- 
tured training course including didactic sessions, work 
with bench-top trainers, and experience in performing 
laparoscopic cholecystectomy on three pigs as primary op- 
erator." Surgeons then operated on their first five proc- 
tored cases. 

We believe that operative cholangiography plays a vital 
role in preventing ductal injuries. Our data suggest that 
noting ē short cystic duct in time, especially when the com- 
mon bile duct has been “tented up” or when the cystic duct 
has entered the right hepatic duct, will enable the surgeon 
to prevent damaging this structure. A parallel cystic duct 
could lead the surgeon to injure the common duct. In- 
appropziate placing of a clip on the common bile duct 
would be detected with cholangiography before the sur- 
gery is completed, thus avoiding a second exploration 
with higher mortality and worse long-term results. 

The detection of common bile duct stones is another 
importent advantage of operative cholangiography.’” In 
LC, the junction of cystic duct and gallbladder is identified 
and the cystic duct is not routinely followed down to the 
common bile duct, thus making cholangiography very im- 
portant to the surgeon in noting these stones. 

If thisrationale is not followed, then 5% to 9% of patients 
having LC without cholangiography may have retained 
common bile duct stones, and a percentage of these will 
suffer a‘ a later stage from the complications of choledoch- 
olithias:s. In 60% of patients the stones can be removed 
perioperatively with the use of transcystic choledoch- 
olithotamy. 

We believe that patients in whom cholangiography does 
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Fig 7.—A very close paralle! run of the cystic duct to the common 
duct. This allows the surgeon to appreciate that clip placement on 
the proximal cystic duct must be extremely careful to avoid including 
the common duct in the chp. 


not display the proximal ducts even after repeated at- 
tempts in the Trendelenberg position should be explored 
because the surgeon may inadvertently have clipped the 
common bile duct. 

Another extremely good reason to attempt cholangiog- 
raphy in every case È that it will give the surgeon the ex- 
pertise to perform this rather delicate technique in those 
patients who really need it. In addition, by learning to 
work through a smal! lumen the operator will also become 
competent at performing transcystic choledocholithot- 
omy with flexible endoscopes. 

Laparoscopic cholecystectomy is here to stay. It is our 
responsibility to ensure that the operation is performed 
safely by well-trained surgeons. 
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Discussion 


Rona_LpD K. Tompkins, MD, Los Angeles, Calif: I find little to 
disagree with in this report of a large series of patients treated 
by the new endoscopic cholecystectomy method. Our colleagues 
at Cedars-Sinai Hospital have pioneered many innovations in 
this new technique. However, their call for operative cholang- 
iography during each operation is not new, it is merely a prudent 
extension of the usual practice in biliary surgery. At the meeting 
of this Association in 1971 in Portland, Ore, we presented an 
analysis of nearly 3000 cases of cholecystectomy. '® While the in- 
cidence of common duct stones remained essentially the same 
over the 20-year period, as the use of operative cholangiography 
increased over this same period the yield of positive common 
duct explorations also increased. Correspondingly, the number 
of unnecessary negative common duct explorations decreased. 

An extensive review of published literature of a relatively few 
years ago has shown that, next to a palpable common duct stone, 
a positive cystic duct cholangiogram is the most reliable indicator 
for exploring the common duct. Furthermore, the routine per- 
formance of cystic duct cholangiography has produced findings 
of unsuspected stones in approximately 7% of patients under- 
going cholecystectomy, in addition to revealing ductal anomalies 
in about 12%. Routine cystic duct cholangiography reduces the 
increased morbidity and mortality associated with unnecessary 
common duct explorations. 

Concerns over cost-effectiveness are often raised by opponents 
to routine cystic duct cholangiography. Several years ago, Barnes 
and Barnes published a study in Surgery that took into account 
a number of very important factors and concluded that the rou- 
tine performance of cystic duct cholangiography is actually less 
expensive than a program of not doing it or doing it arbitrarily. 

Would the authors comment more fully on the technique of 
cystic duct choledocholithotomy or extraction of the common 
duct stones found at the time of laparoscopy through the cystic 
duct? 

Dr Berci: We are in an early stage of extending LC to recover 
common bile duct stones. The first attempt, if possible, with a 
dilated cystic duct, is to introduce a guide wire through the in- 
dwelling cholangiocannula. The cannula is withdrawn and a 
smaller scope (urethroscope) is advanced over the guide wire into 
the common bile duct, then the guide wire is withdrawn. The 
scope is attached to a television camera and if you can visualize 
the stone, you can advance the miniature basket and retrieve it. 

This technique can be performed in only a small percentage of 
cases, because there are great anatomic variations in the drainage 
site of the cystic duct into the common bile duct. We published 
a monograph a few years ago and showed that in approximately 
75% of cases, the cystic duct drains spirally or posteriorly. In these 
cases it is very difficult to introduce the scope in the appropriate 
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position. The future will be to develop laparoscopic exploration 
of the common bile duct directly and introduce the scope and 
remove the calculi and then insert a T-tube. If there is any missed 
calculus, within 6 weeks the surgeon can remove it safely without 
endoscopic papillotomy. 

I would like to emphasize our own experience that indicated 
there is a significant difference between open and closed (en- 
doscopic) laparoscopic cholecystectomy with respect to the com- 
mon bile duct. We can see and localize the common bile duct 
during an open procedure very easily. But, by doing it through 
the laparoscope, itis sometimes very difficult to get an idea where 
the common bile duct is located. If you have a short cystic duct, 
by lifting the Hartmann pouch or infundibulum we can tent or 
pull up the short cystic duct and the common bile duct can vi- 
sually mimic the appearance of the cystic duct. 

We concur on many aspects with Dr Tompkins. In our series, 
we found in 16% cholangiographic findings that indicated anom- 
alies or problems of surgical importance. Cholangiography, in 
our opinion, should be attempted routinely during laparoscopic 


cholecystectomy. I have a few words about the equipment. In my 
opinion, the reason why only a small percentage are performing 
routine cholangiography is the obsolete equipment itself. We 
have ne scruples about investing $200 000 in lasers; but we are 
working with 50-year-old mobile x-ray equipment where it takes 
a long period of time to obtain films in which the outcomes are 
questionable or noninformative. If we had better equipment with 
higher diagnostic accuracy where a proper cholangiogram could 
be performed in less time, surgeons would not be so reluctant 
to use it. 

I would like to take the opportunity to give some advice. The 
mobile C-arm image amplifiers available that are used by ortho- 
pedic surgeons can be employed for operative cholangiography. 
With immediate fluoroscopy, the anatomy and the filling of the 
distal and proximal duct can be immediately observed. It is very 
important to have an intact extrahepatic biliary system to know 
where the cystic duct incision is, in relation to the common bile 
duct or the clips of the artery, in relation to the right hepatic duct. 
These are the aspects that, if overlooked, can cause injuries. 
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ARCHIVES OF PATHOLOGY AND LABORATORY MEDICINE 


The Role of the United Network for Organ Sharing and Designated Organ 
Procurement Organizations in Organ Retrieva for Transplantation 


James S. Wolf, MD 


With the increasing success of organ transplantaticn in this country, there are in- 
creasing numbers of patients who are awaiting a transplantable organ. Congress has 
established a national Organ Procurement and Transplant Network, which is admin- 
istered by the United Network for Organ Sharing. Organ retrieval is performed by 70 
organ procurement organizations, each having a designated service area. The need for 
transplantable organs falls further and further behind the increasing demand. (Arch 


Pathol Lab Med. 1991;115:246-249). 


Reprint requests to Division of Transplantation, Department of Surgery, Northwestern University 


Medical School, Chicago, IL 60611 (Dr Wolf). 
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Acute Cholangitis Secondary to Hepatolithiasis 


S. T. Fan, FRCSGlasg; Edward C. S. Lai, FRCSE, FRACS; Francis P. T. Mok, FRCSE, FRACS; 
T. K. Choi, MD; John Wong, PhD, FRACS, FRCSE 


è Inaseriesof 88 patients with acute cholangitis secondary 
to hepatolithiasis, 26 30%) required emergency therapeutic 
intervention because of septicemic shock (n = 15), persistent 
fever (n=8), or spreading peritonitis (n=3). Analysis was 
made to define factors that predisposed to failure of con- 
servative treatment and characteristics that could predict 
the need for emergency biliary decompression. The age, in- 
cidence of concomitant medical diseases, previous biliary 
surgery, positive bload culture, bacterial strains resistant to 
antibiotics used, and multiplicity of bacterial strains in bile 
cultures in patients who required emergency intervention 
were similar to these factors in patients who had elective 
operations after successful conservative management. The 
incidence of intrahepatic segmental obstruction by stones or 
strictures was similar, but many more patients who required 
emergency intervention had concomitant extrahepatic ob- 
struction due to impacted common ductal stones or stric- 
tures. Logistic regression analysis of clinical, hematological, 
and biochemical data showed that maximum pulse rate 
within 24 hours of presentation (>100 beats per minute, 
relative risk, 2.8) and platelet count at the time of admission 
(<150 x 10° /L, relative risk, 5.2) were the factors with in- 
dependent significance in predicting the need for emergency 
therapeutic procedures. This finding may serve as a guideline 
for identifying high-risk patients for early intervention. 
(Arch Surg. 1991;126:1027-1031) 


pareans or intrahepatic stones is prevalent in 

East Asia.’ With ease of travel, this condition is seen 
nowadays in other parts of the world.”* Stones are formed 
primarily within the mtrahepatic ducts, and common duc- 
tal stones found in these patients are secondary to mi- 
gration of intrahepatic stones. Biliary strictures, which can 
affect all parts of the biliary tract, result from healing of 
transmural ductal inflammation. The stones and biliary 
strictures often produce severe biliary sepsis, cholangitic 
liver abscesses, and, m chronic cases, extensive parenchy- 
mal destruction. Most patients suffering from this difficult 
disease present with acute cholangitis. About one quarter 
of them require emergency operations, with an operative 
mortality of 10% .* The reason why conservative treatment 
fails in some patients but succeeds in the others is per- 

Accepted for publication January 20, 1991. 

From the Departmen’ of Surgery, University of Hong Kong, 
Queen Mary Hospital. 
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plexing. We, therefore, reviewed our experience in the 
management of acute cholangitis secondary to hepatolith- 
iasis with an attempt to identify factors that predisposed 
to failure of conservative treatment and characteristics that 
could predict the need for emergency biliary decompres- 
sion. 


PATIENTS AND METHODS 

The clinical records of all patients suffering from acute cho- 
langitis secondary to hepatolithiasis admitted between 1984 and 
1989 to the Department of Surgery, University of Hong Kong, 
Queen Mary Hospital, were reviewed. The diagnosis of acute 
cholangitis was based on the presence of fever, upper abdominal 
pain, deranged liver biochemistry results, leukocytosis, and, in 
some patients, presence of bacteremia and shock. The diagnosis 
of hepatolithiasis was subsequently confirmed by radiology and 
laparotomy. The patients were treated conservatively with in- 
travenous fluid, nasogastric aspiration, broad-spectrum antibi- 
otics, and potent analgesics. Body temperature, blood pressure, 
pulse rate, and urine output were closely monitored to detect 
deterioration. Ultrasonography was performed immediately af- 
ter admission to the hospital and was usually the only radiological 
investigation of the liver and biliary tract in the acute phase. 
Emergency procedures were only performed when these pa- 
tients had septicemic shock, persistent fever, or signs of spread- 
ing peritonitis (ie, increasing area and severity of muscle rigidity 
and rebound tenderness). When emergency surgery was to be 
undertaken because of persistent fever in the absence of cardio- 
vascular instability, complete radiological investigations, includ- 
ing computed tomography and endoscopic retrograde cholan- 
giography, would be performed immediately before therapeutic 
intervention. 

Mann-Whitney U and x° (with Yates’ correction) tests were used 
for comparison of clinical, hematological, and biochemical data be- 
tween patients who required emergency procedures (group 1) and 
those who could be treated conservatively (group 2). The following 
17 characteristics were evaluated: maximum body temperature, 
lowest systolic blood pressure, and highest pulse rate within 24 
hours of admission; complete blood profile (hemoglobin, hemat- 
ocrit, leukocyte and platelet counts); clotting profile (prothrombin 
time, partial thromboplastin time); liver biochemistry results (total 
bilirubin, alkaline phosphatase, y-glutamyltransferase, alanine 
aminotransferase, aspartate aminotransferase, and albumin levels); 
and renal biochemistry results (urea and creatinine values). Step- 
wise logistic regression analysis was performed to identify char- 
acteristics with independent significance in predicting the need for 
emergency procedures. 


RESULTS 
There were 36 men and 52 women. The median age was 
97 years (range, 18 to 75 years). Fever (body temperature 
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Table 1.—Comparison of Admission Clinical Data 


Group 1 Group 2 
(n= 26) (n=62) 


Age, y, median (range) 63 (31-85) 57 (18-83) 
M:F 9:17 27:35 
Fever, % 85 84 
Abdominal pain, % 92 85 
Clinical jaundice, % 77 

Charcot's triad, % 62 

Concomitant medical diseases, % 

Past biliary surgery, % 69 


Acute Cholangitis From Hepatolithiasis 
(N=88) 


Conservative Treatment 


EON 


Failure Success 
(n=26) (n=62) 
(Group 1) (Group 2) 


a RE S Fa oy 


Emergency Endoscopic Defaulted  Ẹļective 
Operations Nasobiliary (n=3) Definitive 
(n=25) Drainage Surgery 


yf ja T (n=59) 


Emergency Biliary | 
Definitive Decompression Elective 
Surgery Only Definitive 
(n=1) (n=18) Surgery 


(n=1) 
y 


Elective Discharge 
Definitive (n=14) 
Surgery 
(n=1) 





Outcome of 88 patients with acute cholangitis from hepatolithiasis. 











Table 3.—Procedure-Related Complications and 
Mortality* 


Group 2 
(n=59) 


a 


Wound infection 
Intra-abdominal abscess 
Recusrent acute cholangitis 
Biliary fistula 

Duocenal fistula 
Multiorgan failure 
Bronchopneumonia 


Gastrointestinal bleeding 


O ~ =~ =- O ~ N ÀA 


Myocardial infarction 


*Numbers in parentheses represent mortality. 


Table 4.— Operative Findings* 

Group 1 Group 2 

(n= 26) (n=59) 
Impacted intrahepatic stones 12 (46) 29 (49) 
Common bile duct stones 14 (54) 23 (39) 
Impacted stones in common bile duct 8 (31) 2 (3)t 
Intrahepatic duct strictures (38) 26 (44) 
Common bile duct stricture (27) 3 (5)t 
Liver abscesses (4) 4 (7) 


Extrahepatic abscesses (8) 1 (2) 


Segmental liver atrophy (23) 16 (27) 


*Values are number (percent). 
tP<.001. 


Table 5.— Microbiological Results of Blood and Bile 
Culture 


Bacteria Isolated Blood Bile 


26 








Escherichia coli 18 

Group 1 Group 2 Klebsiella pneumonia 5 10 

Gs nen?) Streptococcus faecalis 2 11 

Common bile duct exploration Clostridium perfringens 0 9 
Transhepatic intubation Pomeud midi: 1 6 
L lateral segmentectomy Enterobacter cloacae 0 5 
L hepatic lobectomy 0 Bacteroides fragilis 2 4 
Subsegmentectomy 0 Aeremonas hydrophila 0 4 
Sphincteroplasty 0 a-Hemolytic Streptococcus 0 3 
Choledochojejunostomy 0 Mosganella morganii 0 3 
Hepaticojejunostomy 2 Aciaetobacter species 0 2 
Hepaticocutaneousjejunostomy 1 Providencia rettgeri 0 1 
Hepatotomy 0 Edveardsiella tarda 1 1 
Liver abscess drainage 1 Single bacteria 25 25 
Endoscopic nasobiliary drainage 1 eee ee 3 27 
*Numbers in parentheses represent mortality. In group 2, three patients “No growth 31 8 








refused elective operation after acute cholangitis subsided. 
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>37.5°C), jaundice, and abdominal pain were present at 
the time of admission in 84% (n=74), 61% (n=54), and 
86% (n= 76) of the patients, respectively. The presenting 
clinical features as well as the incidence of concomitant 
medical diseases and previous biliary surgery were similar 
in group 1 (n=26) and group 2 (n=62) patients (Table 1). 
Seven of 11 patients who presented with septicemic shock 
on admission had operations on day 1, as the shock was 
refractory to conservative treatment. Other indications for 
emergency operations were emergence of shock while be- 
ing treated conservatively (n=8), persistent fever (n= 8), 
and signs of spreading peritonitis (n=3). These proce- 
dures were carried euton days 1 to7 of admission (median, 
day 3). One patientwas treated successfully by endoscopic 
nasobiliary drainage of the left ductal system. Others had 
surgical decompression of an obstructed biliary tract (Fig- 
ure, Table 2). During the operations, impacted stones were 





62 


62 


59 


62 


62 


62 


62 


58 


58 


62 


62 


62 


60 


62 


Factor No. 
Temperature, °C 26 
Pulse rate, beats/min 25 
Systolic blood pressure, mm Hg 26 
Hemoglobin, g/L 26 
Hematocrit 25 
White blood cell count, x 10°/L 26 
Platelet count, x 10°/L 25 
Prothrombin time, s above control 24 
Partial thromboplastin time, s above control 24 
Total bilirubin, wmol/L 26 
Alkaline phosphatase, U/L 24 
y-Glutamyltransferase, U/L 
Aspartate aminotransferase, U/L 
Alanine aminotransferase, U/L 25 
Albumin, g/L 26 
Urea nitrogen, mmol/L 25 
Creatinine, wmol/L 25 


62 


“Group 1 values are given first, then group 2 values. 
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Table 6.—Comparison of Admission Clinical, Hematological, and Biochemical Data Between Group 1 and 2 Patients* 


S&S 


dislodged and removed; strictures of the right, left, or 
segmental bile ducts were dilated with graduated dilators 
until free egress of purulent bile was obtained and the 
transverse limb of a T tube or a transhepatic tube could be 
passed through the stricture. Residual stones detected on 
postoperative cholangiograms were removed by flexible 
choledochoscopy via transhepatic or T-tube tract (n= 13) 
or further elective surgery (n=5). In seven patients who 
required surgery because of persistent fever and who were 
stable hemodynamically throughout the operation, addi- 
tional definitive operations, ie, left lateral segmentectomy 
(n=5) and hepaticojejunostomy (n= 2), were carried out. 

Nine patients (35%) in group 1 had one or more local or 
systemic complications (Table 3), leading to a mortality of 
12%: twopatients died of irreversible septicemic shock and 
one of gastrointestinal bleeding. Their operations were 
performed 36 to 60 hours after admission. There was no 





Median (Range) P 
38.6 (36.0-40.5) 
0035 
37.9 (36.5-40.0) 
110 (80-150) 
<,.0001 
90 (70-140) 
105 (70-160) 
0045 
110 (90-190) 
123 (88-157) 
2434 
127 (83-165) 
0.36 (0.27-0.47) 
3326 
0.38 (0.26-0.49) 
11.25 (4.2-39.9) 
.8909 
10.5 (4.2-21.2) 
112.0 (18-278) ‘i 
T 
171.5 (65-452) 
1.0 (0-11) is 
0.5 (0-4) ` 
2.0 (0-28) ands 
1.0 (0-7) y 
48 (5-288) 
.0099 
24 (2-204) 
236 (56-1061) ARN 
158 (44-1200) ) 
176.5 (25-1452) Art 
169.5 (18-1783) ; 
72 (9-1050) Paes 
48 (13-742) 
55 (6-429.0) ps 
41 (5-712) 
39 (21-45) bist 
40 (23-59) 
5.3 (1.1-29.8) ae 
5.1 (2.4-22.9) 
90 (49-474) ane 
90 (5-207) 
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ble of Need of Emergency 


"Admission Platelet Count* 


Predicted Outcome by 














Pulse Rate 
>100 Beats/min 


18/25 (72) 


Platelet Count 
<150 x 10°YL 


20/25 (80) 
















Sensitivity 


Specificity 46/62 (74) 44/62 (71) 
Positive predictive value 18/34 (53) 20/38 (53) 
Negative predictive value 46/53 (87) 44/49 (90) 


Accuracy 64/87 (74) 


*Values are number per group (percent). 


64/87 (74) 





mortality in seven patients who had emergency hepatic 
resection or hepaticojejunostomy and in group 2 patients 
during the episodes of acute cholangitis. 

The operative findings are summarized in Table 4. The 
incidences of intrahepatic ductal strictures and stones im- 
pacted within intrahepatic ducts were comparable in both 
groups. However, concomitant extrahepatic obstruction 
due to impacted common ductal stones or strictures was 
much more common in group 1 (46%) than in group 2 (7%) 
patients (P<.001). 

Blood culture was obtained on admission in 59 patients; 
28 (47%) of these cultures were positive (Table 5). The in- 
cidence of positive blood culture in group 1 was 59% (13/ 
22) and that of group 2, 41% (15/37). The presence of a 
positive blood culture did not dictate the need for emer- 
gency biliary decompression. 

Bile culture results were available in 60 patients, of 
which 52 (87%) were positive (Table 5). The incidence of 
a positive bile culture in group 1 was 90% (18/20) and that 
of group 2 was 85% (34/40). Multiple micro-organisms 
were isolated in bile of nine (45%) group 1 patients and 18 
(45%) group 2 patients. Bacterial strains resistant to an- 
tibiotics used in treating the acute cholangitis were found 
in six (30%) group 1 and 11 (28%) group 2 patients. Neither 
the incidence of resistant bacterial strains nor multiplicity 
of micro-organisms in bile could account satisfactorily for 
the cause of treatment failure. 

Univariate analysis showed that three clinical factors 
(maximum body temperature, highest pulse rate, and lowest 
systolic blood pressure within the first 24 hours of admis- 
sion), three hematological factors (platelet count, prothrom- 
bin time, and partial thromboplastin time), and one bio- 
chemical factor (total serum bilirubin level) were significant 
in predicting the need for emergency procedures (Table 6). 
Data on these seven significant characteristics were complete 
in 82 patients. Stepwise logistic regression analysis of these 
data showed that maximum pulse rate within 24 hours of 
admission (t= 5.0, P<.001) and platelet count obtained at the 
time of admission (t= 3.46, P<.001) were the factors with 
independent significance in determining the need for 
emergency procedures. The discriminant function (R) 
generated was R=(0.0129 x pulse) — (0.00204 x platelet 
ccunt) — 0.6696. Further analysis showed that a pulse rate 
over 100 beats per minute (x~= 14.4, P<.001, relative risk, 
2.8) and platelet count less than 150x10°/L (x°=16.8, 
P<.001, relative risk, 5.2) were the cutoff points that could 
maximally separate the two groups of patients, with an over- 
all accuracy of 74% (Table 7). 
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COMMENT 


In this series of patients who had acute cholangitis sec- 
ondary to hepatolithiasis, the clinical presentation and in- 
cidence of positive blood and bile cultures were similar to 
those of patients who had acute cholangitis due to other 
causes.”° However, the incidence of conservative treat- 
ment failure was double that of the latter group.*® This 
could be related to a more complicated biliary and paren- 
chymal disease process secondary to hepatolithiasis. 

The reason why antibiotic treatment is successful in 
some but refractory in others remains unknown. This 
study demonstrated that persistent obstruction of the en- 
tire biliary tract by impacted stones and strictures at the 
common hepatic or bile duct might be an important con- 
tributory factor. It is conceivable that biliary sepsis involv- 
ing the entire biliary tract is more virulent than when an 
isolated liver segment is involved. This finding is sup- 
ported by the fact that the admission serum bilirubin level 
was higher in group 1 patients. The proportion of patients 
with clinical jaundice was also higher, but the difference 
did not reach significance (x7 =2.89, P<.10). 

In all of the reported series of acute cholangitis, the de- 
cision for surgical intervention rested solely on clinical 
findings of progression of the disease or unresponsiveness 
to medical treatment. The operative mortality was 20% to 
40%.°° The poor result might be related to delayed de- 
tection of deterioration and therapeutic intervention. '° As 
clinical deterioration can be rapid and subtle,’ objective 
means to identify these patients before overt deterioration 
is much needed. In this series with hepatolithiasis as the 
cause, two characteristics (ie, maximum pulse rate within 
24 hours of admission and admission platelet count) 
readily available within the first day of presentation were 
identified. Both characteristics are reflections of systemic 
effects of severe acute cholangitis. They may serve as 
guidelines for selecting high-risk patients for close sur- 
veillance and early intervention. Coupled with judicious 
choice of surgical procedures, these factors may reduce 
morbidity end mortality in the future. 

In the treatment of acute cholangitis secondary to he- 
patolithiasis, adequate biliary decompression and com- 
plete eradication of stones and strictures in one operation 
would be ideal. Definitive operations, ie, hepatic resection 
for impacted stones within destroyed liver segments" and 
bilioenteric bypass for major bile duct stricture,'* can be 
safely carried out when the indication for emergency op- 
eration is persistent fever only. If the patient is critically 
ill, definitive operations are not to be recommended. In 
such instances, biliary decompression via a large-bore T 
tube or transhepatic tube is often effective and lifesaving. 
Endoscopic nasobiliary and percutaneous transhepatic 
biliary drainage’ are relatively new approaches in the 
emergency treatment of acute cholangitis from hepatolith- 
iasis. Their efficacy needs further evaluation, as mud and 
viscid bile are often present and may not be adequately 
drained via narrow catheters. 
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ARCHIVES OF INTERNAL MEDICINE 


Perceived Quality of Life and Preferences for 
Life-Sustaining Treatment in Older Adults 


Richard F. Uhlmann, MD, MPH, Robert A. Pearlman, MD, MPH 





We investigated whether perceived quality of life is associated with preferences for 
life-sustaining treatment for older adults. Participants included chronically ill, elderly 
outpatients (N = 258) and their primary physicians (N= 105). Patients and physicians 
were independently administered a questionnaire regarding patient quality of life and 
preferences for cardiopulmonary resuscitation and mechanical ventilation for the pa- 
tient. Physicians rated patients’ global quality of life, physical comfort, mobility, de- 
pression, anxiety, and family relationships significantly worse than did patients. 
Nearly all perceptions of patients’ quality of life were significantly associated with 
physicians’ perceptions, but not patients’ treatment preferences. Patient-physician 
agreement on patient global quality of life was not significantly associated with agree- 
ment regarding treatment preferences. We conclude that primary physicians generally 
consider their older outpatients’ quality of life to be worse than do the patients. Fur- 
thermore, physicians’ estimations of patient quality of life are significantly associated 
with physicians’ attitudes toward life-sustaining treatment for the patients. For the 
patients, however, perceived quality of life does not appear to be associated with their 
preferences for life-sustaining treatment. (Arck Intern Med. 1991;151:495-497). 


Reprint requests to Division of Gerontology and Geriatric Medicine, Harborview Medical Center, 325 
Ninth Ave, Seattle, WA 98104 (Dr Uhlmann). 
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Intraluminal Ileal Recovery of Pancreatic Polypeptide 


David W. McFadden, MD; Marek Rudnicki, MD, PhD; Ambikaipakan Balasubramaniam, PhD; Josef E. Fischer, MD 


@ Pancreatic polypeptide (PP) is a normal constituent of 
pancreatic islet cells. Enterocytes containing PP have been 
identified but incompletely characterized. We previously 
demonstrated independent intravascular and intraluminal 
release of two related peptides, peptide YY and neuropep- 
tide Y. In this study, using ileal segments in conscious dogs, 
we evaluated the intravascular and ileal intraluminal pres- 
ence of PP to test meals. Fasted plasma and recoverable ileal 
PP concentrations averaged 139+2 and 65+4 pg/mL, re- 
spectively. A mixed protein meal resulted in a sustained rise 
of circulating PP levels associated with a brief elevation of 
ileal luminal PP levels. Fat meals were followed by elevations 
in plasma PP levels without luminal changes. Glucose in- 
gestion altered neither plasma nor luminal PP levels. Our 
data support the existence of ileal PP-containing cells that 
respond independently of circulatory PP-releasing cells to 
different ingested stimuli. 
(Arch Surg. 1991;126:1032-1035) 


p ancreatic polypeptide (PP), discovered in the process 

ofinsulin purification, was later shown to be a normal 
constituent of the pancreas.” Cells containing PP were 
initially discovered in the periphery of the islets, scattered 
in clusters among the acini of the paraduodenal exocrine 
pancreas.”* Food-stimulated release of PP is biphasic with 
an early, almost immediate, release thought to be vagally 
mediated. A prolonged release phase of up to 3 hours fol- 
lows and is thought to be driven by enteric hormonal fac- 
tors.” Plasma levels of immunoreactive PP are between 100 
and 200 pg/mL in both humans and dogs in the basal, or 
fasted, state and increase promptly after feeding to levels 
of 400 to 1200 pg/mL, depending on the nutrient stimulus. 

Pancreatic polypeptide can be released into the circu- 
lation even when the pancreas, duodenum, and antrum 
are absent.° Isolated PP immunoreactive cells have been 
identified in extrapancreatic regions of the gastrointestinal 
tract, including the small intestine.”’* Clinically, positive 
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correlations have been found between symptoms, intes- 
tinal transit time, and circulating PP in patients with func- 
tional dowel disorders.” 

There have been numerous substantiations of the re- 
lease of gastrointestinal tract hormones into the gas- 
trointestinal tract lumen.'® We previously reported our 
findings of independent circulating and intraluminal re- 
lease cf neuropeptide Y and peptide YY after meal stim- 
ulation in awake dogs." It has been suggested that in- 
traluminally released hormones and peptides are 
instrumental in regulating the mechanisms that control 
mucosal absorption and secretion.’ * These reports, and 
others. led us to investigate the influence of different meal 
stimul on the release of PP into the circulation and the ileal 
lumen. 


MATERIALS AND METHODS 

This study conformed to the guidelines for the care and use of 
laboratery animals established by the Animal Care Committee of 
the University of Cincinnati (Ohio) College of Medicine. Six 20- 
to 25-kg conditioned dogs of both sexes were used in this study. 
After an overnight fast, the animals were anesthetized with in- 
travencus pentobarbital sodium (30 mg/kg of body weight) and 
orotracheally intubated. A broad-spectrum cephalosporin anti- 
biotic was given intravenously preoperatively and continued for 
48 hours postoperatively. 

The ebdominal cavity was explored through a midline celiot- 
omy. Distal ileal Thiry-Vella loops (TVLs), 25 cm in length, were 
created with both ends exteriorized as Brooke ileostomies. The 
neurovascular pedicle of the TVL was preserved. Continuity of 
the gas-rointestinal tract was restored by standard end-to-end 
anastomosis. The animals were allowed to recover for 2 weeks 
after surgery and maintained their weight with standard dog 
food. The animals were conditioned to stand quietly in modified 
Pavlov harnesses. 

Before each experiment the animals were fasted overnight with 
ad libitum access to fresh water. After the dogs were placed in 
the harnesses, they were fed a mixed protein meal (2 g/kg), as 
400 g ofcanned dog food, consisting of 10% protein and less than 
2% fat (Quaker Oats Co, Chicago, Ill), a fat meal (corn oil; 5 mL/ 
kg), or glucose (1.5 g/kg as 25% dextrose). Water was added to 
the fat and glucose meals to assure equal volumes (400 mL) in 
all test neal groups. In each experiment, blood samples for PP 
radioimmunoassay were collected froma peripheral venous cath- 
eter. Blood samples were collected at 40 minutes, 20 minutes, and 
immediately before feeding and then at 20-minute intervals post- 
prandially for 120 minutes. Blood samples (5 mL) were collected 
in chilled plastic tubes containing 500 kallikrein IU/mL of the pro- 
tease inhibitor aprotinin (Trasylol; Sigma Chemical Co, St Louis, 
Mo) and heparin sodium (15 U/mL). 

For luminal PP recovery data, Silastic 14-F (Foley) catheters 
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Fig 1.— Pancreatic polypeptide release into blood and ileal lumen 
after a mixed protein mea!. Asterisk indicates P<.05 vs basal value. 
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Fig 2.—Pancreatic polypeptide release into blood and ileal lumen 
after a fat meal. Asterisk indicates P<.05 vs basal value. 


were introduced into both the proximal and distal TVL stomas, 
and the balloons were inflated with 3 mL of warm water. The TVL 
was then gently irrigated with warm (38°C) normal saline to clean 
the intestinal lumen of existing mucus and debris. During each 
20-minute experimental period, 20 mL of normal saline (38°C) 
was instilled into the proximal stomal catheter and collected from 
the distal stomal catheter at the end of the period. Ileal effluent 
was collected in iced plastic tubes containing 500 kallikrein IU of 
aprotinin per milliliter of effusate and averaged 19+2 mL in vol- 
ume. At the end of each experiment, the blood and ileal effusate 
samples were centrifuged (3000 rpm for 10 minutes at 0°C), and 
the plasma and supernatant were frozen and stored at — 20°C 
until radioimmunoassay. All animals were given each test meal 
twice during a period of 6 weeks, with a minimum of 72 hours 
between studies. 

Plasma and ileal effluent PP levels were measured by means 
of an antiserum raised against natural bovine PP according to the 
published procedures developed for peptide YY.'° This antise- 
rum showed no cross-reactivity with neuropeptide Y, peptide 
YY, or the C-terminal hexapeptide of PP and displayed a sen- 
sitivity of 5 pg/mL. Detailed characterization of the PP antiserum 
has been reported previously. '4 

Each study on the PP response to a different meal was per- 
formed twice on the six animals, and an average of the two re- 
sponses was taken before statistical analysis. The mean value of 
the three basal plasma and ileal effluent PP concentrations was 
calculated for each animal, thus allowing each animal to serve as 
its own control. The PP results are reported in picograms of PP 
per milliliter, +SEM. Repeated-measures analysis of variance 
was used to analyze data for statistical significance of differences 
between the postprandial and the basal values. Differences with 
a P value of less than .05 were considered significant. 
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Fig 3.—Paacreatic polypeptide release into blood and ileal lumen 
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Fig 4.—Rechromatography (high-performance liquid chromatogra- 
phy) of main pancreatic polypeptide (PP)-like immunoreactivity in 
canine ilea! effluent. Arrow marks the elution position of synthetic 
PP. 


RESULTS 

The average PP plasma level in fasted dogs was 
139+2 pg/mL, and ileal effusate recovery averaged 61+ 
4 pg/mir or 65+4 pg/mL. No differences were observed 
among basal values in PP concentrations in plasma or in 
ileal effluents among study groups. A significant rise in 
plasma PP concentration was noted 20 minutes after in- 
gestion of the mixed protein meal and lasted for the entire 
postprandial measurement period of 120 minutes. Recov- 
ery of PP from the ileal segments increased after the mixed 
protein meal but was significant only at the 20- and 40- 
minute time points (Fig 1). A significant increase of plasma 
PP levels after fat ingestion was observed 40 minutes after 
feeding and persisted through the 120-minute point. In- 
gestion of the fat meal did not affect ileal effluent PP re- 
covery (Fig 2). Neither plasma PP concentration nor ileal 
PP recovery was altered after the glucose meal (Fig 3). 

Ileal etfusate samples were also subjected to high- 
performance liquid chromatography to verify the identity 
of the luminal PP immunoreactivity (Fig 4). Rechromatog- 
raphy of the main PP-like material present in canine ileal 
effluent was performed by specific columniation 
(250 x 4.6 mm, 5-um particle size). Solution A was 0.1% 
trifluoroacetic acid in water and Solution B was 60% 
methyl cyanate. The main PP-like immunoreactivity 
present in the ileal effluent was isolated by means of iden- 
tical chromatographic conditions. Synthetic PP (Peninsula 
Laboratcries, Belmont, Calif) eluted at the marked posi- 
tion (Fig 4). 
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COMMENT 


It is well known that amino acids, protein, and fat are 
potent stimuli for PP release into the circulation.’* Al- 
though glucose has been shown by some investigators to 
stimulate PP release into the circulation,'”’’® our study 
supports the observations of many others that oral glucose 
or a meal composed primarily of carbohydrates induces 
only a small PP response.”'”"® 

No studies currently exist that demonstrate intestinal 
intraluminal PP immunoreactivity, and PP recovery from 
the ileal lumen has not, to our knowledge, been previously 
observed. In this study we used an artificial method of 
examining gross ileal luminal PP content by washing out 
the lumina of ileal TVLs with an isotonic saline solution. 
The relationship of our luminal PP recoveries to actual ileal 
PP is unknown, but the overall patterns of PP recovery to 
various stimuli were consistent and may represent actual 
luminal PP release. In this series of studies, we observed 
the existence of ileal PP in the basal or fasted condition. 
We also identified a physiologic stimulus that increases 
ileal recovery of this peptide, namely a mixed protein 
meal. Ingested fat stimulated circulating but not ileal PP 
recovery. 

Evidence of intraluminal release exists for several gut 
hormones and peptides, including gastrin, pepsinogen, 
somatostatin, serotonin, substance P, enkephalin, pep- 
tide YY, and neuropeptide Y.1™1%1?-2 Pancreatic polypep- 
tide immunoreactivity in ileal effusates may represent an 
effect of “spillover,” or it may result from intraluminal re- 
lease of PP from enteric PP-containing cells. Spillover or 
elimination of circulating PP into the gut lumen across ep- 
ithelial cells could conceivably occur as an effect of the 
transport of PP through the bloodstream from the pan- 
creas to the TVL. Our findings of different patterns of lu- 
minal PP recovery compared with circulatory PP level el- 
evations argue against this explanation. Protein ingestion 
resulted in 2 hours of increased plasma PP levels and only 
40 minutes of increased luminal PP recovery, whereas fat 
feeding stimulated plasma, but not luminal, increases in 
PP levels. 

We suggest that the luminal PP immunoreactivity found 
in this study originates from ileal PP-containing cells. Ex- 
trapancreatic PP has been demonstrated in the canine 
small intestine. The basal and postprandial changes in 
luminal PP recovery appear to be dependent on neural or 
hormonal stimuli rather than the direct actions of food, 
since the TVL is excluded from the normal enteric stream. 
Perfusion of the TVL with normal saline altered neither 
basal ileal nor circulating PP concentration, and mechan- 
ical distention is unlikely to stimulate PP release by an 
intestinal reflex.2! We hypothesize that humoral messen- 
gers are involved in the activation of PP immunoreactivity, 
although local or paracrine effects cannot be ruled out. A 
cholinergic dependency is also possible, although vagal 
influences are much less potent in the small intestine. 

Information about the physiologic roles of PP is limited, 
and the precise role of luminal PP is not defined in this 
study. Pancreatic polypeptide, like many gut hormones, 
is thought to play a role in a variety of functions of the ileal 
mucosa and may act on the basal side of enterocytes as a 
paracrine*** or neurocrine*”*® agent. 

The pancreas and the gut share common embryologic 
derivations and are closely integrated functionally. This 
integration appears to be controlled by a complex system 
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of nerves and endocrine cells known as the enteropan- 
creatic axis.” This important autoregulatory system reg- 
ulates the digestive functions of the pancreas, in which PP 
appears to have a significant role.*”** The neurally me- 
diated phase of PP release is followed by a gradual decline 
and then a second, or intestinal, phase of sustained re- 
lease. The exact functions of the enteropancreatic axis, the 
contribution of enteric PP to postprandial levels, and the 
role of PP originating from extrapancreatic sites deserve 
additional studies. Furthermore, recent studies have 
shown that the intestinal phase of release of PP occurs 
throughout the entire small intestine and is accompanied, 
and possibly stimulated, by cholecystokinin release.” 
In summary, this study demonstrated the presence of 
PP in the intestinal lumen. This enteric PP, verified by both 
radioimmunoassay and high-performance liquid chroma- 
tography, is present in basal, or fasted, conditions, and its 
recovery increases after a mixed protein meal. A fat meal 
stimuleted increases in plasma PP without concomitant 
changes in ileal recovery. The luminal PP may be of in- 
testinal origin and suggests the existence of extrapancre- 
atic, ileal mucosal PP cells that respond independently of 
pancreatic PP-containing cells to nutrient stimuli. 
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Immunology of Renal Allograft Rejection 


Lloyd E. Ratner, MD; Gregg A. Hadley, PhD; 
Douglas W. Hanto, MD, PhD; T. Mohanakumar, PhD 


Allograft rejection remains the critical problem of renal transplantation. The immu- 
nologic mechanisms that underlie renal allograft rejection are heterogeneous and in- 
volve the humoral and cellular limbs of the immune response. Antibody-mediated 
hyperacute rejection is now rare owing to improved prospective crossmatching. 
Chronic rejection, characterized by intrarenal arterial fibrosis, is still poorly under- 
stood. Knowledge of the afferent and efferent processes involved in rejection has led 
to effective therapeutic and experimental strategies that employ monoclonal antibodies 
and other pharmacologic agents to reverse, or prevent, acute allograft rejection. In 
addition, allospecific tolerance has been achieved experimentally and clinically in a 
variety of manners. Preliminary studies on the mechanism of allograft tolerance in- 
duced by donor-specific blood transfusions before transplantation suggest a role for 
an immunoregulatory cell population that specifically down regulates cytotoxic lym- 
phocyte responses to donor antigens in some recipients. A role for noninherited ma- 
ternal antigens and anti-idiotypic antibodies in down regulating immune responses 
to allografts have also been reported by several studies. An improved understanding 
of allograft rejection and tolerance may identify approaches to prolong allograft sur- 
vival without the morbidity and mortality associated with present-day immunosup- 
pression. (Arch Pathol Lab Med. 1991;115:283-287). 
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Clinical Note 


Arterial Hemorrhage After Pancreatoduodenectomy 
The ‘Sentinel Bleed’ 


Jeffrey T. Brodsky, MD, Alan D. M. Turnbull, MD 


@ Experienced centers report reduced operative mortality 
after pancreatoduodenectomy for cancer, but significant 
complications continue to occur in as many as 25% of pa- 
tients. Anastomotic disruption leads to sepsis in the pan- 
creatic bed where major vascular structures have been ex- 
posed by regional lymphadenectomy, creating a setting for 
arterial erosion or ligature slough and massive hemorrhage. 
Dehiscence of the pancreatojejunostomy is a particular risk. 
We treated five patients with arterial hemorrhage after pan- 
creatoduodenectomy, all of whom had had “sentinel” bleed- 
ing from the abdominal drains or gastrointestinal tract. Re- 
sults of endoscopy were misleading in two patients. Three 
of five patients were saved by prompt recognition, early op- 
eration, and, in one instance, angiographic embolization. 
Sentinel bleeding after pancreatoduodenectomy indicates 
local sepsis and probable anastomotic dehiscence. Recog- 
nition of its significance and prompt response may prevent 
exsanguination. 
(Arch Surg. 1991;126:1037-1040) 


P ancreatoduodenectomy performed by experienced 
surgeons is associated with a mortality of less than 
5% and significantly reduced morbidity when compared 
with reports published before 1980.15 Such complications 
as intraoperative hemorrhage, anastomotic leak, and sep- 
sis remain a significant concern. Reconstruction after pan- 
creatoduodenectomy for cancer involves three enteric 
anastomoses in a confined anatomic area containing large 
blood vessels denuded by regional lymphadenectomy. 
The pancreatojejunostomy is of greatest concern, partic- 
ularly when the gland is soft and the duct is not dilated. 
An anastomotic leak releasing activated enteric contents 
usually leads to regional sepsis and fistula, creating a set- 
ting for vascular erosicn and major hemorrhage. 
Although delayed hemorrhage after pancreatoduo- 
denectomy has been described, details of clinical presen- 
tation and management are few. This report concerns five 
patients who experienced delayed arterial hemorrhage as 
a result of anastomotic complications after pancreatoduo- 
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denectomy for cancer (Figure). The importance of a “sen- 
tinel bleed” as a prelude to this life-threatening compli- 
cation is emphasized, and management is discussed. 


REPORT OF CASES 

Case 1.—A 72-year-old man who underwent pancreatoduo- 
denectomy for an ampullary adenocarcinoma was noted to have 
enteric wound drainage on the 10th postoperative day. A contrast 
study through the drain confirmed communication with the main 
pancreatic duct. The following day, the drainage became bloody, 
and exploration revealed disruption of the pancreatojejunos- 
tomy, regional sepsis, and erosion of the common hepatic artery. 
The arteria! defect was sutured and the area widely drained. 

Four days later, frank hemorrhage through the drain prompted 
emergency angiography, which demonstrated bleeding from the 
gastroduodenal artery stump. Control was achieved by embo- 
lization of the hepatic artery, but hepatic necrosis and fulminant 
sepsis followed, necessitating reexploration. A necrotic left lat- 
eral hepatic segment was débrided, and the pancreatojejunos- 
tomy was civided, with jejunal closure and external drainage of 
the pancreatic duct. On the 23rd postoperative day, débridement 
of residual necrotic liver was performed. A slow but continual 
recovery followed, and the patient was discharged on a regular 
diet with enzyme supplements 80 days after his initial procedure. 
He was free of disease a year later. 

Case 2.—A 72-year-old woman underwent pancreatoduo- 
denectomy for a distal common bile duct adenocarcinoma. On 
the 10th postoperative day, a nasogastric tube was inserted be- 
cause of gastric atony, and blood was seen in the aspirate. Gas- 
troscopy disclosed a small erosion, to which a heater probe was 
applied. Bleeding recurred the following day, and the heater 
probe was applied to a second erosion. Three days later, massive 
hematemesis led to immediate exploration, which revealed dis- 
ruption of the pancreatojejunal anastomosis and erosion into the 
adjacent superior mesenteric artery. The patient died in the op- 
erating room. In retrospect, the endoscopic findings were mis- 
leading and delayed intervention. 

Case 3.—An obese 67-year-old woman underwent pylorus- 
preserving pancreatoduodenectomy for a duodenal adenocarci- 
noma. The gastrostomy tube was accidentally avulsed on the 11th 
postoperative day. Although the tube was replaced, abdominal 
drainage increased and became purulent. Computed tomogra- 
phy demonstrated extravasation of contrast material from the 
stomach, which seemed adequately drained. 

The patient’s condition remained stable with intravenous al- 
imentation and antibiotics. On the 19th postoperative day, the 
abdominal drainage was briefly blood tinged. Two days later, 
frankly bloody drainage progressed to brisk hemorrhage on the 
way to the operating room. Exploration revealed necrotizing pan- 
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In clockwise fashion, this drawing of a completed pancreatoduo- 
denectomy illustrates the sources of arterial hemorrhage described 
in the five case reports. These included the right hepatic artery (pa- 
tient 5), common hepatic artery (patients 1 and 3), splenic artery 
(patient 4), superior mesenteric artery (patient 2), and gastroduo- 
denal artery stump (patient 1). 


Pancreatojejunostomy Dehiscence After 
Pancreatoduodenectomy 
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creatitis, multiple abscesses, a huge gastrostomy tear, and ero- 
sion into the hepatic artery at the hilum. The artery was suture 
ligated, necrotic tissue was débrided, and the abdomen was 
packed open to allow interval explorations in the intensive care 
unit. Angiography, done to embolize the common trunk as a 
means of preventing rebleeding, revealed complete occlusion of 
the common hepatic artery. 

Recovery was delayed by respiratory and renal insufficiency 
requiring prolonged support in the intensive care unit, but he- 
patic necrosis did not occur. The persisting 3-cm gastric defect 
was finally closed by direct application of an abdominal wall ad- 
vancement flap, which also covered the residual incisional defect. 
Full recovery followed a 3-month hospitalization. 

Case 4.—A 74-year-old man underwent pancreatoduodenec- 
tomy for adenocarcinoma of the pancreatic head. Delayed gastric 
emptying was treated by enteral feeding through a percutane- 
ously placed jejunostomy catheter. Six weeks later, hematemesis 
prompted readmission, and endoscopy demonstrated small qui- 
escent gastric erosions. Computed tomography and visceral an- 
giography were normal. Five days later, massive hematemesis 
followed erosion of the proximal splenic artery adjacent to an 
apparently healed pancreatojejunal anastomosis. No local sepsis 
was identified, and bleeding was controlled by suture ligature. 
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Six days later, massive bleeding recurred in the same area, 
necessitating completion pancreatectomy (ie, removal of the re- 
maining body and tail of the pancreas with the spleen, end result 
being total pancreatectomy), splenectomy, and proximal ligation 
of the splenic artery. A third episode of bleeding from an eroded 
short gastric artery led to the patient’s death from multiple organ 
failure 11 weeks after the initial procedure. 

Case 5.—A 69-year-old man underwent pancreatoduodenec- 
tomy for pancreatic adenocarcinoma. A high-output enteric fis- 
tula developed on the 10th postoperative day. Somatostatin, 
catheter drainage, and total parenteral nutrition effectively con- 
trolled the situation. 

Two weeks later, the fistula drainage abruptly changed from 
clear to blood-stained bile, suggesting sentinel bleeding. Lap- 
arotomy revealed posterior disruption of the bilioenteric anas- 
tomosis and erosion of the right hepatic artery. The artery was 
suture ligated, the anastomosis was drained, and the abdominal 
incision was left open for interval débridement. Final closure of 
the fistula and the incision was achieved by advancement and 
rotation of adjacent abdominal wall in a manner similar to that 
used in patient 3. The patient was discharged 10 weeks after the 
initial procedure, and the fistula was completely closed 2 weeks 
later. When the patient was seen 1 month later, his activity and 
diet had returned to normal. 


COMMENT 

Before 1980, operative mortality for pancreatoduo- 
denectomy ranged from 10% to 24%,""**° while current 
rates are as low as 2% in experienced centers.” In con- 
trast, a recent community hospital experience reporting 
mortalities of 31% and 40% for the Whipple procedure and 
total pancreatectomy, respectively, led authors to ques- 
tion whether surgeons should perform pancreatic resec- 
tion as an occasional procedure.°® 

The combined experience with pancreatoduodenec- 
tomy of the three surgeons who treated the five patients 
described in this report exceeds six decades. From October 
1983 through October 1989, a total of 1000 patients were 
admitted to this institution with peripancreatic cancer, in- 
cluding more than 700 with histologically confirmed pan- 
creatic adenocarcinoma. Seventy percent of the latter 
group underwent exploration, and 26% of these under- 
went resection. The 30-day mortality after resection was 
4%, and that after exploration or bypass only was 6%. 

Despite reduction of operative mortality, intra- 
abdominal complications follow pancreatoduodenectomy 
in approximately 25% of patients,’ and anastomotic leaks 
remain a primary concern. The most common site of de- 
hiscence is the pancreatojejunostomy, with leakage rates 
varying from 6% to 24%" (Table). Disruption usually 
presents as intra-abdominal sepsis and spontaneous fis- 
tulization, but bleeding is a recognized complication. Jor- 
dan” reported five major hemorrhagic events in 16 pa- 
tients with pancreatic fistulas after pancreatoduoden- 
ectomy. The usual site of bleeding was the ligated 
gastroduodenal artery stump, and four of the five patients 
died. Grace et al’ reported 74 resections with 18 pancreatic 
anastomotic leaks, one of which resulted in hepatic artery 
hemorrhage and death. Trede and Schwall’ reviewed 
complications after 233 resections and identified 25 related 
to the pancreatic remnant. These included 14 anastomotic 
leaks and 11 episodes of pancreatitis. Five patients died, 
including two who died of intra-abdominal hemorrhage. 
There were 16 postoperative hemorrhages due to technical 
errors of hemostasis. A pseudoaneurysm of the splenic 
artery stump presented with hematemesis after comple- 
tion pancreatectomy for postoperative pancreatitis. Lap- 
arotomy and suture repair were successful. Braasch and 
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Gray? noted but did not discuss four episodes of hemor- 
rhage in 20 patients with pancreatic fistulas after 279 re- 
sections. Gilsdorf and Spanos’ reviewed 88 pancreatoduo- 
denectomies and reported a 14% anastomotic leakrate, 
with postoperative bleeding in 18%. Erosive arterial hem- 
orrhage was not mentioned. Lerut et al’? described three 
instances of uncontrollable hemorrhage among 15 patients 
with pancreatic fistulas and did not discuss presentation 
or management. 

Shankar and Russell’? recently reported nine major 
hemorrhages after pancreatic resection, including five af- 
ter distal pancreatectomy. They provided the first descrip- 
tion of sentinel bleeding from the gastrointestinal tract or 
abdominal drains. Each episode preceded major hemor- 
rhage by 6 hours to 10 days. Seven patients had pancreatic 
anastomotic leaks, and four had other causes of intra- 
abdominal sepsis. Bleeding sites included the splenic, gas- 
troduodenal, inferior pancreatoduodenal, and hepatic ar- 
teries. These authors believed diagnostic investigations to 
be of little help, since the pancreatic anastomosis may not 
be visualized endoscopically and bleeding is often inter- 
mittent, preventing detection by angiography. 

Additional predisposing factors to complications with 
similar potential include previous radiation therapy for 
other cancers, such as seminoma, or re-operation after pre- 
vious surgical bypass or other abdominal operation. Mas- 
sive obesity also compromises the technical excellence re- 
quired to perform a safe resection. 

The five patients described in this report illustrate the 
importance of sentinel bleeding from the gastrointestinal 
tract or drainage system as an indicator of imminent ar- 
terial hemorrhage after pancreatoduodenectomy. Sur- 
geons experienced in cervical and inguinal-femoral lym- 
phadenectomy are also aware of sentinel bleeding as a 
prelude to carotid or femoral artery “blowout” when full- 
thickness flap necresis occurs. This can be prevented by 
covering exposed vessels with healthy tissue, such as a 
flap or transposed sartorius muscle. Since regional lym- 
phadenectomy denudes the celiac axis and proximal su- 
perior mesenteric artery, one may protect these vessels by 
wrapping with residual omentum or falciform ligament. 
An anastomotic leak (pancreatic in two and biliary in one) 
accounted for three-of the five patients in this series. Four 
of the five patients had undergone extensive lymph node 
dissection. All five patients had preliminary warning 
bleeding from either the gastrointestinal tract or abdom- 
inal drains. In the firs: and fifth patients, prompt explo- 
ration prevented hypotensive shock, although the former 
later rebled massively and required emergency angio- 
graphic embolization. The second and fourth cases illus- 
trate how endoscopic findings of erosive gastritis can be 
misleading, accounting for delayed intervention, hemor- 
rhagic shock, and death. 

Bleeding from abdominal drains or the gastrointestinal 
tract in conjunction with an anastomotic leak or intra- 
abdominal sepsis after pancreatoduodenectomy should be 
viewed with seriousconcern. Unless an obvious source can 
be identified at the drain exit site or endoscopically, the pos- 
sibility of vascular erosion must be entertained. Large-bore 
vascular access, infusion of crystalloid solutions, blood prod- 
ucts, and broad-spectrum antibiotics are begun immedi- 
ately. The operating theater is prepared, and the patient is 
transported to the area as soon as hemodynamic stability is 
attained. Operative principles include proximal and distal 
suture ligation of the involved artery, evacuation of hemato- 


Arch Surg—Vol 126, August 1991 


mas, drainage of septic collections, and repair of anastomotic 
dehiscence. Angiography with selective embolization allows 
temporary control of massive bleeding and hemodynamic 
stabilization but is not an alternative to exploration. It is less 
likely to visualize the source of sentinel bleeding in a patient 
in stable condition who is not actively bleeding at the time 
of study. 

Pancreatojejunostomy disruption was treated success- 
fully in one patient by anastomotic takedown with jejunal 
closure and external catheter diversion of pancreatic se- 
cretions. The pancreatocutaneous fistula closed sponta- 
neously. This approach preserved islet cell function and 
was less technically demanding than completion pancre- 
atectomy in the setting of retroperitoneal sepsis with intact 
residual pancreas. If pancreatic necrosis or severe local 
sepsis is encountered, débridement with anterior and/or 
flank drainage, continuous peritoneal lavage, or sequen- 
tial abdominal reexplorations are options available de- 
pending on local circumstances and individual preference. 
In two of the three survivors, open laparostomy and daily 
dressing changes with débridement effectively controlled 
local sepsis, and mesh or zipper techniques were not re- 
quired, as the bilateral subcostal incisions used allowed 
the edges to fall into apposition between dressing 
changes. * In each patient, the fistula and open incision 
were eventually closed with a full-thickness abdominal 
flap. A large-bore catheter was used to drain the anasto- 
motic defect, exiting it through the flap while maintaining 
contact between the exposed viscus and the flap with 
closed system suction. Flap closure must be deferred until 
all exposed viscera are covered with healthy granulation 
and sepsis is controlled. 


We wish to express our appreciation to Joseph Fortner, MD, and 
Murray Brennan, MD, for allowing their patients to be included in 
this report. The skill of Jose Botet, MD, as an interventional radiol- 
ogist and that of Ted Chaglassian, MD, as a plastic surgeon also de- 
serve mention. 
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Invited Commentary 








Reactionary hemorrhage (within 24 hours of operation) is 
well recognized and used to be the most common postop- 
erative complication encountered after pancreatoduodenec- 
tomy. The general line of management is nonoperative, with 
replacement of blood and blood clotting factors as deemed 
appropriate. Reoperation is mandatory only when there is rea- 
son to suspect a major arterial bleeding site, when clot ac- 
cumulation in the abdomen causes distention or tamponade, 
and/or when a consumption coagulopathy is recognized. 

The past decade has witnessed a major reduction in the 
incidence of this type of bleeding, from around 10% to well 
under 1%, mainly as a result of meticulous preoperative prep- 
aration and careful hemostasis during operation. The wide- 
spread scare about transmission of various diseases, espe- 
cially acquired immunodeficiency syndrome and non-A, 
non-B hepatitis, has shown that pancreatoduodenal resection 
can be routinely performed without transfusion of blood prod- 
ucts. 

A less appreciated complication is secondary hemorrhage, 
which tends to occur during the 2nd or 3rd week postoper- 
atively. Drs Brodsky and Turnbull report five such cases of 
potentially lethal intra-abdominal hemorrhage as a compli- 
cation after pancreatoduodenectomy for cancer. They empha- 
size the clinical presentation, the diagnostic significance of the 
sentinel bleed, and the importance of intra-abdominal sepsis. 
My experience parallels theirs. While this complication is not 
common, nonetheless, it behooves every surgeon performing 

ancreatoduodenal resections to be aware of its potential le- 
thality. The following patients appear to be at greatest risk: 
(1) patients who had severe reactionary hemorrhage in the 
immediate postoperative period; all the intra-abdominal clots 
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may not have been lysed and resorbed, and secondary in- 
fection of the hematomas may supervene; (2) patients who 
underwent regional dissection with extensive skeletonization 
of all the major vessels; (3) patients who underwent pancre- 
atoduadenectomy as a reoperation; (4) patients who have had 
preoperative radiotherapy; and (5) patients who are grossly 
obese. Whethera subclinical leak at the pancreatojejunal anas- 
tomosis is a predisposing factor is debatable, since the com- 
plicaticn can also be seen after total pancreatoduodenectomy. 

My recommendations for the practical management of the 
problem include the following: (1) suspicion and early rec- 
ognition; (2) appropriate resuscitation with intravenous flu- 
ids, blood, and blood products as deemed necessary; (3) in- 
travenous broad-spectrum antibiotics; (4) diagnostic angi- 
ography and, if appropriate, selective embolization to control 
the hemorrhage temporarily; (5) urgent reoperation for evac- 
uation of hematomas, hemostasis, and débridement of ne- 
crotic tissues. If the pancreatojejunal anastomosis appears to 
be disrupted, a distal pancreatectomy and splenectomy may 
be necessary. Necrotic tissue should be sent for bacterial and 
fungal cultures. Wide drainage of the retroperitoneum by the 
“closed” or the “open” method should be employed, depend- 
ing on the operative findings. Reoperation for further débri- 
dement may be necessary in some cases. Whether continuous 
lavage of the lesser sac by the irrigation-suction method is a 
useful adjunct and will eliminate the need for reoperation is 
not knewn. 

A. Raum Moossa, MD 
San Diego, Calif 
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Atlas of Hernia Surgery 


By George E. Wantz, 249 pp with black- 
and-white illus, $115, New York, NY, 
Raven Press, 1991. 

Wantz writes that the purpose of 
this atlas is to teach hernia surgery 
the way it is taught in the operating 
room —by visual demonstrations and 
precise instructions. The visual dem- 
onstrations are enhanced by the clear 
illustrations by Caspar Henselmann, 
and the instructions are succinct and 
informative. I believe Wantz has ad- 
mirably achieved his purpose. 

The atlas discusses the anatomy, 
etiology, and repair of abdominal 
wall hernias. Wantz includes only 
techniques that he regularly uses. 
When he speaks of the “preferred 
method,” the reader should re- 
member that this is the author's pre- 
ferred method. An excellent bibliog- 
raphy is included at the end of each 
chapter. 

In the chapter on the anatomy, the 
author emphasizes that direct, indi- 
rect, and femoral hernias are not sep- 
arate entities, but all begin as a weak 
area in the myopectineal orifice of 
Fruchaud, and can be eliminated 
either by repairing this orifice or 
substituting a prosthesis for the 
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deteriorated transversalis fascia. The 


anatomic drawings are self- 
explanatory, but the legends for Figs 
1-5E and 1-5F are reversed. 

Wantz strongly prefers local anes- 
thesia for most hernia repairs. He 
gives detailed tips on his methods 
throughout the atlas. 


In his discussion of the classie— 


methods of anterior inguinal and 
femoral hernia repairs, Wantz em- 
phasizes complete dissection as the 
first part of the operation. He points 
out that the “corrupt Bassini repair,” 
which is frequently taught in the 
United States, should be eliminated. 
The Marcy, Shouldice—Bassin:, and 
McVay repairs are illustrated in ex- 
cellent detail together with an eval- 
uation of each. However, not every- 
one would agree with his comments. 
For example, the McVay repair is 
more difficult, as he points out, but 
can be an excellent repair for recur- 
rent hernias. To my knowledge, 
Wantz was the first surgeon to rec- 
ommend leaving the distal indirect 
sac in situ to avoid ischemic orchitis, 
and illustrates this maneuver well. 
The relaxing incision is nicely shown, 
but Wantz fails to mention that the 
occasional muscle bulge that pro- 
trudes from a relaxing incision can be 
prevented by using a prosthetic patch 


in the relaxing incision defect. The 
only illustration that I question is Fig 
4-43. The transition stitch, as shown, 
does not include a bite in either Coo- 
per’s ligament or the pectineal fascia, 
and therefore does nothing to close 
off the femoral canal. 

In the chapter on prosthetic groin 
hernia repairs, Wantz shows Lichten- 
steins repair and demonstrates in 
clear detail the steps of Stoppa’s giant 
prosthetic reinforcement of the vis- 
ceralsac. Further, he gives a complete 
discussion of the pros and cons of the 
following types of mesh: Mersilene, 
Marlex, Prolene, Gore-Tex, and Vic- 
ryl. 
Umbilical, pediatric, epigastric, 
and spigelian hernias are described. 
Only one method of repair of para- 
stomal hernias is shown, but inci- 
sional hernias are illustrated in detail. 
Wantz recommends mesh for the 
vast majority of these repairs and 
shows his preferred method, as well 
as several alternatives. 

In conclusion, this is an excellent 
atlas that will be invaluable to the res- 
ident and surgeon. It is another of 
Wantz’s many fine contributions to 
hernia surgery. 

Ross H. Ruttepce, MD 
Fort Worth, Tex 
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CORRESPONDENCE AND BRIEF COMMUNICATIONS 





Why I Prefer Not to Treat 
Trauma Patients 


To the Editor. —I would like to respond 
to the invited editorial comment by 
Trunkey' in the March 1991 issue of 
the Arcuives on the article by Esposito 
et al*: “Why Surgeons Prefer Not to 
Care for Trauma Patients.” I am a sur- 
geon who prefers not to care for 
trauma patients and would like to ex- 
plain the rationale behind my deci- 
sion. Iam board certified and a grad- 
uate of a 6-year medical school- 
affiliated surgical residency that in- 
cluded rotations in an inner-city 
trauma hospital. I practice general 
and vascular surgery in a community 
where the hospital is one of the major 
employers. The hospital has a well- 
equipped, combined intensive care 
unit and coronary care unit of 12 beds 
and a large, monitored, step-down 
unit. Twenty-four-hour computed 
tomographic scanning and labora- 
tory services are daily realities. I can 
provide competent diagnostic and 
operative surgical care to patients 
suffering major trauma. Trunkey be- 
lieves I should do so. I disagree. 

In the early 1980s, most trauma pa- 
tients arriving at our hospital were 
treated by me and other similarly 
trained surgeons and surgical spe- 
cialists. The only patients referred by 
us to major medical centers were 
those thought to require cardiopul- 
monary bypass or neurologic moni- 
toring beyond the scope of our hos- 
pital. Other surgeons functioned as 
first assistants. Anesthesiologists 
were present for all cases. Most of us 
believed we had an obligation to the 
community to provide this service, 
and did so willingly. In my opinion, 
the outcome was excellent. 

Now, emergency trauma surgery is 
seldom performed. There are several 
reasons. First, land others have been 
sued. The malpractice suits did not 
necessarily evolve because of the 
high number of mortalities, but were 
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often related to sequelae of the initial 
injury and not the provided care. The 
amount of the settlement or the 
judge’s final decision is not the crucial 
factor. The stress, grief, and time con- 
sumed is. Local malpractice suits of- 
ten make headlines in local newspa- 
pers. 

During this period, rapic helicop- 
ter transport into the center city was 
established. However, it is difficult to 
accept that a patient needs to be in- 
tubated for safety reasons during he- 
licopter transport when, if the patient 
were not being transportec, intuba- 
tion would not have been required. 
Fear of unjust and unwarranted crit- 
icism by these emergency specialists 
developed because of their smugness 
and disdain frequently exhibited to 
us. These attitudes markedly de- 
creased when a second helicopter 
transport service was established and 
competition for patients developed. 

During the same period, trauma 
specialty units were established in 
center-city facilities. Recently, at one 
of our hospital’s weekly continuing 
education meetings, the director of 
one of these units informed us that 
good trauma care could not be per- 
formed at any institution that did not 
have such a unit or have specialized 
equipment, such as transfusion ma- 
chines capable of rapidly infusing 
several units of blood, and techni- 
cians to use it. He suggested that we 
should not be involved in trauma care 
other than ina triage manner. He was 
polite and pleasant, but then he had 
the unit and equipment, and we did 
not. I concluded that since similar 
thinking surgeons at academic 
trauma centers are available to testify 
for prosecuting malpractice attor- 
neys, continuing to engage in trauma 
care had definite liabilities. 

At present, my surgical practice is 
successful because of the time and ef- 
fort I spend communicating with my 
patients and their families before sur- 
gery. Emergency trauma care does 
not provide the time or opportunity 
for this approach. Brief communica- 


tion before surgery or none at all is 
more likely to result in legal difficul- 
ties. Communication after the fact is 
never effective. Neither Esposito et al 
nor Trunkey successfully refutes this 
argument. I miss the challenge of 
trauma care and am disappointed at 
times that I will not be making full 
and efficient use of the knowledge 
and skills I have developed by choos- 
ing not to treat trauma patients. I will 
continue to do so until the medico- 
legal risks change. Perhaps instead of 
flying patients to tertiary medical 
centers, the helicopters should fly 
trauma specialists to the community 
hospitals when a competent commu- 
nity surgeon finds that he or she 
needs additional help. 
Cuar.es E. SLOANE, MD 
Cheswick, Pa 


1. Trunkey D. Invited editorial com- 
ment on: Esposito TJ, Maier RV, Rivara 
FP, Carrico C). Why surgeons prefer not 
to care for trauma patients. Arch Surg. 
1991 -126:297. 

2. Esposito TJ, Maier RV, Rivara FP, 
Carrico CJ. Why surgeons prefer not to 
care for trauma patients. Arch Surg. 
1991 ; 126:292-297. 


In Reply.—In 1585, Ambroise Paré 
published Apologie et Traite Contenant 
les Voyages Faits en Divers Lieux. This 
book was written as an answer to a 
book published in 1580 by Etienne 
Gourmelen, who attacked Paré for 
his reformation in the treatment of 
gunshot wounds and his use of the 
ligature in amputations. It appears 
that Sloane has attempted an apolo- 
gie but, in contrast to Paré, he has not 
introduced any new concepts or ap- 
proaches to trauma care that were not 
addressed by Esposito et al.’ 

Sloane states that he believes he 
can provide competent diagnostic 
and operative surgical care to pa- 
tients suffering major trauma, and 
then asserts “Trunkey believes I 
should do so. I disagree.” I do not 
necessarily believe that Sloane 
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į should be involved in the care of 
trauma patients. It is preferable for a 
surgeon such as Sloane to be honest 
and tell the medical staff that he pre- 
fers not to take care of trauma pa- 
tients, and to remove himself from 
the trauma rotation cll. Lack of com- 
mitment and a halfheerted attitude 
toward trauma care are reasons why 
many physicians have failed in pro- 
viding reasonable care to their com- 
munity. I prefer Sloane’s candor to a 
surgeon who reluctantly takes 
trauma call and does it badly. 

In a suburban setting, Sloane’s de- 
cision not to treat trauma patients 
negatively affects only the medical 
staff if the rest of the physicians have 
chosen to participate in a trauma sys- 
tem. Essentially, there are only two 
decisions for a community hospital 
staff to make. They can either choose 
not to participate in a trauma system 
and have the ambulances bypass 
them if they are transporting a 
trauma patient, or they can partici- 
pate in a trauma system at the level 
II or III designation as cetermined by 
the American College of Surgeons. 
Depending on the size of the commu- 
nity and the number of general sur- 
geons available, the more surgeons 
who take call, the less “onerous” the 
task is for everybocy. In contrast, if 
a surgeon elects not to take trauma 
calls in a rural environment, this has 
a negative effect on every other sur- 
geon in that community and, in some 
instances, may even deny care to pa- 
tients who may not have any other 
recourse. These considerations rep- 
resent practical issues, but do not ad- 
dress the philosophic issues that I 
have previously discussed in a Scud- 
der Oration.” 

It would have been better if Sloane 
had simply stated that he did not 
want to do trauma surgery because 
he did not like it or that it was incon- 
venient. The subsequent reasons in 
his letter were, in most part, ad- 
dressed inthe article by Esposito et al. 
Sloane states that he has been sued in 
relation to a traume case. This is an- 
ecdotal information and is not sup- 
ported by the literature, as pointed 


Arch Surg—Vol 126, August 1991 


out by Esposito and colleagues. If he 
had been sued by a patient who had 
breast surgery, would he have quit 
doing breast surgery? 

Another reason Sloane gave for 
abandoning trauma care was that he 
had difficulties with the personnel 
who had initially started the helicop- 
ter service in his community. This is 
unfortunate, but not a cause fer giv- 
ing up one part of one’s practice. The 
helicopter systems have been de- 
signed primarily to relieve the sub- 
urban and rural surgeon of some of 
the burden of trauma care. He also 
states that the director of one of the 
trauma centers in his region said that 
good trauma surgery could not be 
done in community hospitals. There 
is no scientific evidence to support 
this. In fact, the American College of 
Surgeons Committee on Trauma has 
steadfastly insisted that community 
hospitals be integrated into any re- 
gional trauma system. He also im- 
plies that all academic surgeons 
spend a fair amount of their time tes- 
tifying for prosecuting malpractice at- 
torneys. An innuendo does not win 
an argument. 

Sloane’s fourth and fifth reasons for 
not practicing trauma vex me the most. 
Establishing a relationship with pa- 
tients before operating on them is ob- 
viously optimal. Of course, it is unre- 
alistic to think that this will happen 
with the trauma patient. This does not 
preclude the surgeon from establish- 
ing an excellent relationship with the 
family and the patient after surgery. 
This must occur as soon as possible af- 
ter the lifesaving surgery. It takes an 
incredible amount of sensitivity, com- 
passion, and experience to deal with 
the family immediately following an 
injury. It often requires a fair amount 
of time, more than is required follow- 
ing elective surgery. The return from 
this investment in time is equally re- 
warding. The patient and the family 
understand the injury, the possibilities 
of a good outcome, and the chances of 
disability. Ina modern trauma system, 
the results are indeed gratifying. How- 
ever, Sloane states that neither Es- 
posito et al nor I has refuted the argu- 


ment that brief communication does 
not result in legal difficulties. Neither 
Esposito et al nor I has championed 
brief communication. Furthermore, as 
pointed out by Esposito et al, there is 
no scientific evidence to support the 
contention that there is increased med- 
ical malpractice associated with treat- 
ing trauma patients. 

The final paragraph of Sloane’s let- 
ter implies that the smaller commu- 
nity hospital does not have the pres- 
tige of a major medical center and is, 
therefore, losing patients. Under 
Sloane’s circumstances this may be 
true, but other community hospitals 
have not opted out of the trauma sys- 
tem and have sought designation as 
either level II or III centers. They par- 
ticipate fully and the skills of the med- 
ical staff do not require that a special- 
ist fly from a tertiary medical center 
to provide “additional help.” Opti- 
mally, there should be a working re- 
lationship between the academic cen- 
ter and the community hospital, 
particularly in the rural areas, built on 
trust and mutual respect. 

I admit that caring for the severely 
injured patient is a tough job. It is dis- 
ruptive to one’s social life. Trauma 
usually occurs at inconvenient hours 
and it can certainly disrupt a sur- 
geon’s clinic or elective surgery 
schedule. Nevertheless, I find these 
patients to be a challenge and they 
give me a good deal of gratification, 
particularly when there is a good out- 
come. Trauma care is not for every 
surgeon. I also believe that caring for 
the severely injured patient allows 
each of us to examine the traditional 
values that used to be inherent in 
medicine. I certainly do not lose re- 
spect for somebody who chooses not 
to care for the trauma patient, but it 
does disappoint me. 

Donar D. Trunxey, MD 
Portland, Ore 


1. Esposito TJ, Maier RV, Rivara FP, 
Carrico CJ. Why surgeons prefer not to 
care for trauma patients. Arch Surg. 
1991 ;126:292-297. 

2. Trunkey DD. What’s wrong with 
trauma care? 1989 Scudder Oration. Bull 
Am Coll Surg. 1990;75:10-15. 
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Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 times 

or more* 
Cost per word $1.70 $1.55 
Minimum ad: 20 words per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered one 
word, and figures consisting of a dollar sign and 
five numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered 
one word and must appear in all ads. Tele- 
phone number with area code is considered 
one word. When box numbers are used for 
replies, the words "Box—, c/o AOS" are to be 
counted as three words. 


Classified Display 1 Time 3 times 

or more“ 
Full page $1,432 $1,245 
Two-thirds page 1,220 1,061 
One-half page 1,002 871 
One-third page 790 688 
One-sixth page 365 317 
Column inch 105 90 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The type- 
setting fee is 10% of the one-time ad cost shown 
above. Special requests will be billed to the 
advertiser and/or agency at the then prevailing 
rates. 


Box Service 

Available for all ads. The cost is $15.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 


directly to you. 


Closing Date 
The 25th of the second month prior to the issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


Classified Advertising 
All classified advertising orders, correspondence and payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 


Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7566. Please do not send classified ads, payments or related corre- 
spondence to the AMA headquarters in Chicago. This causes needless:delay. 


advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, C/o AOS, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Surgery. 


Inquiries about "BOX NUMBER" 


Professional Opportunities 


GENERAL SURGEON - Option to establish practice 
with hospital support, or join another surgeon. 
Expect full gamut of surgical procedures. Fine, 94- 
bed medical facility. Excellent quality of life; schools; 
recreational activities. Guarantee plus negotiable 
benefits. Southwest Alabama, 90 miles from Mont- 
gomery, Mobile, Pensacola. Contact: Rebecca Tur- 
ley, (800) 338-7107. 


FAIRFIELD, CONNECTICUT general surgeon seek- 
ing personable partner, BC/BE, to join busy practice. 
Send CV: George Longstreth, MD, 325 Reef Road, 
Fairfield, CT 06430. 


BEAUTIFUL SOUTHERN ALABAMA community of 
8,000 seeks BC/BE general surgeon. Service area 
of 50,000. Well-qualified primary care base gener- 
ates a tremendous need for full-time general sur- 
geon. Hospital has surgical staff in place and is 
equipped to begin surgery immediately. Office space 
is available and can be customized to your specifica- 
tions. Community is located one hour north of 
Mobile, Alabama. Exceptional, quality \ifestyle fea- 
tures both public and private schools, beautiful 
homes and neighborhoods, a diversified economy, 
and close proximity to major universities and recre- 
ational activities on the Gulf Coast. Excellent net 
income guarantee. Paid interviewing and relocation 
expenses. Send CV or call: Greg Poston, Jackson 
and Coker, Inc., 115 Perimeter Center Place, Suite 
380 10861, Atlanta, GA 30346. Telepnone: (800) 
544-1987. 








Professional Opportunities 


GENERAL SURGEON - Colorado Springs: Thirty- 
two physician multi-specialty group is seeking a 
BC/BE general surgeon to join existing general 
surgery department. Practice involves broad range 
of general surgery, some vascular, moderate 
endoscopy and work level Il trauma center. Please 
send curriculum vitae to: Bruce Minear, Executive 
Vice President, Colorado Springs Medical Center, 
P.C., 209 South Nevada Avenue, Colorado Springs, 
CO 80903. 


IMMEDIATE OPENING for board-eligible/-certified 
surgeon at progressive VA Medical Center located in 
the north Florida area which offers excellent climate 
year round, extensive outdoor recreational activities, 
lower than average cost of living, fine schools and 
nearby universities, local community college, no 
State income tax, and uncongested commuting to 
and from the medical center. Applicants should reply 
to: Chief of Staff, VA Medical Center, Lake City, FL 
32055-5898. Telephone: (904) 755-3016, Extension 
2011. Equal opportunity employer. 


GENERAL/VASCULAR SURGEON: Two-person 
surgical group seeks a U.S.A. trained BC/BE sur- 
geon with general and vascular surgery and endo- 
scopic experience. Growing northeast Wisconsin 
community, stable economy and three progressive 
hospitals having all medical services available. 
Excellent location for outdoor activities and easy 
access for travel. Excellent salary and benefits lead- 
ing to partnership. Send CV to: Box 930, c/o AOS. 





“Who would have ever 
thought this place would 

be so gorgeous? My dreams 
were in color...but life out 
here is more than that. 

Each window of our home 
frames a picture I only 
imagined before... 

I can step outside and stand 
in the middle of a dream..." 


The sweeping prairie of South Dakota could be 


the home of your general surgical practice. With 
five local family practitioners and a wealth of 


A. Clark, MD 
Gregory, South Dakota 


consulting specialists in the area, you will be 
guaranteed an ample patient base... and still have 
family time to enjoy the spacious beauty of South Dakota. 


This unique opportunity for a BC/BE general surgeon concerned with a 
pollution-free environment offers the benefits of a $120,000 net plus 
production incentive compensation package in our modern well equipped 
medical facilities. As an option, we'll manage your practice, while you 
manage your patients. The trade area provides medical services for 

a 10,000 population area and is affiliated with a 476 bed tertiary care center. 


What more could there be? An opportunity to practice medicine... 
with the outdoor pleasures of life in the Great Plains. 


OF 
Surgery 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 @ 813-443-7666 


Contact: Jolee Thurn 

Physician Placement Department 

Sioux Valley Hospital 

1100 S. Euclid Ħ Sioux Falls, SD 57117-5039 
1-800-468-3333 


e) 


Gregory Community Hospital 
& Rosebud Nursing Home 
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UROLOGIST — Boarc-cert*ied--eligible for anticipat- 
ed vacancy at 225-bed ger=ral medical, surgical and 
psychiatric VA Medical Center. Excellent opportunity 
to practice quality patient care with good fellow staff 
and without many hassles of private practice. Poplar 
Bluff is located in scenic southeast Missouri Ozark 
Foothills, has one of the lowest cost of living in U.S., 
good local schools and ample outdoor recreational 
opportunities. Comprehensive benefits such as low 
cost health/life insurance, retirenent plan with 401(k) 
option and thirty days vacation/fifteen days sick 
leave per year. Please contact: Chief of Staff, VA 
Medica! Center, Poplar Blu*, MD 63901. EOE. 


NORTH PLATTE, 
NEBRASKA 


General surgeon with one-five years experience 
to join two busy general surgeons in community 
of 23,000 with patient base of 100,000. Enjoy 
beautiful area lakes, hurting and fishing. Excel- 
lent environment for family. School system has 
achieved many honors. and college provides 
post-secondary and advanced degree pro- 
grams. Complete benefit package including 
income guarantee. 


Marcia Norrie 

GREAT PLAINS REGIONAL MEDICAL CENTER 
601 West Leota, North P'atte, NE 69103 

(800) 762-7C90 
















GENERAL SURGEON - Three Montana community 
hospitals and eight practicing ‘amily physicians are 
jointly recruiting a BC/BE general surgeon. This 
Opportunity is just a few miles from the Bob Marshall 
Wilderness Area anc Glacier National Park. Solo 
practice with start up cost assistance or salaried 
position available. Contact: Car Hanson, Administra- 
tor of Pondera Medical Center in Conrad, Montana, 
(406) 278-3211. 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitmert ad in an AMA spe- 
Cialty journal. We target yowr ad to the physician you 
want. To schedule your ad call our "Classified Adver- 
tising” office: National (800) 237-9851; Florida (813) 
443-7666. 


GENERAL/VASCULAR SURGEON: Excellent oppor- 
tunity for a BC/BE vascular surgeon with secondary 
interest in general surgery to oin extremely active 
practice as the second surgeon. Affiliation with two 
teaching hospitals in Long !siand. Excellent compen- 
sation and bonus package. progressing to partner- 
ship. Please send your curriculum vitae to: Renato 
B. Berroya, MD, Long Island Surgical Specialists, 
PC, 639 Port Washington Boulevard, Port Washing- 
ton, NY 11050. 


BC/BE GENERAL SURGEON: North Georgia. Busy 
practice available immediately at twenty-six physi- 
cian multi-specialty partnership. Benefits include 
vacation, CME time off with dudget, malpractice 
insurance, health insuranee, retirement plan. Well 
equipped hospital, 100,00C population referral area. 
1% hour drive northeast of atlarta. Bordered by Blue 
Ridge and Appalachian Mauntain chains and shores 
of Lake Hartwell. Send CV: Deborah Gibby, Recruit- 
ing Coordinator, 800 East Boyle Street, Toccoa, GA 
30577. 


NORTHEAST NEW YORK — Vascular Surgeon. 
Excellent independent practice opportunity for a 
BC/BE fellowship trained vascular surgeon. CVPH 
Medical Center, a 420-bed regional referral hospital, 
offers a generous incentive package. One in three 
coverage schedule. Plattsburgh offers an ideal fami- 
ly environment and is located at the edge of Lake 
Champlain, within one haur of the Olympic-Lake 
Placid region and Montreai. For more details or to 
view a video of the hospitakkand community, contact: 
Hannah Hanford, Box 165€ Plattsburgh, NY 12901. 
(518) 643-2998. 


BC/BE VASCULAR SURGEON to join busy, pure, 
vascular practice in Philadelphia, Pennsylvania. 
Must have fellowship. Serd CV to: Box #929, c/o 
AOS. 


PLEASE NOTE - Address replies to box number 
ads as follows: Box number _____—, c/o AOS, 
P.O. Box 1510, Clearwater FL 34617. 



























Partnership 
of Choice 


Southern California Permanente Medical Group 
(SCPMG) is recognized as the nation’s largest and most respected physician- 
managed, multi-speciafty medical group. Our continued growth has created new 
practice opportunities throughout Southern California for: 















e General Surgeons e Pediatric Surgeons 
e Orthopedic Surgeons e Neurosurgeons 
e Vascular Surgeons e Head & Neck Surgeons 


Experience the freedom to focus or your outstanding surgical skills rather than 
administrative duties. We provide you the freedom, technology and resources to 
focus on quality patient care, the collaborative support of knowledgeable 
colleagues and the opportunity to make a significant contribution to your field. 


Our compensation and benefits package includes: 
e Guaranteed practice and income » Paid educational and sabbatical leaves 
e Professional liability insurance e Cemprehensive retirement plans. 


Send your curriculum vitae to: Irwin P. Goldstein, M.D., Associate Medical 
Director, SCPMG, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. 
Or call: (800) 541-7946. 


NZ KAISER PERMANENTE 
)) Southern California Permanente 
) Medical Group 


Mi 
Partners Practicing Gaod Medicine 


The YA Medical Center in Huntington, West Virginia is 
looking tor BC/BE surgeons to join our Surgical Service. VA 
serves a patient population of 139,000. Surgical residency 
programthrough major teaching affiliate, Marshall University 
School af Medicine. 


A clinical addition which adds a new surgical suite and 
new SICU will open January, 1992. We need additional 


services in the areas of general, urologic, and orthopedic 
surgery. Subspecialty interest, e.g. colonorectal, oncologic, 
etc., would enhance the applicant's acceptability. 


Candidates must be U.S. citizens or permanent residents, 
and have current license in any of the 50 states. Full-time 
positions; part-time with joint faculty appointment nego- 
tiable. 


Refer your inquiries to: J.A. Pellecchia, M.D., F.A.C.P. 
Chief of Staff 
(304) 429-6755, Ext. 2517 

or send CV to: Physician Recruitment Office 
VA Medical Center 
1540 Spring Valley Drive 
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Saree se oe VASCULAR, COLON-RECTAL, pay eS oe 





rae 


AND GENERAL SURGEONS 


At the request of three surgical groups located In Peoria, Illinols, 
we are seeking General Surgeons, Colon-Rectal Surgeons, and 
Vascular Surgeons to join these rapidly expanding private prac- 
tices. This ls an opportunity to associate with a university affiliated 
teaching hospital. 


Methodist Is a 530-bed teaching hospital affiliated with the Univer- 
sity of Illinois College of Medicine at Peoria. All specialties are rep- 
resented on our Active Staff. Methodist possesses two MRIs, an 
Outpatient Diagnostic Unit, a new seven story Physicians’ Plaza, 
and a PET scanner which was Installed earlier this year and is now 
operational. 


Peoria, an All-American city with a population of over 120,000 and 
a referral base of 350,000, is located on the Illinois River in scenic 
Central Illinois. There are numerous sports, recreational, and cultu- 
ral activities available locally with the advantages of Chicago 
and St. Louis less than three hours away. 


Excellent compensation and benefit packages are being offered. 
lf interested, please submit your CV to: 


Harvey Lightbody 
Vice President of Physician Recruitment 
METHODIST MEDICAL CENTER 


OF ILLINOIS 
221 N.E. Glen Oak Avenue 
Peoria, Illinois 61636 


The Power Of Caring Works Wonders 
1-800-621-8543 
Equal Opportunity Employer 


Chief of Surge 


The VA Medical Center in Huntington, West Virginia is seeking a fulltime, 


Professional Opportunities 


FAIRFIELD COUNTY, CONNECTICUT — BE/BC 
general surgeon with/without vascular fellowship to 
associate with busy solo practitioner. Modern 350- 
bed progressive community hospital. Practice 
arrangement to be decided on mutually acceptable 
basis. Please send CV to: Box #928, c/o AOS. 


GENERAL SURGERY OPPORTUNITY in Prince- 
ton, Kentucky. One hour from Nashville, Tennessee, 
Evansville, Indiana, and Paducah, Kentucky. Com- 
munity of 10,000 is looking for solo general surgeon 
(coverage available). Located on Kentucky Lake and 
Lake Barkley. Fifty-bed hospital recently completed 
$2 million renovation adding three OR suites. Excel- 
lent income guarantee. Interviewing and relocation 
expenses paid. Send CV or call: Greg Pilgrim, Jack- 
son and Coker, Inc., 115 Perimeter Center Place, 
Suite 380 10930, Atlanta, GA 30346. Telephone: 
(800) 544-1987. 


GENERAL SURGEON with experience or fellowship 
in vascular surgery and/or thoracic surgery is need- 
ed to join busy practice of general and vascular 
surgery in small town of southwest Virginia. Salary 
commensurate with experience and full benefits of 
corporation leading to full partnership. Reply with 
curriculum vitae to: Surgical Clinic of Radford, Inc., 
P.O. Box 2897, Radford, VA 24143. 


GENERAL SURGEON - (Vascular subspecialty) 
BC/BE for solo practice in western Pennsylvania, 
one hour from Pittsburgh, "America's Most Liveable 
City". Outlying hospital of large health system. Excel- 
lent opportunity. Country living with big city accessi- 
bility. Salary guarantee, malpractice, benefits, rent, 
staff stipend. CV to: Healthcare Professional Man- 
agement, Inc., One Monroeville Center, Suite 1040, 
Monroeville, PA 15146. 


GENERAL SURGEON, VASCULAR and laparo- 
scopic desirable, to join well-established surgeon in 
San Francisco at Pacific Presbyterian. Send CV to: 
Leonard Shlain, 2100 Webster, #521, San Francis- 
co, CA 94115. 


The Kaiser Permanente Perspective 


The Ohio Permanente Medical Group is 
part of the largest and most experienced 


Board Certified Chief of Surgical Service. This VAMC is a major training center 
for the Marshall University School of Medicine. 


Ou Surgical Service provides 
general, vascular, thoracic, 
endoscopic, urologic, and orthope- 
dic surgery for a patient population 
of 139,000. A clinical addition which 
adds a new surgical suite and new 
SICU will open in January, 1992. New, 
enhanced VA compensation pack- 
age will be available in July, 1991. 


F or further information, contact: 


Candidates must be Board Cer- 
tified in Surgery. Clinical expertise 
and administrative skills are required. 
Candidates should be U.S. citizens or 
permanent residents, and have a 
current license in any state. 


Huntington is located in the 
Ohio Valley. If supports and offers a 
gateway to multiple recreational 
and cultural activities. 


J.A. Pellecchia, M.D., F.A.C.P., Chief of Staff 
(304) 429-6755, Ext. 2517 or 2275 


or send CV fo: 


Physician Recruitment Office 
VA Medical Center 
1540 Spring Valley Drive e Huntington, WV 25704 
The VA is an Equal Employment Opportunity Employer 





prepaid managed care providerin America. 
Here, board certified/eligible surgeons ben- 
efit from a growing 230-physician group 
and excel in some of today's most progres- 
sive settings. Currently, excellent oppor- 
tunities exist with us in: 


GENERAL SURGERY 


* a comprehensive benefits package 
including retirement plans, vision, 
dental, health, life, disability & malprac- 


tice insurance, shareholder status in 
2 years with virtually no buy-in 
* research & academic affiliations 
* a thriving metropolitan location 
¢ an ideal housing market 
e many cultural & recreational amenities... 


Please direct your curriculum vitae to: 
Ronald G. Potts, M.D., Medical Direc- 
tor, Ohio Permanente Medical Group, 
Inc., Dept. HRAS, 1300 East 9th Street, 
Suite 1100, Cleveland, Ohio 44114. Or 
call 800/837-OPMG or 216/623-8770. 


Good People. Good Medicine. 





n 
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Professional Opportunities 
GENERAL SURGEON - BC/BE recently trained to 
join established two person BCspractice in July 1992 
at progressive, 150-bed acute care hospital; New 


Hampshire seacoast. No vascular or thoracic. Send 
CV and references to: Box #926, c/o AOS. 





WANTED: GENERAL SURGEON (BC/BE) to join 
busy general surgeon in Finger lakes region of 
upstate New York. Send CV to: Box 927, c/o AOS. 


ATTENTION PHYSICIAN RECRUITERS. The "Clas- 
sified Advertising" sections now in all nine AMA Spe- 
cialty Journals target the physiciar you want. These 
highly visible sections put yourmessage in the hands 
of every specialist that qualifies for your professional 
opportunity, every month. Ta place the ad of your 
choice, any size, call toll free: 1800) 237-9851; Local 
(813) 443-7666. 


BC/BE GENERAL/VASCULAR SURGEON. Tho- 
racic experience or desire te train. Multi-specialty 
group. Start 1991 or 1992. Gontact: David Manke, 
MD, West Side Clinic, SC, Post Office Box 19070, 
Green Bay, WI 54307-9070. 


GENERAL AND VASCULAF SURGEON to join a 
busy, four surgeon practice on Long Island, New 
York. Must have at least one year of vascular fellow- 
ship. Excellent financial benefits and early partner- 
ship. Send CV to: South Shcre Surgical Specialists, 
786 Montauk Highway, West islip NY 11795. 


Locum Tenens 


LOCUM TENENS GENERAL SURGEONS - Let a 


carefully screened, credentialed insured colleague 
from the CompHealth locum tenens medical staff 
cover your practice the next time you have to be 
away, or while you recruit æ new associate. Comp- 
Health locum tenens — the phys:cian you need, just 
when you need one! Call today: (B00) 453-3030. 


Faculty Pesitions 


CHAIRMAN, Department of Surgery. The Hospital of 


Saint Raphael, a 492-bəd community hospital affiliat- 
ed with the Yale University School of Medicine, is 
inviting inquiries regarcing the position of Chairman, 
Department of Surgery. Candidates must have 
board-certification, clinical expertise, teaching, and 
academic experience to assume responsibility for 
surgery residency procram,.anc administrative skills 
necessary to organize and direct a cohesive depart- 
ment of surgery and plan fcr its future development. 
Yale faculty position commensurate with background 
and professional standing. Financial remuneration 
and fringe benefits competitive. Forward a curricu- 
lum vitae to: Dr. Jack Wescott, Chairman, Surgery 
Search Committee, Hospital of Saint Raphael, 1450 
Chapel Street, New Haven. CT 06511. The Hospital 
of Saint Raphael is an equa! opportunity employer. 


CHAIRPERSON, Department of Surgery — Harvard 
Medical School Affiliated Hospital located in Cam- 
bridge, Massachusetts is seeking nominations and 
applications for the positiem af chairperson of the 
Department of Surgery. Applicants must hold an MD 
degree, be board-certifiec in general surgery with 
established credentials in tae clinical and education- 
al areas, and must possess cemonstrated leader- 
ship capabilities in both clinical and academic 
aspects of surgery. Salary and academic rank com- 
mensurate with experienee. Interested applicants 
are invited to forward cureculum vitae and names/ 
addresses of three references to: Melvin Chalfen, 
MD, Chairman, Search Committee, Department of 
Surgery, The Cambridge Hospital, 1493 Cambridge 
Street, Cambridge, MA 02139. The Cambridge Hos- 
pital is an affirmative action/equal opportunity 
employer, M/F. 





PLEASE NOTE — Address replies to box number 
ads as follows: Box number ———— , c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 





CHAIRPERSON —— 
DEPARTMENT OF SURGERY 


Danbury Hospital, a 476-bed regional medical school affiliated hos- 
pital seeks a full-time chairman to head its Department of Surgery. The 
candidate must be certified by the American College of Surgery and 
will be responsible for direction of a multi-specialty surgical depart- 
ment that performs 10,000 surgical procedures annually. 


The successful applicant wil! head the department, expand its scope 
of services and assure that the highest quality of care is provided. 
Qualifications include demonstrated accomplishments in surgery, sur- 
gical education, quality assurance and in administration. Eligibility for 


appointment at the clinical professorial rank at an affiliated medical 
school is desirable. 


Danbury Hospital is located in a growing section of Fairfield County 
in western Connecticut, 60 miles from New York City and 35 miles 
from New Haven. An excellent salary and benefit program accompany 
this position. 


Please send inquiries together with curriculum vitae to: Chairman, 
Search Committee, Medical Affairs Office 


=Panbury Hospital 


Hospital Avenue, Danbury, Connecticut 06810 


an equal opportunity employer m/f 





We Target The Physician You Want! 


The Archives of Surgery’s classified recruitment advertising section is seen by pre- 


_ cisely the physician you need — general surgeons, plastic surgeons — plus other surgi- 


cal subspecialties. A total targeted physician audience of almost 40,000. 


Send your order today. Just complete the coupon below and attach your typewritten 
copy. The next available issue is October which closes August 25th. 


The classified rate is $1.70 per ward for one issue. For three issues or more, the rate 
is $1.55 per word per issue. Minimum classified ad is 20 words. 


ORDER FORM 
Please insert my ad times, beginning with the 
Place my ad under the heading 


Enclosed is my check for $ 
payment of my advertising schedule. 


to cover full 


Institution 

Contact Person 

Address 

City 

Area Code & Telephone Number 
Authorized Signature 


State 


Send all copy and payments to: 
ARCHIVES 


Surgery 


Classified Department, P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 Local (813) 443-7666 
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Millions Go 


Widely Untreated 





A Depression According to the National Institute of Mental Health, over 10 


Tel f million Americans will suffer from depression at least once in 
eieconierence airlive 
sponsored by 
; we Most patients are not seen by mental health professionals, but 
Association and | | 
‘ ` The American Medical Association and the National Institute 
the National Institute of Mental Health are sponsoring a three-part teleconference at 
of Mental Health no cost to you, offering the primary care physician important 
information on diagnosing and treating depression among 
patients. 


You are invited, and encouraged, to attend this important 
series. There will be numerous satellite link-ups at hospitals 
throughout the United States. Call now to register and to find 
out the location nearest you. 


Schedule: 

Program One: Epidemiology, Etiology, Diagnosis 
October 24, 1991 
2:00-3:30 pm (ET) 

Program Two: Treatment: Pharmacology and Psychotherapy 
November 21, 1991 
2:00-3:30 pm (ET) 

Program Three: Depression Among Special Populations 
December 11, 1991 
2:00-3:30 pm (ET) 

To register for this free The American Medical Association is accredited by the Accreditation Council for 


. Continuing Medical Education to sponsor continuing medical education for 
teleconference and to find out physicians. The American Medical Association designates this continuing medical 
the location nearest you, call education activity for 1.5 credit hours of Category 1 of the Physician’s Recogni- 


TOLL-FREE 1-800-262-3211. tion Award of the American Medical Association. 


This program has been reviewed and is acceptable for 1.5 prescribed hours by the 
American Academy of Family Physicians. 


The American College of Obstetricians and Gynecologists has assigned 2 
cognates (formal learning) to this program. 





Count on 





) 





due to indicated organisms 


For intravenous or Intramuscular Use 
(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE INSERT.) 


INDICATIONS AND USAGE SP PE 

Treatment: CEFOTAN is indicated tor the therapeutic treatment of the following infections when caused 

by susceptible strains of the designated organisms: a l ; 

Urin Infections caused by E coli, Flebsiella species (including K meumoniae), Proteus 

mirabilis, and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 

rettgeri, and Morganella morganii). l 

Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 

Staphylococcus aureus (penicillinase- and ‘Tonpenicillinase-producing strains), Haemophilus influenzae 
(including ampicillin-resistant strains), Kleasiella species (including K pneumoniae), E coli, Proteus 

mirabilis, and Serratia marcescens." g. "aN 

Skin and Skin Structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicillinase- 
producing strains), pma epidermidis, Streptococcus pyogenes, Streptococcus species 
excluding enterococci), E coli. Klebsēella pneumoniae, and Peptococcus* and Peptostreptococcus sp." 
Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicillinase- 
producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), group B 

streptococci, E coli, Proteus mirabilis: Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 

B ovatus, and B thetaiotaomicron). Fusobacterium species,” and gram-positive anaerobic cocci (including 

Peptococcus and Peptosireptococcus species). l 

intra-abdominal Infections caused by £ cc/i, Klebsiella species (including K pneumoniae), Strepto- 

coccus species (excluding enterococci), Bacteroides species (excluding B distasonis, B ovatus, and 

B thetaiotaomicron). and Clostridiumspecies.* 

Bone and Joint Infections caused ‘aprylococcus aureus.* 

*Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
Causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative crganism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against mamy Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient’s condition. 

Note: If CEFOTAN and an arcgnamnee are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages ot the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not seen noted when CEFOTAN was given alone, it is possible that 
Sees may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 

Pro : The preoperative administration of CEFOTAN may reduce the incidence of certain post- 
Operative infections in patients undergoing surgical procedures that are classified as clean contaminated 
or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, transurethral 
surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CE=OTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms ct infection, specimens for culture should be obtained for 
identification of the causative organism se that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
coe A contraindicated in patiemts wizh known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous y pny reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This praduct should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with zaution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 

Serious acute sitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 

S m antibiotics); therefere, it is important to consider its diagnosis in patients who develop 
in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, andiprotein supplementation as indicated. When the colitis is not re- 
lieved by drug discentinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment ompoor nutritional state, the elderly, and patients with cancer. 
Prothrombin time should be monitored and exogenous vitamin K administered as indicated. 
PRECAUTIONS 
General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in overgrowth 
of nonsusceptible organisms. Carefll observation of the patient is essential. If superinfection does occur 
during therapy, -o jingine measures shculd be taken. 

5 ara S 5 be used with caution in individuals with a history of gastrointestinal disease, 

articularly colitis. 
Information for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized by 
flushing, sweating, headache. and tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN administration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the acministration of CEFOTAN. 
Drug Interactions: Although to datenephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


aminoglycoside. 
Test Interactions: À false positive reaction for glucose in urine may occur with 
Benedict's or Fehiing’s solution. 


As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
Serum and urine creatinine levels by.Jaffe reaction and produce false increases in the levels of 
Creatinine reported. 

Carcinogenesis, gms, Impairment of Fertility: Although long-term studies in animals have not 
an oilen to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
ard laborato 


tests. 
Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 


CE FOTAN A 
Icefotetan disodium) 


In intra-abdominal and gynecologic infection 


500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
develapmentally anaiogous to late childhood and ge in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animais was affected. and the degree of degeneration was mild. sa A l 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics-and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 100 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans 's unknown. 

Usage in Pregnancy: Pregnancy Category B: Reproduction studies have been performed in rats and 
monkeys at doses up to 20 times the human dose and have revealed no evidence of “i pea fertility or 
harm to the fetus dus to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used om pregnancy only if clearly needed. l 
Usage in Nursing Mathers: Cefotetan is excreted in human milk in very low concentrations. Caution 
should be exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS l 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients: the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). À 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). i) 
Hypersensitivity reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

1 in 700). 

pat effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

During postmarketing experience with CEFOTAN, agranulocytosis, anaphylactic reactions, fever, 
hemalytic anemia, leukopenia, prolonged prothrombin time with or without bleeding, pseudomembranous 
colitis, and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

Treatment: The usua! adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 nours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 nours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily desage should not exceed 6 grams. 


Prophylaxis: To prevent postoperative infection in clean contaminated or potentially contaminated 

ay in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

Impaired Renal Function: When renal function is impaired, a reduced dosage schedule must be 
employed. The follawing dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 


“Dose determined dy the type and severity of infection, and susceptibility of zhe causative 0. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual commended dose for patients with a creatinine Clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: = 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyeable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


Manufactured for 


N STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. S 05/91 
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Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin’? 








less frequent dosing 
than cefoxitin’ 





several times the half-life 
of cefoxitin’ 


single-dose prophylaxis/ 
twice-daily treatment 





Count on 


CEFOTAN... 


icefotetan disodium) 


in intra-abdominal and gynecologic ae 
due to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R; et al: The conversion of cefoxitin usage 
to cefotetan: An interdisciplinary approach. Am J Surg 1988; 155(5A):101-102. 2. Sochalski A, 
Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. /nfect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 
Am J Surg 1988;155(5A):67-70. 
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Once for prophylaxis. 
Once daily for cure. 








The prophylactic dose of ROCEPHIN is also the daily therapeutic dose. 
ROCEPHIN, 1 gm given once prior to surgery” in adults, provides 
effective prophylaxis against infection and is on board throughout the 
perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 to 2 gm given once a day in adults, is the usual 
therapeutic dosage for the following common postsurgical infections: 
lower respiratory tract or skin/skin structure infections due to Staphylo- 
coccus aureus, Klebsiella pneumoniae and Proteus mirabilis; urinary 
tract infections due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficacy, economy, ease and generally well tolerated. ROCEPHIN: 1 gm 
once for prophylaxis, once daily for cure. 








Once-a-day 


Rocephin\. 


ceftriaxone sodium/ Roche 








Usual adult daily dosage: 1 to 2 gm once a day 


As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1991 by Hoffmann-La Roche Inc. * In contaminated or potentially contaminated Please see adjacent page for summary of product 
All rights reserved. procedures (e.g., vaginal or abdominal information, which includes a list of adverse reactions. 
hysterectomy), and for patients in whom 
infection at the operative site would present 
serious risk (e.g., coronary artery bypass 
graft [CABG] surgery). 


ROCEPHIN® (ceftriaxone sodium/Rache) 
Before prescribing, please consult complete product information, a summary of which follows: 


INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. cali, E. aerogenes. Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INRECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS (compiicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 


UNCOMPLICATED GONORRHEA (ce2rvical/urethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains, and pharyngeal gon- 
orrhea caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 


BACTERIAL SEPTICEMIA causec by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONSscaused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci). E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Precperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operativesite presents serious risk (e.g., 
during coronary artery bypass surgery). 


Although ceftriaxone has been shown to have been as effective 
as cefazolin in the prevention of imfection following coronary artery 
bypass surgery, no placebo-comtrolied trials have been conduct- 
ed to evaluate any cephalospomn antibiotic in the prevention of 
infection following coronary artery bypass surgery. When admin- 
istered before indicated surgicasprocedures, a single 1 gm dose 
provides protection from most int2ctions due to susceptible orga- 
nisms for duration of procedure 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isola- 
tion of the causative organism ard for determination of its suscep- 
tibility to the drug. Therapy may be instituted prior to obtaining 
results of susceptibility testing. 


CONTRAINDICATIONS: Rocephin is conzraindicated in patients with 
known allergy to the cephalosperin cass of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BEMADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD EE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. SERIOUS ACUTE FYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly ail antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents elters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 


After establishing diagnosis of sseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous calitis usually respond to drug discontinuation alone. In moderate 
to severe cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibactesial drug effective against C. difficile. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommendediiosages, the nephrotoxic potential of Rocephin is similar to that 
of cther cephalosporins. 


Ceftriaxone is excreted via bothbiliary and renal excretion (see Clinical Pharmacology). There- 
fore, patients with renal failure normally require no adjustment in dosage when usual doses of 
Rocephin are administered, but concentrations of drug in the serum should be monitored period- 
ically. if evidence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be recessary in patients with hepatic dysfunction; however, in 
patients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not 
exceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin timesthave occurred rarely in patients treated with Rocepnhin. Patients 
with impaired vitamin K synthesis or iow vitamin K stores (€.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekly) may be necessary if the prothrombin time is prolonged before or 
during therapy. 


Prolonged use of Rocephin mayvesult in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essentia If superinfection occurs during therapy, appropriate measures 
should be taken. 


ceftriaxone s 


_ Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 


ease, especially colitis. 


Rare cases reported of sonographic abnormalities seen inthe gallbladder; patients may also have 
symptoms of gallbladder disease. These abnormalities, variously described as sludge, pre- 
cipitations, echoes with shadows, may be misinterpreted as concretions. Chemical nature of son- 
ographically-detected material sot determined. Condition appears to be transient and reversible 
upon discontinuation of Rocephin and conservative management. Therefore, discontinue 
Rocephin if signs and symptoms suggestive of gallbladder disease and/or the sonographic find- 
ings described above develop. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatrrant and the class of the compound, carcinogenicity studies with 
ceftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis: Genetic toxicology tes:s included’the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment of Fertility: Ceftriaxcne produced no impairment of fertility when given intravenously to 


rats at daily doses up to 586 mg’kg/cay, approximately 20 times the recommended clinical dose 
of 2 gm/day. 


PREGNANCY: Teratogenic Effeets: P-egnancy Category B. Reproductive studies have been per- 


formed in mice and rats at doses up to 20 times the usual human dose and have ne evidence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose approximately three times the human dose. 

There are, however, no adequats andwell-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly nesdec. 


Once-a-day 





ROCEPHIN® (ceftriaxone sodium/Roche) 


Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction) and Segment III 
(perinatal and postnatal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnatal 
growth, functional behavior and reproductive ability of the offspring, at doses cf 586 mg/kg/day or less. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing womar. 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have 
been established for the dosages described in the Dosage and Administration section. /n vitro 
studies have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from ser- 
um albumin. Rocephin should not be administered to hyperbilirubinemic neonates, especially 
prematures. 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 


LOCAL REACTIONS — pain, induration or tenderness at the site of injection (1%). Less frequently 
repored (less than 1%) was phlebitis after |.V. administration. 


HYPERSENSITIVITY — rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 


HEMATOLOGIC —eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less fre- 
quenily reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and 
prolongation of the prothrombin time. 


GASTROINTESTINAL — diarrhea (2.7%). Less frequently reported (less than 1%) were nausea 
or vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or 
after antibiotic treatment (see WARNINGS). 


HEPATIC —elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1 %) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL — elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY —moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS —diaphoresis and flushing were reported oc- 
casionally (less than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, adecrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 


For the treatment of serious miscellaneous infections in children, 
other than meningitis, the recommended total daily dose is 50 to 
75 mg/kg (not to exceed 2 grams), given in divided doses every 
12 hours. 


Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections long- 
er therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceec 4 grams), given in divided doses every 12 hours, should be administered with or without a 
loading dose of 75 ng/kg. 

For the treatment ofuncomplicated gonococcal infections, a singie intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever. blood levels should be monitored in patients with severe renal impairment (e.g., dialysis 
patients) and in patients with both renal and hepatic dysfunctions. 

HOW'SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone: piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone. 

Also-supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL singe dose plastic containers,* as follows: 

7 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added. 

2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 

NOTE: Rocephin in the frozen state should not be stored above -20°C. 

“Registered trademark of Abbott Laboratories, Inc. 


"Manufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 
ratories, Inc., Deerfield, Illinois 60015. 
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Introducing... 
The first and 
only reusable 
endoscopic 
stapler 


Announcing the 
ENDOPATH’ ES Endoscopic Stapler 
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ETHICON introduces a new way to 
make ends meet in endoscopic surgery 
Now, ETHICON makes endoscopic stapling a reality 
with the reusable ENDOPATH ES Endoscopic Stapler. 
This new instrument places single staples, 
facilitating approximation of tissue and attachment 
of prosthetic mesh in a wide range of 

endoscopic procedures. 


For information on Professional Education Courses 
on Endoscopy, call 1-800-388-1000, 
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Millions Go 
Widely Untreated 


A Depression Teleconference sponsored by 
the American Medical Association and 
the National Institute of Mental Health 





According to the National Institute of Mental Health, over 10 million 
Americans will suffer fom depression at least once in their lives. 


Most patients are not seen by mental health professionals, but by primary 


care physicians. 


The American Medical Association and the National Institute of Mental 
Health are sponsoring a three-part teleconference at no cost to you, offering 
the primary care physician important information on diagnosing and 
treating depression among patients. 


You are invited, and encouraged, to attend this important series. There will 
be numerous satellite link-ups at hospitals throughout the United States. 
Call now to register and to find out the location nearest you. 


Schedule: 
Program One: 


Program Two: 


Program Three: 


To register for this 
free teleconference 
and to find out the 
location nearest you, 
call TOLL-FREE 1- 
800-262-3211. 





Epidemiology, Etiology, Diagnosis 
October 24, 199] 
2:00-3:30 pm (ET) 


Treatment: Pharmacology and Psychotherapy 
November 21, 1991 
2:00-3:30 pm (ET) 


Depression Among Special Populations 
December 11, 1991 
2:00-3:30 pm (ET) 
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education for physicians. The American Medical Association designates this 
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The American College of Obstetricians and Gynecologists has assigned 2 
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® 
{hydrocodone bitartrate 7.5mg [Warning: May be habit forming} 
and acetaminophen 750 mg) 


INDICATIONS AND USAGE: For the relief of moderate to moderately 
severe pain. 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen or 
hydrocodone. 
WARNINGS: 
Allergic-Type Reactions: VICODIN/VICODIN ES Tablets contain sodium 
metabisulfite, a sulfite that may cause allergic-type reactions including 
anaphylactic symptoms and life-threatening or less severe asthmatic 
epis in certain susceptible " 
Respiratory Depression: At high doses or in sensitive patients, 
hydrocodone may produce dose-related respiratory depression. — 
Head Injury and Increased Intracranial Pressure: The respiratory 
ressant effects of narcotics and their capacity to elevate cerebrospi- 
nal fluid pressure may be markedly exaggerated in the presence of head 
injury, other intracranial lesions or a preexisting increase in intracranial 
pressure. Furthermore, narcotics produce adverse reactions which may 
obscure the clinical course of patients with head injuries. 
Acute Abdominal Conditions: The administration of narcotics may 
obscure the diagnosis or clinical course of patients with acute abdominal 
conditions. 
PRECAUTIONS: 
Special Risk Patients: VICODIN/VICODIN ES Tablets should be used 
with caution in elderly or debilitated patients and those with severe 
impairment of hepatic or renal function, hypothyroidism, Addison’s dis- 
ease, prostatic hypertrophy or urethral stricture. 
Cough Reflex: Hydrocodone suppresses the cough reflex; as with all 
narcotics, caution should be exercised when VICODIN/VICODIN ES Tab- 
lets are used postoperatively and in patients with pulmonary disease. 
Drug Interactions: Patients receiving other narcotic anal ics, anti y 
chotics, antianxiety agents, or other CNS depressants (inc uding alcohol) 
concomitantly with VICODIN/VICODIN ES Tablets may exhibit an additive 
CNS depression. The use of MAO inhibitors or tricyclic antidepressants 
with hydrocodone preparations may increase the effect of either the 
antidepressant or hydrocodone. The concurrent use of anticholinergics 
with hydrocodone may produce paralytic ileus. 
Usage in Pregnancy: 
Teratogenic Effects: ir doa! Category C. Hydrocodone has been 
shown to be teratogenic in hamsters when given in doses 700 times the 
human dose. There are no adequate well-controlled studies in 
pregnant women. VICODIN/ VICODIN ES Tablets should be used during 
pregnancy only if the potential benefit justifies the potential risk to the 
etus. 
Nonteratogenic effects: Babies born to mothers who have been tak- 
ing opioids regularly prior to delivery wil! be physically dependent. The 
withdrawal signs indude irritability and excessive crying, tremors, hyper- 
active reflexes, increased respiratory rate, increased Stools, sneezing, 
yawning, vomiting, and fever. 
Labor and Delivery: Administration of VICODIN/VICODIN ES Tablets to 
the mother shortly before delivery may result in some degree of respira- 
tory depression in the newborn, especially if higher doses are used. 
Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions in nursing infants 
from VICODIN/VICODIN ES Tablets, a decision should be made whether 
to discontinue nursing or to discontinue the drug, taking into account the 
importance of the drug to the mother. 
Pediatric Use: Safety and effectiveness in children have not been 
established. 
ADVERSE REACTIONS: 
The most frequently observed adverse reactions include light-headedness, 
dizziness, sedation, nausea and vomiting. These effects seem to be more 
prominent in ambulatory than in nonambulatory patients and some of 
these adverse reactions may be alleviated if the patient lies down. Other 
adverse reactions include: 
Central Nervous i ase Drowsiness, mental clouding, lethargy, impair- 
ment of mental and physical performance, anxiety, fear, dysphoria, psy- 
chic dependence and mood c i 
Gastrointestinal System: The antiemetic phenothiazines are useful in 
suppressing the nausea and vomiting which may occur (see above); 
however, some phenothiazine derivatives seem to be ee and 
to increase the amount of narcotic required to produce pain relief, while 
other phenothiazines reduce the amount of narcotic required to produce 
a given level of analgesia. Prolonged administration of VICODIN/VICODIN 
ES Tablets may produce constipation. 
Genitourinary System: Ureteral spasm, spasm of vesical sphincters 
and urinary retention have rev baka’ ere 
Respirato ression: H odone bitartrate may produce 
related cond ha depression by acting directly on the brain stem respi- 
ratory center. Hydrocodone also affects the center that controls respiratory 
rhythm, and may produce irregular and periodic breathing. If significant 
respiratory depression occurs, it may antagonized by the use of 
naloxone hydrochloride. Apply other supportive measures when indicated. 
DRUG ABUSE AND DEPENDENCE: 
VICODIN/VICODIN ES Tablets are subject to the Federal Controlled Sub- 
stance Act (Schedule Ill). Psychic dependence, physical dependence, and 
tolerance may so upon repeated administration of narcotics; there- 
fore, VICODIN/ VICODIN ES Tablets should be prescribed and adminis- 
tered with caution. 
piant i aa : 
Acetaminophen Signs and Symptoms: In acute acetaminophen over- 
dosage, dose-dependent, potentially fatal ivepatic necrosis is the most 
serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and 
thrombocytopenia may also occur. Early symptoms following a poten- 
tially hepatotoxic overdose may include: nausea, vomiting, diaphoresis 
and general malaise. Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48 to 72 hours post-ingestion. 
Hydrocodone Signs and Symptoms: Serious overdose with 
hydrocodone is characterized by respiratory pean (a decrease in 
respiratory rate and/or tidal volume, Cheyne-Stokes respiration, (cyano- 
sis), extreme somnolence progressing to stupor or coma, skeletal muscle 
flaccidity, cold and clammy skin, and sometimes bradycardia and hypo- 
tension. In severe overdosage, apnea, circulatory collapse, cardiac arrest 
and death may occur. 
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In 12 years of clinical experience, nausea, sedation and 
constipation have rarely been reported. ' 
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(hydrocodone bitartrate 7.5mg (Warning: May be habit forming) 
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7.5% Sodium Chloride/Dextran for Resuscitation of Trauma 


Patients Undergoing Helicopter Transport 
Mary J. Vassar, MS; Colleen A. Perry; Wayne L. Gannaway, PharmD; 
James W. Holcroft, MD, Sacramento, Calif 


© A prospective double-blinded trial with prehospital resuscitation of trauma patients with 
7.5% NaCl/dextran 70% is compared with conventional isotonic fluid resuscitation. 


Invited Commentary: George F. Sheldon, MD, Chapel Hill, NC 
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Trauma During Pregnancy: A Review of 79 Cases 1073 
Thomas J. Esposito, MD, MPH; David R. Gens, MD; 
Lynn Gerber Smith, RN, MS; Ronald Scorpio, MD; 
Timothy Buchman, MD, Baltimore, Md 
è Pregnancy does not increase maternal mortality from trauma; assumption of fetal and 
maternal stability based on blood pressure, pulse, and Po2 are unreliable. 











Trauma in Pregnancy: Predicting Pregnancy Outcome 1079 
David P. Kissinger, MD; Grace S. Rozycki, MD, Washington, DC; 
John A. Morris, Jr, MD, Nashville, Tenn; 
M. Margaret Knudson, MD, San Francisco, Calif; 
Wayne S. Copes, PhD, Washington, DC; 
Sue M. Bass, ScM; H. Kendle Yates, Nashville, Tenn; 
Howard R. Champion, FRCS(Edin), FACS, Washington, DC 
@ The adequacy of noninvasive maternal monitoring in assessing fetal well-being is 
challenged: a discussion of diagnostic modalities for assessment for the injured gravida 
is set forth. 
















Intravascular Plastic Catheters: How They Potentiate Tumor 
Necrosis Factor Release and Exacerbate Complications 
Associated With Sepsis 

Louis F. Martin, MD; Thomas C. Vary, PhD; Paul K. Davis, MD; 

Bryce L. Munger, MD; James C. Lynch, MS; 

Sheila Spangler, MT, ASCP, Hershey, Pa; 

Daniel G. Remick, MD, Ann Arbor, Mich 


© Intravascular plastic catheters potentiate the destructive cascade of host-produced 
events in response to bacteremia. 
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1. Data available on request from Roerig. 2. Hemsell DL, Wendel GD, Hemsell PG: Combating beta-lactamase 
enzyme—principal defense mechanism of many pelvic infection pathogens. Presented asa scientific exhibit at 
the Thirty-Sixth Annual Clinical Meeting of the American College of Obstetricians and Gynecologists, Boston, 
May 2-4, 1988. 3. Senft H-H, Stigimayer R, Eibach HW, et al: Sulbactam/ampicillin versus cefoxitin in the 
treatment of obstetric and gynaecological infections. Drugs 1986;31(supp! 2):18-21. 4. Newton ER, Gibbs RS: 
Treatment of postpartum endometritis: A comparison of ampicillin/sulbactam vs. gentamicin plus clindamy- 
cin. Presented as a scientific exhibit at the Thirty-Sixth Annual Clinical Meeting of the American College of Ob- 
stetricians and Gynecologists, Boston, May 2-4, 1988. 5. Gunning J: A comparison of parenteral sulbactam/ 
ampicillin versus clindamycin/gentamicin in the treatment of pelvic inflammatory disease. Drugs 1986; 
31(supp! 2):14-17. 6. Ampicillin/sulbactam (Unasyn). Med Lett Drugs Ther 1987;29(August 28):79-81 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible strains of the designated 
microorganisms in the conditions listed below. 

Skin and Skin Structure Infections caused by beta-lactamase producing strains of Staphylococcus 
aureus, Escherichia coli, * Klebsiella spp.* (including K. pneumoniae*), Proteus mirabilis, * Bacteroides 
fragilis, * Enterobacter spp.,* and Acinetobacter calcoaceticus.* 

Intra-Abdominal Infections caused by beta-lactamase producing strains of Escherichia coli, Klebsiella 
spp. (including K. pneumoniae*), Bacteroides spp. (including B. fragilis), and Enterobacter spp.* 

6 Infections caused by beta-lactamase producing strains of Escherichia coli,* and 
Bacteroides spp.* (including B. fragilis*). 

*Efficacy for this organism in this organ system was studied in fewer than 10 infections. 

While UNASYN is indicated only for the conditions listed above, infections caused by ampicillin- 
susceptible organisms are also amenable to treatment with UNASYN due to its ampicillin content. 
Therefore, mixed infections caused by ampicillin-susceptible organisms and beta-lactamase producing 
organisms susceptible to UNASYN should not require the addition of another antibiotic. 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of hypersensitivity reactions to any of 
the penicillins. 


WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLACTIC) REACTIONS HAVE BEEN RE- 
PORTED IN PATIENTS ON PENICILLIN THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPERSENSITIVITY REACTIONS 
TO MULTIPLE ALLERGENS. THERE HAVE BEEN REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH 
CEPHALOSPORINS. BEFORE THERAPY WITH A PENICILLIN, CAREFUL INQUIRY SHOULD BE MADE CON- 
CERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, AND OTHER 
ALLERGENS. IF AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED AND THE 
APPROPRIATE THERAPY INSTITUTED. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY TREATMENT WITH EPI- 
NEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING INTUBATION, 
SHOULD ALSO BE ADMINISTERED AS INDICATED. 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive ampicillin develop a skin rash. 
Thus, ampicillin class antibictics should not be administered to patients with mononucleosis. In patients 
treated with UNASYN the possibility of superinfections with mycotic or bacterial pathogens should be 
kept in mind during therapy. If superinfections occur (usually involving Pseudomonas or Candida), the 
drug should be discontinued and/or appropriate therapy instituted. 

Drug Interactions: Probenecid decreases the renal tubular secretion of ampicillin and sulbactam. 
Concurrent use of probenecid with UNASYN may result in increased and prolonged blood levels of 
ampicillin and sulbactam. The concurrent administration of allopurinol and ampicillin increases 
substantially the incidence of rashes in patients receiving both drugs as compared to patients receiving 
ampicillin alone. It is not known whether this potentiation of ampicillin rashes is due to allopurinol or the 
hyperuricemia present in these patients. There are no data with UNASYN and allopurinol administered 
concurrently. UNASYN and aminoglycosides should not be reconstituted together due to the in vitro 
inactivation of aminoglycosides by the ampicillin component of UNASYN. 

Drug/Laboratory Test Interactions: Administration of UNASYN will result in high urine concentration of 
ampicillin, High urine concentrations of ampicillin may result in false positive reactions when testing for 
the presence of glucose in urine using Clinitest™. Benedict's Solution or Fehling’s Solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase reactions (such as Clinistix™ or 
Testape™ ) be used. Following administration of ampicillin to pregnant women, a transient decrease in 
plasma concentration of total conjugated estriol, estriolglucuronide, conjugated estrone and estradiol 
has been noted. This effect may also occur with UNASYN. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been 
performed to evaluate carcinogenic or mutagenic potential. 


Pregnancy 

B: Reproduction studies have been performed in mice, rats, and rabbits at doses up 
to ten (10) times the human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to UNASYN. There are, however, no adequate and well controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. (See—Drug/Laboratory Test Interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous administration of ampicillin 
decreased the uterine tone, frequency of contractions, height of contractions, and duration of contrac- 
tions. However, it is not known whether the use of UNASYN in humans during labor or delivery has 
immediate or delayed adverse effects on the fetus, prolongs the duration of labor, or increases the 
likelihood that forceps delivery or other obstetrical intervention or resuscitation of the newborn will be 
necessary. 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are excreted in the milk; therefore, 
caution should be exercised when UNASYN is administered to a nursing woman. 
Pediatric Use: The efficacy and safety of UNASYN have not been established in infants and children 
under the age of 12. 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have been reported. 
Local Adverse Reactions 

Pain at IM injection site—16% Pain at IV injection site—3% 
Thrombophlebitis—3% 

Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the patients and rash in less than 
2% of the patients. 
Additional systemic reactions reported in less than 1% of the patients were: itching, nausea, vomiting, 
candidiasis, fatigue, malaise, headache, chest pain, flatulence, abdominal distension, glossitis, urine 
retention, dysuria, edema, facial swelling, erythema, chills, tightness in throat, substernal pain, 
epistaxis and mucosal bleeding. 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were reported during clinical trials 


were: 

Hepatic: Increased AST (SGOT), ALT (SGPT), alkaline phosphatase, and LDH. 

Hematologic: Decreased hemoglobin, hematocrit, RBC, WBC, neutrophils, lymphocytes, platelets and 

increased lymphocytes, monocytes, basophils, eosinophils, and platelets. 

Blood Chemistry: Decreased serum albumin and total proteins. 

Renal: Increased BUN and creatinine. 

Urinalysis: Presence of RBC’s and hyaline casts in urine. 
The wam adverse reactions have been reported with ampicillin-class antibiotics and can also occur 
with UNASYN 


colitis. 


. : Gastritis, stomatitis, black “hairy” tongue, enterocolitis and pseudomembranous 


Reactions: Urticaria, erythema multiforme, and an occasional case of exfoliative 
dermatitis have been reported. These reactions may be controlled with antihistamines and, if necessary, 
systemic corticosteroids. Whenever such reactions occur, the drug should be discontinued, unless the 
opinion of the physician dictates otherwise. Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions can occur with a penicillin (see WARNINGS). 

Hematologic: In addition to the adverse laboratory changes listed above for UNASYN, agranulocytosis 
has been reported during therapy with penicillins. All of these reactions are usually reversible on 
discontinuation of therapy and are believed to be hypersensitivity phenomena. 
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Sulindac Inhibits the Rate of Growth and Appearance 1094 


of Colon Tumors in the Rat 
Stewart A. Skinner, MB, BS; Angela G. Penney, BSc; 
Paul E. O’Brien, MD, FRACS, Victoria, Australia 


@ Sulindac inhibits the rate of growth anc development in the rat colon tumor model. 
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Recurrent Inguinal Hernia Treated by Classical Hernioplasty 1097 
Jan N. M. ljzermans, MD, PhD; Hans de Wilt; 

Wim C. J. Hop, MSc; Kans Jeekel, Rotterdam, the Netherlands 


@ The technique of classic hernioplasty may be unsuitable for the repair of recurrent 
inguinal hernias. 


Chronic Mesenteric Vascular Syndrome: Results of 1101 
Reconstructive Surgery 
Robert H. Geelkerken, MD; J. Hajo van Bockel, MD; 
Wilfred K. de Roos, MD; Jo Hermans, PhD; 
Johan L. Terpstra, MD, the Hague, the Netherlands 
® Reconstructive surgery for chronic mesenteric vascular syndrome promptly relieves 
symptoms and has excellent patency. 


Invited Commentary: John M. Porter, MD, Portland, Ore 


Role of Oxygen-Derived Free Radical Scavengers in the 1109 
Treatment of Recurrent Pain Produced by Chronic 

Pancreatitis: A New Approach 

Aws S. Salim, PhD(Surg), FRCSEd, FRCSGlasg, FICS, FCICD, Baghdad, Iraq 


© Oxygen-derived free radicals are implicated in the mechanism of abdominal pain caused 
by alcohol-induced chronic pancreatitis, and removing them incurs a beneficial 
therapeutic effect. 


A Prospective, Randomized Comparison of Computed 1115 
Tomography With Conventional Diagnostic Methods in the 

Evaluation of Penetrating Injuries to the Back and Flank 

David W. Easter, MD, San Diego, Calif; 

Steven R. Shackford, MD, Burlington, Vt; 

Robert F. Mattrey, MD, San Diego, Calif 

e CT can be useful in the assessment of penetrating injuries to the back and flank. 


An Evaluation of Surgery Departments in Community-Based 1122 
Medical Schools 
J. Roland Folse, MD; Debra A. DaRosa, PhD; Mary Wood, Springfield, III 
® Most community-based schools have succeeded in their mission, partially at the expense 
of controls usually found in traditional schools. 


Invited Commentary: Richard E. Dean, MD, East Lansing, Mich 


Cigarette Smoking Decreases Tissue Oxygen 1131 
J. Arthur Jensen, MD; William H. Goodson, MD; 
Harriet Williams Hopf, MD; Thomas K. Hunt, MD, San Francisco, Calif 
@ Peripheral vasoconstriction, induced by the adrenergic effects of nicotine, may 
contribute to a decreased Psqo2. 


Invited Commentary: Dwight E. Harken. MD, Boston, Mass 


Ot crate Ba anki LN tg haat 
Stereotaxic Localization for Fine-Needle Aspiration Breast 1137 
Biopsy: Initial Experience With 300 Patients 

Julie S. Mitnick, MD; Madeline F. Vazquez, MD; Daniel F. Roses, MD; 

Matthew N. Harris, MD; Rosamond Gianutsos, PhD; 

Jerry Waisman, MD, New York, NY 


è Stereotactic aspiration for the initial evaluation of mammographically detected 
nonpalpable lesions is efficacious. 


Continued on page 1060. 
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“ NOBODY KNEW HIS 
NAME WHEN HE GOT 
~ STARTED EITHER. 





In 1852, a 30-year old chemist posed for his line through Whitby’s 










portrait in the university town of Strasbourg, Pharmaceutical Division. 
France. Despite his genius for experimenta- And thanks to the trust 
Es 
tion, his reputation was limited to a few Russ earned from physicians over the last decade, 
fellow scientists. Yet within decades, his name became Lortab® 7.5/500 is now the leading high-strength 
a household word in countries around the world. hydrocodone/acetaminophen product in the 
Like the young Louis Pasteur, at Whitby, * nation. What’s more, Whitby’s Consumer 
Inc., we’re just getting started. Of course, hav- > LORTAR Division sells Corticaine® anti-itch cream and 
v maa 
ing a Fortune 500 parent company such as Ethyl t SE ~~ the Vicon® group of vitamin supplements. 
ES f 
Corporation gives us a definite advantage over t nie And at our other subsidiary, Whitby 
other young pharmaceutical companies. That’s because Research, Inc., you'll find modern-day Pasteurs. 
Ethyl is a leading developer and manufacturer of Men and women working on new drug molecules 
specialty chemicals, including ibuprofen. that will advance medicine into the 2st century. 
You may even know some Whitby products. So while it’s true there may be only a few 
We recently acquired Russ Pharmaceuticals, Inc. and reasons to remember the Whitby name now, we 
a, 


-Changed its name te Whitby Pharmaceuti- e intend to give you many more in the 
cals, Inc., and we now market the Lortab® Æ Whitby. years to come. © 1991 Whitby, Inc. 
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ARCHIVES 


Race and Liver Transplantation 
Thomas A. Gonwa, MD; Christine A. Morris, RN; 
Martin L. Mai, MD; Bo S. Husberg, MD, PhD; 


Robert M. Goldstein, MD; Goran B. Klintmalm, MD, PhD, Dallas, Tex 
è Blacks have an outcome equal to whites following liver transplantation but are 


underrepresented compared with the general population. 


CLINICAL NOTES 


Gastric Volvulus in the Pediatric Population 
Daniel L. Miller, MD; Michael D. Pasquale, MD, Washington, DC; 
Russell P. Seneca, MD; Earl Hodin, MD, Falls Church, Va 


Cancer of Bile Duct With Situs Inversus 
Brian C. Organ, MD; Lee J. Skandalakis, MD; 
Stephen W. Gray, PhD; John E. Skandalakis, MD, PhD, Atlanta, Ga 


Subcutaneous Emphysema and Hypercarbia Following 


Laparoscopic Cholecystectomy 
Raleigh B. Kent III, MD, Birmingham, Ala 


Efferent Limb Obstruction After Pancreaticojejunostomy: 


A Late Cause of Pancreatitis Following Whipple Resection 
John M. Howard, MD, Toledo, Ohio 


CORRECTION 


Hepatic Extraction of Indocyanine Green Is Depressed 
Early in Sepsis Despite Increased Hepatic Blood 


Flow and Cardiac Output 
Ping Wang, MD; Zheng F. Ba; 
Irshad H. Chaudry, PhD, East Lansing, Mich 
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“Now | 
choose 
AZACTAM 
instead 


because...” 


AZACTAM provides outstanding aero- 
bic gram-negative coverage in vitro, 
including Pseudomonas aeruginosa.* 


No AZACTAM-induced nephrotoxicity 
or ototoxicity reported in clinical trials 
involving 4,570 patients worldwide.’ 


No need for costly routine therapeutic 
drug monitoring. 


No NMTT side chain, which may be 
associated with hypoprothrombin- 
emia and bleeding complications.’ 


Following IV administration, the most 
commonly seen adverse reactions 
occurred in less than 2% of patients, 
including local reactions, diarrhea, 
nausea, vomiting, and rash. 


aztreonam 


A logical alternative 
to aminoglycosides:* 


*Although a useful guide, in vitro data do not necessarily 
correlate with therapeutic outcome. 


tin these studies, transient elevations of serum creatinine 
were rarely observed. 


Please see brief summary of prescribing information on 
adjacent page. ini 





A logical alternative to aminoglycosides 


AZACTAM (aztreonam) instead. 


AZACTAM® FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION-AZACTAM (Aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacterici- 
dal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to yellowish- 
white lyophilized cake, containing approximately 780 mg arginine per gram of aztre- 
onam for intramuscular or intravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE-Before initiating treatment with AZACTAM, appropriate 
specimens should be obtained for isolation of the causative organism(s) and for de- 
termination of susceptibility to aztreonam. Treatment with AZACTAM may be started 
empirically before results of the susceptibility testing are available; subsequently, ap- 
propriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections (com- 
plicated and uncomplicated), including pyelonephritis and cystitis (initial and recurrent) 
caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Enterobacter cloacae, Klebsiella oxytoca * Citrobacter species* and Serratia 
marcescens*. Lower Respiratory Tract Infections, including pneumonia and bronchitis 
caused by Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Haemophilus influenzae, Proteus mirabilis, Enterobacter species and Serratia 
marcescens*. Septicemia caused by Escherichia coli, Klebsiella pneumoniae, Pseu- 
domonas aeruginosa, Proteus mirabilis*, Serratia marcescens* and Enterobacter species. 
Skin and Skin-Structure Infections, including those associated with postoperative 
wounds, ulcers and burns caused by Escherichia coli, Proteus mirabilis, Serratia 
marcescens, Enterobacter species, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
and Citrobacter species*. Intra-abdominal Infections, including peritonitis caused by 
Escherichia coli, Klebsiella species, including K. pneumoniae, Enterobacter species in- 
cluding E. cloacae*, Pseudomonas aeruginosa, Citrobacter species* including C. fre- 
undii* and Serratia species* including S. marcescens™*. Gynecologic Infections, 
including endometritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneu- 
moniae*, Enterobacter species* including E. cloacae* and Proteus mirabilis*. 

AZACTAN is indicated for adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hollow viscus perforations, cutaneous infections and infections of serous 
surfaces. AZACTAM is effective against most of the commonly encountered gram- 
negative aerobic pathogens seen in general surgery. 


Concurrent Therapy- Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before the causative organism(s) is known in seriously 
ill patients who are also at risk of having an infection due to gram-positive aerobic 
pathogens. If anaerobic organisms are also suspected, therapy should be initiated 
using an anti-anaerobic agent concurrently with AZACTAM. Certain antibiotics (e.g., 
cefoxitin, imipenem) may induce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to many beta-lactam antibiotics including aztreonam. These in vitro findings 
suggest that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam. Following identification and susceptibility testing, appropriate an- 
tibiotic therapy should be continued. 


CONTRAINDICATIONS-Aztreonam is contraindicated in patients with known allergy 
to this antibiotic. 


WARNINGS-Pseudomembranous colitis has been reported with nearly all anti- 
bacterial agents, including aztreonam, and may range in severity from mild to life- 
threatening. Therefore, it is important to consider this diagnosis in patients who 
present with diarrhea subsequent to the administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by Clostridium 
difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic 
measures should be initiated. Mild cases of pseudomembranous colitis usually re- 
spond to drug discontinuation alone. In moderate to severe cases, consideration should 
be given to management with fluids and electrolytes, protein supplementation, and treat- 
ment with an oral antibacterial drug effective against C. difficile (e.g., vancomycin). 
Careful inquiry should be made for a history of hypersensitivity reaction to any an- 
tibiotic or other drugs. Antibiotics should be given with caution to any patient who 
has had some form of allergy, particularly to drugs. It is recommended that patients 
who have had immediate hypersensitivity reactions (e.g., anaphylactic or urticarial) 
to penicillins and/or cephalosporins should be followed with special care. If an al- 





*Efficacy for this organism in this organ system was studied in fewer than ten infections. 


lergic reaction to aztreonam occurs, discontinue the drug and institute supportive 
treatment as appropriate (e.g., maintenance of ventilation, pressor amines, antihis- 
tamines, corticosteroids). Serious hypersensitivity reactions may require epinephrine 
and other emergency measures. 


PRECAUTIONS-General: In patients with impaired hepatic or renal function, appro- 
priate monitoring is recommended during therapy. lf an aminoglycoside is used con- 
currently with aztreonam, especially if high dosages of the former are used or if 
therapy is prolonged, renal function should be monitored because of the potential 
nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The use of antibiotics 
may promote the overgrowth of nonsusceptible organisms, including gram-positive 
organisms and fungi. Should superinfection occur during therapy, appropriate measures 
should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility-Carcinogenicity studies in 
animals have not been performed. Genetic toxicology studies performed in vivo and 
in vitro with aztreonam in several standard laboratory models revealed no evidence 
of mutagenic potential at the chromosomal or gene level. Two-generation reproduction 
studies in rats at daily doses up to 20 times the maximum recommended human 
dose, prior to and during gestation and lactation, revealed no evidence of impaired 
fertility. There was a slightly reduced survival rate during the lactation period in the 
offspring of rats that received the highest dosage, but not in offspring of rats that re- 
ceived five times the maximum recommended human dose. 


Pregnancy-Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 and 5 
times, respectively, the maximum recommended human dose, revealed no evidence 
of embryo- or fetotoxicity or teratogenicity. No drug induced changes were seen in 
any of the maternal, fetal or neonata! parameters that were monitored in rats receiving 
15 times the maximum recommended human dose of aztreonam during late gestation 
and lactation. There are no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of human response, 
aztreonam should be used during pregnancy only if clearly needed. 


Nursing Mothers-Aztreonam is excreted in breast milk in concentrations that are 
less than 1% of concentrations determined in simultaneously obtained maternal 
serum; consideration should be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and children. 


ADVERSE REACTIONS-Local reactions such as phlebitis/thrombophlebitis following 
IV administration, and discomfort/swelling at the injection site following IM admin- 
istration occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions (considered to be related to therapy or of uncertain etiology) occurring at an 
incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. Reactions 
occurring at an incidence of less than 1% are listed within each body system in order 
of decreasing severity: Hypersensitivity-anaphylaxis, angioedema, bronchospasm. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocytosis, 
thrombocytosis. GastrointestinaI-abdominal cramps; rare cases of C. difficile-associated 
diarrhea, including pseudomembranous colitis, or gastrointestinal bleeding have been 
reported. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). Dermato/ogic-purpura, erythema multiforme, 
urticaria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular-hypo- 
tension. transient ECG changes (ventricular bigeminy and PVC). Respiratory—one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice. Nervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizzi- 
ness. Musculoskeleta/-muscular aches. Specia! Senses-tinnitus, diplopia, mouth ulcer, 
altered taste, numb tongue, sneezing and nasal congestion, halitosis. Other—vaginal 
candidiasis, vaginitis, breast tenderness. Body as a Whole-weakness, headache, 
fever, malaise. 


Adverse Laboratory Changes-Those reported without regard to drug relationship | 


during clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), and alkaline 
phosphatase; signs or symptoms of hepatobiliary dysfunction occurred in less than 1% 
of recipients (see above). Hemic-increases in prothrombin and partial thromboplastin 
times, eosinophilia, positive Coombs test. Rena/-increases in serum creatinine. 


OVERDOSAGE-If necessary, aztreonam may be cleared from the serum by hemo- 
dialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with impaired renal function. In elderly patients, estimates of creatinine clearance 
should be obtained and appropriate dosage modifications made if necessary. 


HOW SUPPLIED-AZACTAM For Injection (Aztreonam For Injection)-Lyophilized-is 
supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single-dose 
30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
tles containing 500 mg or 1 g or 2 g/bottle. 


Consult package insert before prescribing AZACTAM (aztreonam). (J4-231E) 


References: 1. Schentag JJ, Welage LS, Grasela TH, et al: Determinants of antibiotic-associated hypoprothrombinemia. Pharmacotherapy 7(3):80-86, 1987. 2. Sattler 
FR, Moyer JE, Schramm M, et al: Aztreonam compared with gentamicin for treatment of serious urinary tract infections. Lancet 1:1315- 1318, 1984. 3. Gudiol F, et al: 
Comparative clinical evaluation of aztreonam versus aminoglycosides in gram-negative septicemia. J Antimicrob Chemother 17:661-671, 1986. 4. Birolini D, Moraes 
MF, de Souza OS: Comparison of aztreonam plus clindamycin with tobramycin plus clindamycin in the treatment of intra-abdominal infections. Chemotherapy 35 


(suppl 1):49-57, 1989. 
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Article 


7.5% Sodium Chloride/Dextran for Resuscitation of 
Trauma Patients Undergoing Helicopter Transport 


Mary J Vassar, MS; Colleen A. Perry; Wayne L. Gannaway, PharmD; James W. Holcroft, MD 


è To evaluate the use of hypertonic saline/dextran solutions 
in the prehospital resuscitation of severely injured patients, 
we administered 250 mL of either 7.5% sodium chloride/ 
dextran 70 (HSD) (n=83) or lactated Ringer’s solution 
(n=83), followed by conventional isotonic fluids, to 166 
trauma patients with systolic blood pressures less than or 
equal to 100 mm Hg, in a prospective, randomized, 
double-blinded clinical trial. Patients in the sodium 
chloride/dextran 70 group required less fluid before hospi- 
talization and arrived in the emergency department with 
higher systolic blood pressures than patients in the lactated 
Ringer’s solution group. The rate of survival to hospital dis- 
charge for the entire cohort was 64% for patients in the so- 
dium chloride/dextran 70 group vs 59% for patients in the 
lactated Ringer’s solution group. The rate of survival to 
hospital discharge for the patients with severe head injuries 
was 32% for the sodium chloride/dextran 70 group vs 16% 
for the lactated Ringer's solution group. Actuarial survival 
for patients with severe head injuries in the sodium chloride/ 
dextran 70 group compared with patients with severe head 
injuries in the lactated Ringer’s solution group did not quite 
reach statistical significance. There were no adverse side 
effects associated with sodium chloride/dextran 70 admin- 
istration. Administration of small volumes of sodium 
chloride/dextran 70 before hospitalization increased the 
blood pressure of severely injured patients more effectively 
than did lactated Ringer’s solution and showed tendencies 
toward improving survival in the patients with severe head 
injuries. 
(Arch Surg. 1991;126:1065-1072) 


ipai of conventional crystalloid solutions appears 

to be of little benesit in the prehospital treatment of 
critically injured trauma victims when large-volume re- 
suscitation is usually impossible.'* Very small volumes 
(approximately 4 mL/kg) of 7.5% sodium chloride com- 
bined with 6% dextran 70 (HSD), however, are effective 
in rapidly resuscitating animals that have been subjected 
to hemorrhagic shock.*? The physiologic actions of these 
solutions result, in part, from rapid expansion of plasma 


Accepted for publication May 5, 1991. 


From the Departments of Surgery (Mss Vassar and Perry and Dr 
Holcroft) and Pharmacy (Dr Gannaway), University of California 
Davis Medical Center, Sacramento. 

Reprints not available. 
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volume by an osmotic shift of fluid from the intracellular 
to the intravascular space.*** The theoretical clinical ben- 
efits of small-volume resuscitation with HSD include 
rapid and sustained stabilization of cardiac output and 
blood pressure,** reduced initial fluid requirements,*° 
temporary reduction of cerebral edema in head trauma 
victims,"”’” and improved survival as a consequence of 
rapid reversal of the shock state during the initial phase 
of injury.” This report describes our findings in a 
prospective double-blinded trial in which prehospital re- 
suscitation of trauma patients with HSD was compared 
with conventional resuscitation with isotonic fluids. 


PATIENTS AND METHODS 
Trial Protocol 


The protocol for and the responses of the first 20 patients en- 
tered into the trial have been described previously.” Trauma 
patients undergoing transport by the University of California 
Davis Medical Center, Sacramento, Life Flight Service were en- 
tered into the trial if they met the following criteria: (1) systolic 
blood pressure of 100 mm Hg or less (at any time before arriving 
in the hospital’s emergency department); (2) palpable peripheral 
pulse or a sinus complex on electrocardiography; and (3) age 18 
years or older. Patients were excluded if they appeared to be 
pregnant or chronically debilitated with severe hepatic, renal, 
cardiac, or neurologic disease, as indicated by Medic Alert tags 
or by physical findings, such as peripheral edema. 

From June 1986 to February 1988, a solution of 7.5% sodium 
chloride in 4.2% dextran 70 solution was prepared by the hos- 
pital pharmacist and used as the study compound"; in the latter 
part of the study, from March 1988 to February 1990, a 7.5% so- 
dium chloride/6% dextran 70 solution was used. Plastic bags 
containing 250 mL of the HSD solution and other bags with an 
identical appearance but containing 250 mL of lactated Ringer’s 
(LR) solution were labeled with a code and placed in the Life 
Flight helicopter in an order determined by a table of random 
numbers. 

During the first 11 months of the trial, administration of the 
HSD was preceded by infusion from a coded syringe of 20 mL 
of dextran 1; administration of LR solution as the study solution 
was preceded by infusion of 20 mL of LR solution from a coded 
syringe. For the remaining part of the study, the study solution 
was administered without a prior infusion of dextran 1 or LR SO- 
lution. All solutions were administered via a peripheral vein 
within 5 minutes or less. Supplemental isotonic fluids were ad- 
ministered at the discretion of the flight nurses as needed to re- 
store blood pressure. All personnel concerned with the care of 
the patients were kept blinded to the treatment solution for at 
least 1 month after the patients were entered into the protocol. 
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Table 1.—Survival to Discharge of Patients in Different 
Categories of Risk 














No. (%) 
No. of of Patients 
Patients Surviving 
















Entire cohort 
HSD 


LR 


Blunt injuries 
HSD 


LR 


Penetrating injuries 
HSD 


LR 


Tamponaded injuries 
HSD 


LR 


Nontamponaded injuries 
HSD 


LR 


Preinfusion systolic blood 
pressure =79 mm Hg 
HSD 21 


LR 


Preinfusion systolic blood 
pressure =80 mm Hg 
HSD 32 


LR 


Presence of severe head injury 
HSD 


LR 


Absence of severe head injury 
HSD 


LR 
























*HSD indicates hypertonic saline dextran; and LR, lactated Ringer's 
solution. 
+P = .044 with logistic regression analysis. 


The code was broken six times during the trial to ensure that the 
HSD was not causing undue side effects. The code was broken 
for a final analysis on February 22, 1990, when a definitive 
multi-institutional trial commenced. 

The study was approved by our institution’s Human Subjects 
Review Committee. Because of the urgency of resuscitation, in- 
formed consent was waived for the protocol. 


Definitions 


Categories and indicators of risk associated with the patients’ 
injuries are provided in Tables 1 and 2. The mechanism of trauma 
was classified as either blunt or penetrating. Nontamponaded 
injuries were defined as a penetrating injury to any part of the 
body or any injury, blunt or penetrating, to the liver or spleen. 
Severe head injuries were defined as those with an Abbreviated 
Injury Score for the head of 4, 5, or 6. This score was computed 
solely on the basis of anatomic findings from computed tomog- 
raphy, craniotomy, or autopsy; clinical criteria based on level of 
consciousness were not used. Revised trauma scores were cal- 
culated on the basis of the patient’s ventilatory rate, systolic 
blood pressure, and Glasgow coma score before infusion of the 
study solution. Weighted revised trauma scores were calculated 
on the basis of the coefficients derived from the major trauma 
outcome study.” Injury Severity Scores were calculated on the 
basis of the 1985 standards." 
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Statistical Analysis 


The predetermined hypotheses for the trial were that admin- 
istraticn of the HSD solution would result in increased blood 
pressures on arrival in the emergency department, compared 
with administration of the LR solution, and that the hypertonic 
soluticn would improve overall survival, particularly in patients 
with severe head injuries. Summary statistics are presented as 
the median; the interquartile range, ie, the range in which the 
middle 50% of patients fell; and the absolute range, ie, the range 
that included all the patients. Median differences and the 95% 
confidence interval (CI) for the differences, ie, the interval that 
would theoretically include 95% of the median differences if the 
sampling process were repeated an infinite number of times, 
were calculated with the Mann-Whitney test. The summary sta- 
tistics were calculated with the use of statistical software 
(Miniteb 6.2, Minitab Inc, North State College, Pa).” 

Linear regression analyses were used to assess associations 
between continuous variables when the independent variables 
were rormally distributed. Logistic regression analyses were 
used fer more generalized populations with dichotomous and 
nonno-mally distributed variables. Differences in Kaplan-Meier 
survival curves were determined with both the log-rank test and 
a Cox proportional-hazards analysis to take into account the in- 
fluence of potentially confounding covariates. The variables en- 
tered imto the models that evaluated the different covariates that 
may irfluence survival are described in the text. The survival 
curves and logistic regression and Cox models were evaluated 
with statistical software (Systat 4.1, Systat Inc, Evanston, Ill). 
Calculetions for differences in survival did not take into account 
interim analyses. 


RESULTS 


From June 1986 to February 1990, the Life Flight nurses 
enrolled 166 patients in the trial. During the same period, 
another 328 patients met the blood pressure criterion for 
the study but were not entered. Of these 328 patients, 113 
had n» signs of life when the Life Flight nurses arrived, 
86 were thought to be younger than 18 years, four 
appea-ed to be pregnant, 28 appeared chronically debil- 
itated, and 20 could not have intravenous access estab- 
lished Another 77 patients were not entered because, in 
the urzency of resuscitation, the Life Flight nurses were 
unable to initiate the protocol. 

Of tne 166 patients who received the study solution, 83 
received HSD and 83 received LR solution. The first 29 
patients in the HSD group received the hypertonic 
sodium chloride in the 4.2% dextran solution; the remain- 
ing 54 patients in the HSD group received the hypertonic 
sodium chloride in 6% dextran. Physicians in the emer- 
gency departments of referring hospitals were resuscitat- 
ing 15 of the 83 patients in the HSD group vs 14 of the 83 
patients in the LR solution group when the Life Flight 
nurses arrived; the remaining patients were being resus- 
citatec by emergency medical technicians at the scene of 
the inuury when the nurses arrived. 

In both the HSD and LR groups, 35 of 83 patients were 
intubated before receiving the study solution. The Life 
Flight nurses intubated another four patients in the HSD 
group and three patients in the LR solution group after 
infusion was begun. Medical personnel had already 
placec patients in a pneumatic antishock garment and 
had inflated the garment in 29 patients in the HSD group 
and 36 patients in the LR solution group before the Life 
Flight nurses arrived. In those circumstances, the nurses 
were instructed to keep the garment inflated. In no cases 
did otr nurses inflate a previously uninflated garment. 
Emergency medical technicians or emergency physicians 
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Table 2.—Cond'tion and Treatment of Patients Before Infusion of Test Solutions, During Transp 
~ Emergency Department, and During Hospitalizations = 











interquartile Absolute Difference 
Median Range (95% CI) 
Age, y 
HSD (n= 83) 29 21-42 15-86 0 a 
LR (n=83) 33 21-42 15-94 (—5-3) 
Injury severity score 
HSD (n= 83) 27 22-43 8-75 0 
NS 
LR (n=83) 27 19-41 4-75 (— 3-5) 
Time from injury to start of infusion of test solution, min 
HSD (n=83) 54 37-65 20-195 5 
NS 
LR (n=83) 45 30-69 10-255 (— 3-12) 
K Fluids given before start of infusion, L 
HSD (n=83) 0.8 0.2-1.5 0-5.5 } —0.1 
NS 
LR (n=83) 1.0 0.4-1.7 0-7.3 (— 0.4-0.1) 

Systolic blood pressuse before infusion started, mm Hg 

HSD (n=83) . 80 60-90 0-98 0 
NS 
LR (n=83) 80 66-90 0-98 (— 6-4) 

Glasgow coma scoretbefore infusion started 

HSD (n= 83) 10 3-14 3-15 0 
NS 
LR (n=83) 10 3-15 3-15 (—1-1) 

Revised trauma score before infusion started 

HSD (n=83) 5.1 2.4-7.1 0-7.8 0 i 
NS i 
LR (n=83) 5.4 2.4-7.1 0-7.8 (— 0.6-0.7) 4 

Time from beginningeof infusion until ED arrival, min r 

HSD (n = 83) 18 10-25 2-92 1 
- NS 7 
LR (n=83) 15 9-24 4-94 (=2-4 4 
4 

Fluids administered euring transport, L 
HSD (n =83) 0.7 0.4-1.4 0.2-7.3 } —0.2 ia 
LR (n=83) 1.0 0.5-1.8 0.3-5.8 (— 0.4-0.0) 

Total prehospital fluid/prehospital time, mL/min 
HSD (n=83) 23 13-42 4-137 -5 

.052 
LR (n= 83) 29 19-49 5-143 (— 11-0) 

Systolic blood pressure on ED arrival, mm Hg 
HSD (n= 83) 118 90-150 0-206 14 me 
LR (n=83) 110 70-130 0-180 (0-28) > 

Change in blood pressure (ED — preinfusion), mm Hg 

r HSD (n=83) 44 12-71 — 95-206 14 a 
LR (n=83) 27 0-57 — 80-160 (0-28) 

Glasgow coma score on ED arrival E 
HSD (n =83) 13 4-15 3-15 } 0 ai z 
LR (n=83) 12 3-15 3-15 (—1-0) q 

Revised trauma score on ED arrival E 
HSD (n=83) 6.4 2.9-7.8 0-7.8 } 0 ie P 
LR (n=83) 6.4 2.9-7.8 0-7.8 (— 0.2-0.2) a 

Estimated operative blood loss, L 
HSD (n=52) 0.9 0.4-2.6 0-10.0 ~0.1 i 
LR (n=47) 1.0 0.5-2.3 0-10.0 (—0.5-0.3) 

Blood replacement within first 24 h, U 

- HSD (n=83) 1 0-6 0-38 } 0 ia 
LR (n=83) 2 0-6 0-24 (— 0.0-0) 4 


*HSD indicates hyperton c saline dextran; LR, lactated Ringers solution; ED, emergency department; Cl, confidence interval; and NS, not 
significant. 
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Prehospital Fluids, mL/min 
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Ta 
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Fig 1.—Prehospital fluids, calculated as the total amount of fluid 
administered from the time of first medical intervention to the time 
of arrival in the emergency department divided by the total prehos- 
pital time. Individual values are shown for patients in the hypertonic 
saline dextran (HSD) group (n= 83) and the lactated Ringer's (LR) 
solution group (n=83). The median difference (indicated in the 
right-hand panel) for the HSD group compared with the LR solution 
group was —5 mL/min with a 95% confidence interval of —11 to 
0 mL/min (P=.05). 


had established intravenous access and administered at 
least some intravenous fluid to 64 of the patients in the 
HSD group and 75 of the patients in the LR solution group 
before the Life Flight nurses arrived and began infusion 
of the study solution. In the other 27 patients (19 in the 
HSD group and eight in the LR solution group), venous 
access had not yet been obtained when the nurses arrived. 
In these cases, venous access was established during 
transport in the helicopter. Lack of intravenous access 
was not allowed to delay transport. 

Four patients in each group were receiving cardiopul- 
monary resuscitation before the test solution was admin- 
istered. Other prestudy categories of risk (Table 1) and 
prestudy quantifiable indicators of the patients’ likelihood 
of survival, such as patients’ ages, Injury Severity Scores, 
revised trauma scores, blood pressures, and Glasgow 
coma scores (Table 2), were also approximately equivalent 
between the two groups. Treatment after randomization 
was comparable as well (Table 2), except that less fluid 
was given to the patients in the HSD group when the to- 
tal amount given was normalized for total prehospital 
time (Table 2 and Fig 1). Prompt recovery of blood pres- 
sure led to restriction of further fluid administration in 
some patients with severe head injuries. 

Six patients in the HSD group had no signs of life on 
admission to the emergency department: five of these six 
were pronounced dead in the emergency department 
(one was transiently resuscitated and died shortly there- 
after in the operating room); no other patients in the HSD 
group died in the emergency department. Three patients 
in the LR solution group had no signs of life on admission 
to the emergency department; all of these died in the 
emergency department, as did another four who had 
overwhelming injuries. In all, 78 of 83 patients in the HSD 
group survived to leave the emergency department vs 76 
of the'83 patients in the LR solution group. 

A @h: admission to the emergency department, the me- 
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Fig 2.— Systolic blood pressures of all patients on arrival in the 
emergency department. HSD indicates hypertonic saline dextran; 
and LR lactated Ringer’s solution. 


tients given HSD (Table 2 and Fig 3). Associated with 
these :ncreases in median blood pressures was a decrease 
in the median hemoglobin concentration (Table 3 and Fig 
4) in those patients who had blood drawn for analysis 
withir 30 minutes of arrival in the emergency depart- 
ment. 

Other admission laboratory measurements showed the 
expected effects of infusing a hypertonic saline solution. 
The median serum sodium and chloride concentrations 
were Ligher in patients in the HSD group, as was the me- 
dian serum osmolality (Table 3), although extremely high 
osmolalities in individual patients were all explained by 
the bleod ethanol concentrations. The correlation, deter- 
mined with univariate linear regression, between osmo- 
lalities and blood ethanol concentrations in patients in the 
HSD croup had an 7° of .66 for the 47 patients in whom 
blood alcohol was measured (P = .0001); the 7° for the 32 
patienés in the LR solution group was .84 (P= .0001). The 
media. arterial pH tended to be lower in the HSD group 
than im the LR solution group, but the difference did not 
reach statistical significance. 

Estimated operative blood loss was equivalent between 
the greups (Table 2 and Fig 5) and showed no correlation 
with ESD administration (n= 119; P = .95 with logistic re- 
gressien). Blood loss did correlate with high Injury 
Severi-y Scores (n=119; P=.0001). Similarly, 24-hour 
blood replacement was equivalent between the groups 
(Table 2 and Fig 6) and showed no correlation with HSD 
admirestration (n= 166; P=.23). Blood replacement did 
correlete with high Injury Severity Scores (n=166; 
P=.0@1) and with nontamponaded (compared with 
tamponaded) injuries (n= 166; P= .025). 

All cf the patients were followed up until either hospi- 
tal discharge or death (Table 1). Survival to hospital dis- 
charge for the entire cohort was higher in the HSD group 
(53 [64%] of 83 patients) than in the LR solution group (49 
[59%] >f 83 patients) but the differences were not signif- 
icant (Table 1). The rate of survival to hospital discharge 
in patients in the HSD group with severe head injuries 
(defined as an injury with an abbreviated injury score of 
4, 5, oœ 6) was 32% (nine of 28 patients) vs 16% (four of 
25 patents) in the LR solution group (Table 1). Logistic 


regression analysis, with a model that included patient 
age, Abbreviated Injury Score for the head, revised 
traume score, and Injury Severity Score, resulted in 
P=.044 for improvement in survival in patients in the 
HSD group. The odds ratio for improvement in survival 


. “fian blood pressure in the patients given HSD was higher 
. _æhan thatin the patients given LR solution (Table 2 and Fig 
_ 29). The'median increase in blood pressure, ie, the median 
‘ “Cof the blood pressures in the emergency department mi- 

nus the pressiires before infusion, was also higher in pa- 
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Systolic Blood Pressure, mm Hg 
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Fig 3.— Systolic blood pressures on arrival in the emergency depart- 
ment minus blood pressures before infusion of study solution in all 
patients. HSD indicates hypertonic saline dextran; and LR, lactated 
Ringer’s solution. 
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Fig 5.—Estimated operative blood loss in those patients who 
underwent an operation within 24 hours of arrival in the emergency 
department (62 patients in the HSD group and 57 patients in the LR 
solution group). HSD indicates hypertonic saline dextran; and LR, 
lactated Ringer’s solution. 


mee HSD (n=83) 
LR (n=83) 


Proportion of Patients Surviving 


Fig 7.— Survival for the first 7 days and at the time of hospital dis- 
charge for all patients entered into the study. The difference in 
overall actuarial survival is not significant. HSD indicates hypertonic 
saline dextran; and LR, lactated Ringer’s solution. 


to hospital discharge with HSD administration was 7.0 
with a 95% CI for that ratio of 1.1 to 43.8. 

Improvement in actuarial survival with HSD adminis- 
tration did not reach statistical significance for the entire 
cohort (Fig 7) but was near significance for patients with 
severe head injuries (Fig 8). In the patients with severe 
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Fig 4.—Hemoglobin concentrations determined in the emergency 
department in those patients from whom a specimen was obtained 
within 30 minutes of arrival (52 patients in the HSD group and 47 
patients in the LR solution group). HSD indicates hypertonic saline 
dextran; and LR, lactated Ringer's solution. 
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Fig 6.—Blood replacement for the first 24 hours in the hospital for 
all patients in the study. HSD indicates hypertonic saline dextran; 
and LR, lactated Ringer's solution. 
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Fig 8.—Survival of patients with severe head injuries, as defined 
by an Abbreviated Injury Score for the head of 4, 5, or 6. 
Improvement in actuarial survival for patients in the HSD group 


was Close to significant (P=.068), as determined with propor- 
tional hazards analysis. The odds ratio for improvementuin sur- 
vival with HSD administration was 2.1 with a i idence 
interval of 1.0 to 4.5. HSD indicates hypertorfi€asz 
and LR, lactated Ringer’s solution. £ 










head injuries, log-rank analysis of Kag ah- 
resulted in P=.15 for improvement in s Vive 
administration. A Cox proportional-hagatds™a: 
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= Table 3.—Laboratory Measurements on Sam 









Measurement 


Hemoglobin concentration, g/L 






















HSD (n=52) 98 

LR (n = 47) 105 
Serum osmolality, mOsm/kg 

HSD (n= 56) 333 

LR (n=51) 308 
Serum ethanol concentration, nmol/L 

HSD (n = 47) 15.4 

LR (n= 32) 13.0 
Serum sodium concentration, mmol/L 

HSD (n= 57) ; 154 

LR (n=51) 144 
Serum potassium concentration, mmol/L 

HSD (n=57) 3.6 

LR (n=51) 3:6 
Serum chloride concentration, mmol/L 

HSD (n = 56) 119 

LR (n=51) 109 
Blood glucose, mmol/L 

HSD (n=51) 8.7 

LR (n=45) 9.4 
Arterial oxygen tension, mm Hg 

HSD (n=31) 233 

LR (n= 38) 108 
Arterial carbon dioxide tension, mm Hg 

HSD (n=31) 39 

LR (n= 36) 37 
Arterial pH 

HSD (n= 31) 7.24 

LR (n= 37) 7.30 
Serum dextran concentration, g/L 

HSD (n= 23) 2.8 


ples of Blood Obtained No Later Than 30 Minutes After Arrival in the 
Emergency Department* 


Interquarti= 


77-115 27-151 1] 
050 
89-126 43-170 (— 21-0) 
319-354 298-391 22 
.0001 
296-333 281-367 (14-31) 
0-35.4 0-83.8 | 0 a 
0-39.5 0-53.4 (—2.4-10.2) 
150-157 142-167 9 
0001 
142-147 136-155 (7-11) 
3.3-4.1 2.5-6.8 0.0 PA 
3.3-4.0 2.4-5.1 (—0.2-0.2) 
116-122 105-131 9 
.0001 
106-113 101-129 (7-11) 
6.5-10.9 3.5-23.9 } Jae i: 
6.8-12.4 5.1-21.5 (— 2-0.8) 
94-313 51-544 | 80 ai 
67-189 36-595 (13-149) 
29-44 15-58 0 
NS 
31-44 21-68 (— 6-4) 
7.19-7.36 6.69-7.50 _0.02 ce 
7.20-7.35 6.96-8.04 (—0.09-0.05) 
2.0.3.2 1.2-4.6 
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*HSD indicates hypertonic saline dextran; LR, lactated Ringer's solution; Cl, confidence interval; and NS, not significant. 


with a model that included patient age, mechanism of in- 
jury (penetrating vs blunt), revised trauma score before 
infusion of study solution, and the abbreviated injury 
score for the head, resulted in P= .068 for improvement 
in actuarial survival with HSD administration. The odds 
ratio for improvement in overall survival with HSD 
administration was 2.1 with a 95% CI of 1.0 to 4.5. 
There were no complications associated with infusion 
of the HSD solution. There were no instances of central 
pontine myelinolysis (autopsies were performed on all 64 
patients who died) and no evidence of exacerbated 
intracranial bleeding in the patients given HSD. Of the 
nine surviving HSD patients with severe head injuries, six 
had evidence of intracranial bleeding on computed tomo- 
graphic scan or at craniotomy; of the four surviving 
patients in the LR solution group with severe head inju- 
ries, three had evidence of intracranial bleeding. All of the 
nonsurviving patients with severe head injuries in both 
groups had intracranial bleeding documented at autopsy. 
There were no anaphylactoid reactions to the dextran and 
no difficulties with crossmatching of blood. The tendency 
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toward a transient hyperchloremic metabolic acidemia 
had ne noticeable adverse clinical effect. 


COMMENT 

We found that the prehospital infusion of 250 mL of 
HSD to hypotensive trauma patients increased their 
mediar systolic blood pressure on arrival in the emer- 
gency department compared with conventional isotonic 
prehos>ital fluid resuscitation. The increase in blood 
pressure was associated with a decrease in the median 
hemogiobin concentration compared with the conven- 
tionally treated group, probably reflecting a larger 
plasma volume in patients treated with HSD. The HSD 
solution showed tendencies toward improving sur- 
vival, particularly in patients with severe head injuries. 
The benefits of HSD were achieved with the adminis- 
tration of less fluid when calculated as the total fluid 
divided by total prehospital time. There were no ad- 
verse s de effects. 

The -ardiac output probably increased substantially 
with in-usion of the HSD, more than would be indicated 
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by the increase in blbod pressure. Administration of hy- 
pertonic saline solutions, as originally noted by Silbert” 
and later confirmec experimentally, results in marked 
vasodilation, of both the cutaneous vasculature and other 
vascular beds.*” In many cases, the Life Flight nurses 
reported that administration of the test solution led to the 
development of cutaneous hyperemia. The systemic vas- 
cular resistances in unanesthetized hypotensive animals 
given HSD drop to levels approximately 50% of those in 
animals given equivalent volumes of isotonic solutions, 
and then gradually return toward normal levels.® The im- 
provement in blood pressure that was observed on 
admission to the emergency department probably coin- 
cided with both a substantial increase in cardiac output 
and improvement of blood flow to critical organs during 
transport. 

The rate of survival to hospital discharge in patients 
with severe head injuries was significantly higher in those 
patients who received HSD (32% of patients in the HSD 
group vs 16% of patients in the LR solution group; P = .044 
with logistic regression analysis). Improvement in actu- 
arial survival in the same group did not quite reach sta- 
tistical significance (P=.068 with Cox proportional- 
hazards analysis). Patients with severe head injuries in 
particular could bene<it from HSD administration, both 
because the solution can reduce brain swelling and 
because, by increasing cardiac output, it can increase the 
supply of oxygen and other nutrients to the injured cere- 
bral parenchyma. For the entire cohort, improvement in 
survival with HSD administration did not reach statistical 
significance. Demonstration of statistical significance 
would require 1511 patients in each group, assuming a 
type I error of 5%, a power of 80%, survival rates of 65% 
and 60% for the HSD and LR groups, respectively, and 
equivalency of prestudy risk factors between the groups.” 
In all likelihood, however, the number of patients re- 
quired to demonstrate significance would be much 
smaller if confounding prestudy covariates were taken 
into account. 

We could find mo adverse effects of the HSD solution, 
consistent with both animal toxicology studies?” and 
hospital studies in which patients were followed up un- 
der circumstances that allowed close observation while 
they received the solution.” There were no adverse side 
effects with respect to anaphylactoid reactions, cross- 
matching difficulties, or neurologic damage. Nor was 
there any evidence tc suggest that administration of HSD 
exacerbated bleeding. There was no difference in blood 
loss or blood requirements in the patients in the two 
groups (Table 2 and Figs 4 and 5), and survival tended to 
be higher in patients who were most at risk of bleeding 
from the solution, ie, patients with penetrating injuries or 
nontamponaded imjuries (Table 1). 

The results of experimental studies suggesting that ad- 
ministration of hypertonic saline exacerbates bleeding 
from injured vessels and leads to early death in anesthe- 
tized animals are probably not relevant to the clinical sit- 
uation in most patients.”! Amputation of a rat's tail with 
immediate intravenous administration of a hypertonic 
solution does nottranslate directly into any common pa- 
tient scenario. The rat tail is a cutaneous appendage and, 
presumably, is particularly vulnerable to the cutaneous 
vasodilation of a hybertonic solution. 

Our Life Flight nurses applied pressure to control 
bleeding from cutaneous wounds in our patients. Anes- 
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thesia ablates protective vasoconstrictive reflexes in areas 
of tissue damage; our patients were not anesthetized. 
Rapid expansion of blood volume in a rat with a recently 
inflicted wound might potentiate bleeding through ves- 
sels that never had a chance to form an intraluminal 
thrombus; in our patients, a median time of 54 minutes 
elapsed between injury and infusion of HSD, more than 
enough time to allow firm thrombi to form in transsected 
vessels. Last, a recent experiment with hemorrhagic 
shock induced by partial resection of rat tails demon- 
strated that 7.5% sodium chloride resuscitation followed 
by administration of isotonic fluids led to improved 
hemodynamic stability and increased survival.” 

Many questions remain with respect to use of these 
hypertonic solutions. The patients most likely to benefit 
from the solution need to be identified definitively. The 
maximum safe dose in humans, the efficacy of the indi- 
vidual components of the solution, ie, the hypertonic salt 
portion vs the dextran component, and the most effective 
concentrations of the different components need to be 
determined.* The efficacy of any blood volume expansion 
vs not even attempting to establish vascular access needs 
to be demonstrated. Definitive statistical evidence for im- 
proving survival will require a trial with large numbers of 
patients. 

Weare currently conducting a multi-institutional trial in 
which we and our coinvestigators are comparing initial 
prehospitalization resuscitation of trauma patients receiv- 
ing 250 mL of LR solution, 7.5% sodium chloride without 
dextran, 7.5% sodium chloride with 6% dextran, or 7.5% 
sodium chloride with 12% dextran. This ongoing study, 
which may take several years, should answer most of the 
remaining questions. 


The 7.5% sodium chloride/6% dextran 70 solution was provided by 
Pharmacia Inc, Upsalla, Sweden. 

This work was supported in part by grant 1-ROM1-GM38508 from 
the National Institutes of Health and by Pharmacia Inc. 

George C. Kramer, PhD, and Dr Holcroft, through the University 
of California, hold rights to a patent that describes the use of hyper- 
tonic saline/hyperoncotic solutions for the resuscitation of patients 
in shock. 

We thank the Life Flight Nurses who made this study possible and 
who provided emergency care for these patients. 
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Invited Commentary 


The study of HSD for resuscitation of trauma patients un- 
dergoing helicopter transport adds an additional dimension 
to our revived interest in hypertonic resuscitation. Dr Hol- 
croft and coworkers have continued their careful studies in 
animals and in randomized human trials of this therapeutic 
modality. 

Previous studies in animals and humans have clearly 
shown that hypertonic fluids promptly reexpand a volume- 
depleted vascular space with accompanying improvements 
in hemodynamic parameters. Hypertonic resuscitation thus 
seems to be an efficient means of “salting” a volume-depleted 
patient with endogenous refill, sometimes referred to by 
Francis Moore, MD, as the “taking up” phenomenon. 

The current study is consistent with earlier ones, but it adds 
an additional, intriguing observation and poses several 
questions. The suggestion that hypertonic dextran saline 
might positively affect patients with head injury in a specific 
way is fascinating. If that observation can be proved in future 
studies, it will stimulate the need to clarify the mechanisms. 
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Is the putative improvement in patients with head injuries a 
result cf osmotic treatment of cerebral edema, an unknown 
metaboric benefit of dextran, or simply due to hemodynamic 
resuscitation? The late Samuel Powers, MD, DSc, of Albany, 
NY, in ancompleted studies suspected that metabolic effects. 
of dextran and/or mannitol might have some salutary effect 
in myoeardial resuscitation. Perhaps that possibility of bio- 
chemiccl enhancement should be explored further. 

Finally, the current study, well done as it is, does not com- 
pletely answer the question of survival. The proposed mul- 
ticenter study should answer that question. 

Dr Helcroft and coworkers continue their important con- 
tributions to shock resuscitation and complex patient trials. 
They are to be commended for addressing the scientific issue 
of volume resuscitation in the logistical setting of transport 
and prenospitalization care of injured patients. 

Grorcr F. SHELDON, MD 
Chapel Hill, NC 
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Trauma During Pregnancy 


A Review of 79 Cases 


Thomas J. Esposito, MD, MPH; David R. Gens, MD; Lynn Gerber Smith, RN, MS; 
Ronald Scorpio, MD; Timothy Buchman, MD 


© Few studies provide data on pregnant trauma patients that 
can be used to direct management decisions. Therefore, this 
retrospective study of 79 pregnant patients who were in- 
jured and admitted te a trauma center during a 9-year period 
was conducted to obtain such information. Maternal mor- 
tality for these pregnant patients was 10%, which was not 
different from that for nonpregnant females. Overall, rate of 
fetal loss was 34%. Rates of fetal loss were not different in 
patients with and without evidence of shock and/or hypoxia 
or in restrained and unrestrained automobile occupants. Di- 
agnostic peritoneal lavage proved to be 95% accurate and 
safe. Based on these findings, we concluded the following: 
pregnancy does not increase maternal mortality from 
trauma. Blood pressure, pulse rate, and PO, are unreliable 
indicators of adequate maternal resuscitation and fetal well- 
being. Assumption of maternal and fetal stability based 
solely on these usually standard criteria is unwise. Use of seat 
belts during pregnancy is advisable in the absence of evi- 
dence that restraints increase the rate of fetal loss. 
(Arch Surg. 1991;126:1073-1078) 


E mergency care of the trauma victim who is pregnant 

presents a unique set of circumstances and chal- 
lenges to the physician. Anatomic and physiologic 
changes occurring during pregnancy that can mask or 
mimic injury may be misinterpreted. Fear of harming the 
fetus, upsetting the patient, or complacency stemming 
from a sense of maternal stability may result in omission 
or hesitancy to perform indicated diagnostic or therapeu- 
tic procedures. This often delays correct diagnosis and 
prompt initiation of treatment. 

The true incidence of trauma during pregnancy is not 
known.' Maternal trauma is the leading nonobstetric cause 
of fetal death? and accounts for an increasing proportion of 
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both maternal and perinatal fetal mortality as the treatment 
of other medical and obstetric diseases improves.° 

Although a fair amount has been written on the subject, 
relatively few large series exist in the literature. Many in- 
vestigators describe an isolated aspect of trauma during 
pregnancy, such as blunt,*° motor vehicle related,** pen- 
etrating,”"® or burns.!™!? Few recent reviews have dealt 
with the entire scope of injuries sustained by the gravid 
female, and these have been relatively small descriptive 
reviews.'*’ They have provided little in the way of data 
on which to base management decisions or to evaluate 
results of management. 

Shock and hypoxia are known to be deleterious in the 
obstetric patient, but little has been documented with re- 
gard to their implication in the pregnant trauma patient. 
Pregnancy has been taught to be a relative contraindica- 
tion to diagnostic peritoneal lavage (DPL),"* with few, if 
any, reports of complication or accuracy rates supporting 
this. Finally, there has been controversy over whether the 
use of seat belts increases or decreases the rate of fetal loss 
and uteroplacental injury. ] 

This review is an effort to give a general overview of the 
problem and present findings on which management de- 
cisions can be based. It estimates the prevalence of preg- 
nancy in the trauma patient population and catalogs the 
nature and severity of injuries sustained. Maternal and 
fetal outcomes are analyzed in relation to nonpregnant 
females and presence or absence of maternal shock and 
hypoxia, as well as seat belt use. The safety and accuracy 
of DPL is also evaluated. 


MATERIALS AND METHODS 


The charts of all women with a secondary diagnosis of preg- 
nancy who were admitted to the Maryland Institute for Emer- 
gency Medical Services Systems Shock Trauma Center, Balti- 
more, between July 1, 1980, and June 30, 1989, were retrospec- 
tively reviewed. Eighty-eight such patients were identified. Four 
women subsequently were proved not to be pregnant, three oth- 
ers were admitted for reasons unrelated to trauma, and two sus- 
tained smoke inhalation without cutaneous burns. The remain- 
ing 79 patients are the basis of this study. 

Admitting vital signs, arterial blood gas results, fetal heart 
rate, DPL results, operative findings, and clinical course were 
extracted from each chart. Information on pregnancy outcome 
was obtained from chart review or personal follow-up interview. 
Information on seat belt use was also obtained in this manner. 
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An Injury Severity Score (ISS) was calculated for all patients.” 
Pregnancy was confirmed by positive serum human chorionic 
gonadotropin determination, physical examination, or ultra- 
sonography. Gestational age was determined by history, phys- 
ical examination, ultrasonography, and/or weight of fetus. First 
trimester was considered to be 1 to 12 weeks’ gestation, second 
trimester was 13 to 24 weeks’ gestation, and third trimester was 
greater than 25 weeks’ gestation. All patients who were unavail- 
able for follow-up (25%) were discharged with normal- 
developing pregnancies. Pregnancy outcome was categorized as 
successful if the infant survived the neonatal period and unsuc- 
cessful if spontaneous abortion, stillbirth, fetal death in utero, or 
neonatal death occurred. Elective therapeutic abortions were 
excluded from pregnancy outcome data. 

Diagnostic peritoneal lavage was considered to be positive if 
standard criteria set forth by the American College of Surgeons 
were met.'° The procedure was performed under the direction 
of an attending trauma surgeon by surgical trauma fellows or 
surgical and emergency medicine residents. Open or semiopen 
technique was employed by using a supraumbilical or paraum- 
bilical approach.** 

Criteria for maternal shock and hypoxia were a systolic blood 
pressure less than or equal to 90 mm Hg, pulse rate greater than 110 
beats per minute or less than 60 beats per minute, or a PO, less than 
80mm Hg, irrespective of ventilatory mode. Presence of one or more 
abnormal parameters before or at admission was considered to be 
evidence of shock and/or hypoxia. Fetal heart rate greater than 160 
beats per minute, less than 120 beats per minute, or late deceleration 
was considered to be evidence of fetal distress. 

An attempt was made to determine whether a discernible dif- 
ference in mortality existed between pregnant and nonpregnant 
women of similar injury severity and age. For comparison, a co- 
hort of 150 nonpregnant females who were matched for age and 
ISS was randomly selected from the total patient population ad- 
mitted during the study period. Statistical analysis with the use 
of x? was performed, where appropriate. Results were consid- 
ered to be statistically significant if P<.05. 


RESULTS 


Pregnant women constituted less than 1% (0.43) of the 
total acute admissions to the trauma center during the 
study period. They represented 1.7% of all female admis- 
sions and 2.6% of women aged 14 to 45 years. Mean age 
was 25 years, ranging from 16 to 41 years. Twenty-eight 
patients (35%) were in their first trimester, 28 (35%) were 
in their second trimester, and 23 (30%) were in their third 
trimester. There was one case of multiple gestation, ie, 
twins; the remainder were single pregnancies. 

The majority of patients (96%) sustained injury as a re- 
sult of blunt trauma as follows: 


No. (%) of Patients 


Mechanism of Injury 
Automobile collision 58 (74) 
Motorcycle collision 1 (1) 
Pedestrian struck 8 (10) 
Fall 8 (10) 
Gunshot wound 2 (8) 
Laceration ti) 
Struck by bull 1 (1) 


As given in the above tabulation, 58 patients were occu- 
pants of automobiles involved in collisions, eight were 
pedestrians, eight had falls, one was riding a motorcycle, 
and one was struck by a bull. Penetrating injury ac- 
counted for three cases (4%), two gunshot wounds and 
one laceration; none involved the abdomen. The mean ISS 
was 14.6 (range, 1 to 51). Fifty patients (63%) had an ISS 
greater than 5, and 28 (35%) had an ISS greater than 16. 

There were eight maternal deaths (10%) (Table 1). Mor- 
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Mechanism Fetal Cause 
Patient of Injury ISS Trimester Outcome of Death 


Pedestrian Spontaneous MSOF 
struck abortion 


MVC FDIU HI 
MVC FDIU HI 
MVC FDIU HI 


MVC Neonatal ARDS/MSOF 
death 


Cesarean HI 
section, alive 


GSW 


Cesarean MSOF 


section, died 
FDIU 


Hl/exsangui- 
nation 





*ISS indicates Injury Severity Score; MVC, motor vehicle collision; 
GSW, gunshot wound; FDIU, fetal death in utero; MSOF, multisystem 
organ falure; HI, head injury; and ARDS, adult respiratory distress 
syndrome. 


tality in the cohort of nonpregnant females was 7%. This 
differerce was not statistically significant. Eighteen of 53 
known pregnancy outcomes (34%) were unsuccessful (Ta- 
ble 2). This excluded six elective therapeutic abortions and 
20 patients who were unavailable for follow-up. There were 
four cases of abruptio placenta. Three cases were associated 
with blant trauma and fetal death. The fourth case was in 
a woman with a gunshot wound to the neck whose infant 
survived. 

Three fetuses were known to have sustained direct in- 
jury. One had a skull fracture, and one had a subdural 
hematoma; maternal pelvic fractures were noted in both 
cases. The third fetus suffered intracranial hemorrhage in 
the absence of an associated maternal pelvic fracture. All 
three fetuses died. 

Sever emergent cesarean sections were performed. All 
were fo“ indications of fetal distress, and none were post 
mortem. Five were performed immediately at admission, 
and twe were performed several hours after admission. 
Four inzants were delivered alive. Three infants survived 
to discharge, and one died after 24 hours. 

Twenty-six patients (43%) were admitted with evidence 
of shock and/or hypoxia (Table 3). The maternal mortality 
in these patients was 21%, and 38% of known pregnancy 
outcomes were unsuccessful. In patients with normal vital 
signs ard arterial PO, maternal mortality was 2%, and fe- 
tal loss occurred in 31% of cases where outcome was 
known. There was no statistical difference between the 
two groups with regard to unsuccessful pregnancy rate. 

Diagr ostic peritoneal lavage was performed in 21 (29%) 
of 73 patients with suspected blunt abdominal trauma 
(Table 4).Nearly 60% of these patients were in their sec- 
ond or third trimester. Their mean ISS was 30. Eighty-one 
percent showed evidence of shock or hypoxia, and the 
rate of fetal loss (excluding elective abortions and patients 
who were unavailable for follow-up) was 69%. Patients 
who dic not undergo DPL had a mean ISS of 9.8, mani- 
fested evidence of shock or hypoxia in 28% of cases, and 
experiemced a 19% incidence of fetal loss. Results of DPL 
were positive in seven cases (33%) and negative in 14 
(67%). All positive results were confirmed by laparotomy 
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Maternal 
Shock/ 


Hypoxia 


Maternal Mechanism 


Fetus Trimester ISS of Injury 





Pedestrian + 
struck 

2 1 29 MVC + 

3 1 22 MVC — 

4 1 38 MVC _ 

5 1 34 MVC _ 

6 1 16 MVC — 

26 MVC + 

2 9 MVC _ 

9 2 51 MVC + 

10 2 ZF MVC + 

11 2 27 MVC + 

12 2 50 MVC + 
13 3 8 MVC —' 

14 3 10 MVC — 

15 3 33 MVC — 

16 3 50 MVC = 

17 3 41 Pedestrian = 

struck 
18 3 41 MVC = 


Table 3.— Shock and/or Hypoxia* 


No. (%) 
cc HF 
Abnormal Normal 
Parameters Parameters 


34 (43) 45 (57) 
7 (21) 1 (2) 
9/24 (38) 9/29 (31) 


*Blood pressure, puls rate, and Po, constitute the parameters. 
tOf known pregnancy outcomes. 



















Patients 
Maternal death rate 






Unsuccessfu! pregnancy ratet 








findings. Of the 14 patients with a negative DPL, 12 sur- 
vived. Eleven of these patients exhibited no clinical 
evidence of abdominal injury. One required laparotomy 
for persistent hemedynamic instability. This patient had 
a lavage red blood eell count of 76000 mm? . At operation, 
hemoperitoneum and a nonbleeding liver laceration were 
discovered. Overall accuracy was 95%. The only compli- 
cation was failure cf adequate effluent return in one case. 

Information withregard to seat belt use was available for 
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Table 2.—Fetal Deaths* 


Fetal 
Distress 







ND D - Spontaneous 
abortion 
ND L _ Spontaneous 
abortion 
ND L = Spontaneous 
abortion 
ND L _ Spontaneous 
abortion 
ND L - Spontaneous 
abortion 
ND + on Spontaneous 
abortion 
£ D S; FDIU 
— L Abruptio FDIU 
SAH/SDH 
á D = FDIU 
z D A FDIU 
$ L — FDIU 
Unobtainable D — FDIU 
heart rate 
— L Abruptio FDIU 
+ L — Unsuccessful 
cesarean section 
Unobtainable L Uterine Vaginal 
heart rate laceration delivery, 
stillbirth 
+ L -— Unsuccessful 
cesarean section 
— L Skull Unsuccessful 
fracture cesarean section 
+ L Abruptio Neonatal death 





*ISS indicates Injury Severity Score; MVC, motor vehicle collision; plus si 
died; FDIU, fetal death in utero; SAH, subarachnoid hemorrhage; and SDH, 








Maternal 
Outcome 


Uteroplacental/ 
Fetal Injury 



















































gn, present; minus sign, not present; ND, not documented; L, lived; D, 
subdural hematoma. 


43 (74%) of the 58 motor vehicle occupants (Table 5). Fifteen 
patients (35%) were wearing restraints. Of all occupants in 
their first trimester, 40% were belted, of those in their second 
trimester, 23% were belted, and 46% of patients in their third 
trimester were wearing restraints. Mean ISS was essentially 
the same for both groups. The one death that occurred was 
in an unrestrained patient. Four (31%) of 13 known preg- 
nancy outcomes were unsuccessful in the belted occupants, 
and five (26%) of 19 outcomes were unsuccessful in the un- 
belted occupants. This difference was not statistically signif- 
icant. Two uteroplacental injuries were noted in patients 
who were wearing belts and one such injury was noted in the 
unbelted occupants. 


COMMENT 


While the incidence of trauma occurring during preg- 
nancy has been reported to be about 7% and Lavin and 
Polsky” reported that three to four women per 1000 de- 
liveries required hospitalization secondary to trauma, lit- 
tle is known about the actual prevalence of pregnancy in 
the trauma patient population. Our data indicate preg- 
nancy coincident with trauma is a very rare occurrence 
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Saas = 












ISS/Mechanism . 
of Injury 


38/MVC 10 — No a TA L 
2 1 50/pedestrian 6 + Yes Ruptured bladder Spontaneous abortion D 





Patient Trimester 





































struck 
3 2 14/MVC 15 -— No los Term L 
4 1 29/MVC 14 + Yes Splenic laceration Spontaneous abortion L 
5 2 26/MVC 3 — No om FDIU D 
6 2 22/MVC 15 - No E Unknown L 
7 2 27/pedestrian 15 — No NF Term L 
struck 
8 2 51/MVC 4 + Yes Liver laceration FDIU D 
9 3 33/MVC 15 + Yes Uterine laceration, Vaginal delivery, L 
liver laceration stillbirth 
10 3 50/MVC 14 + Yes Liver laceration Unsuccessful D 
C section at 
laparotomy 
11 2 27/MVC 4 — No T FDIU D 
12 2 48/MVC 15 - Yes Liver laceration FDIU L 
13 1 35/MCC 8 — No a IUGR term L 
14 1 6/MVC 15 — No NR,- Unknown L 
15 1 24/MVC — No en L L 
16 1 22/MVC 15 = Yes IVC tear, splenic Spontaneous abortion L 
laceration, 
retroperitoneal 
hematoma 
17 1 14/MVC 11 - No sea Unknown L 
18 3 14/pedestrian 14 — No Pea L L 
struck 
19 2 4/bull 15 ~ No eee Unknown L 
20 2 50/MVC 3 + No oe FDIU D 





38/MVC 4 — No P Spontaneous abortion L 


*DPL indicates diagnostic peritoneal lavage; ISS, Injury Severity Score; MVC, motor-vehicle collision; MCC, motorcycle collision; GCS, Glasgow 
Coma Scale; plus sign, positive; minus sign, negative; IVC, inferior vena cava: TA, elective therapeutic abortion; FDIU, fetal death in utero; IUGR, 
intrauterine growth retardation; L, lived; and D, died. 


ment, may be more a reflection of sample size and refer- 
ral patterns to our center rather than general injury 
patterns that are seen during pregnancy. Severe trauma 
is less common than minor trauma in pregnant women.” 
In one series of blunt trauma patients, 20% were reported 







Unbelted 
28 (65) 











Total patients, No. (%) 15 (35) 


M ISS 12.8 hace è w A 

seih to have sustained major injury.* The ISS was not reported 
Maternal death, No. 0 for these patients. The 35% of patients with an ISS greater 
Unsuccessful pregnancy, No. (%)t 4/13 (31) 5/19 (26) than 16 may again represent a skewed population referred 





to a Lewel I trauma center. However, if the diagnosis of 
pregnancy is known in the field, the triage pattern is usu- 
ally to cur center regardless of other triage criteria. 

A maternal death rate of 10%, with the most frequent 
even in a center with more than 2500 trauma admissions cause of death being head injury, is similar to what has been 
yearly. Maintaining the skills and knowledge base re- _ reported previously.*®' Pregnancy may not adversely affect 


Uteroplacental injury, No. 2 1 





*ISS indicates Injury Severity Score. 
+Of known pregnancy outcomes. 


quired to deal with this infrequent and challenging situ- materna outcome in trauma per se, but its rare prevalence 
ation requires periodic review of the unique physiology as an associated condition, unfamiliarity with nuances of 
and treatment considerations in these patients. care, and emotional overlay of the situation can delay diag- 


The cause of traumatic injury in pregnancy is thought nosis and treatment. This has been postulated as a potential 
to parallel roughly that of the general population, with cause of increased maternal and fetal mortality and morbid- 
blunt injury being more common." Penetrating injuries ity. Our findings with regard to maternal mortality do not 
constitute a greater proportion of injuries at inner-city support this contention. While mortality tended to be 
centers.5 The low rate of penetrating trauma demon- slightly less in nonpregnant women of similar age and injury 
strated here, with no stabbings or abdominal involve- severity, the difference was not statistically significant. This 
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would suggest that pregnancy does not significantly impact 
maternal outcome in trauma patients at a center that main- 
tains an aggressive approach to diagnosis and treatment of 
potential maternal injuries. 

Trauma, however, does appear to increase the rate of 
fetal loss and abruptio placenta over baseline rates in 
pregnant women. The actual rate of spontaneous fetal 
loss in the general population of pregnant women is not 
known. In the past, estimates have ranged between 10% 
and 15%. More recent studies that take into account early 
spontaneous abortions place this figure between 20% and 
62%. However, Simpson and associates”! reported a 
fetal loss of only 3% subsequent to confirmation of a live 
fetus at 8 weeks’ gestation. Similar results have been re- 
ported by others.” In this study of injured pregnant 
women, fetal loss occurred in 34% of cases where outcome 
was known. Others have reported rates between 4% and 
61% in pregnant trauma patients, depending on mecha- 
nism and severity of injury.*’”° The combined experience 
of five studies that examined more than 250000 deliver- 
ies showed the rate ef abruptio placentae from all cases to 
be 0.57%.° The frequency of abruptio placentae demon- 
strated in this series is at the lower end of the 6.6% to 66% 
range, which has been associated with trauma.” 

Evidence of shock and/or hypoxia in the pregnant 
trauma patient is a prognosticator of poor outcome in both 
mother and fetus. However, even in the absence of these 
signs, our results show that the rate of fetal loss remains 
sizable and is not statistically different from that of 
patients who manifest instability. This may be indicative 
of maternal compensation at the expense of the fetus. 
Normal anatomic and physiologic changes occur during 
pregnancy that modify the response to hemorrhage and 
trauma. These changes vary with trimester and position, 
making diagnosis of the presence and degree of maternal 
shock difficult. Both maternal shock and hypoxia induce 
catecholamine-mediated uterine artery vasoconstriction 
that reduces uteroplacental perfusion.” Reduction in 
uterine blood flow of up to 20% can occur without changes 
in maternal blood pressure.” The ensuing uterine hypo- 
perfusion and hypoxia can have deleterious effects on the 
fetus with no apparent clinical signs or symptoms in the 
mother. The results of this study confirm that maternal 
blood pressure, pulse rate, and PO, are highly unreliable 
parameters on which to gauge adequacy of maternal and 
fetal resuscitation in the pregnant patient. Hoff et al?! have 
also documented the unreliability of maternal blood 
pressure and pulse rate in predicting fetal loss. 

Complacency stemming from a false sense of maternal 
and fetal stability based solely on these standard criteria 
is unwise. Evidence of occult hypoxia and hypovolemia in 
the apparently stable mother should always be sought 
and aggressively treated. Liberal fluid replacement and 
supplemental oxygen therapy should be instituted even 
in the “minimally injured” and apparently stable patient. 
Less commonly employed indicators of adequate mater- 
nal oxygen delivery, tissue perfusion, and resuscitation, 
such as serum bicarbonate and lactate levels, may be more 
reliable parameters to ollow in the pregnant patient. Ma- 
ternal serum bicarbonate level has been shown to have a 
highly significant correlation with fetal outcome in com- 
parison with other variables reflective of shock and 
hypoxia.” This test is easily and rapidly obtainable in all 
hospitals. We advocate routine serum bicarbonate deter- 
mination in all pregnant patients who are being evaluated 


Arch Surg—Vol 126, September 1991 


for trauma regardless of hemodynamic status because of 
its general availability and its superior ability to predict 
potential fetal demise and gauge maternal oxygen deliv- 
ery and resuscitation. The Kleihauer-Betke test is also 
recommended to detect early and occult fetal or uteropla- 
cental injury; the results of this test may confirm fetal dis- 
tress while other parameters are still normal.* This test, 
however, is not readily available at some centers. 

In those patients with pregnancies of viable gestation 
(>24 weeks), early and continuous fetal monitoring for 12 
to 24 hours, regardless of the degree of injury severity is 
essential to allow early detection of fetal distress and ap- 
propriate intervention. This duration of fetal monitoring 
seems to be appropriate in light of our findings that only 
one case of fetal loss, not associated with maternal death, 
and one case of abruptio placentae occurred at greater 
than 24 hours after injury. Others have suggested that as 
little as 4 hours of monitoring is sufficient. 

Diagnostic peritoneal lavage, in experienced hands, was 
found to be a safe and accurate procedure in pregnant pa- 
tients. The majority of procedures were performed on 
patients in the later stages of pregnancy. The accuracy rate 
obtained is within the generally accepted range.® The one 
false-negative result was in a patient with an indeterminate 
cell count. Of such patients, 51% to 67% may have abdom- 
inal injuries.” The one complication noted was technical 
and of minor consequence. One patient was noted to have 
an insignificant uterine ligament laceration. Whether this 
was directly attributable to the DPL, the primary mechanism 
of injury, or the use of a lap belt cannot be determined. The 
rate of fetal loss was higher in patients who were undergo- 
ing DPL; however, these patients were also more severely 
injured and more frequently manifested evidence of shock 
and hypoxia. Both these confounding factors prevented the 
inference of a causal relationship between DPL and fetal loss 
based on these findings. The safety and accuracy of this 
procedure in the pregnant patient has also been confirmed 
by others.” The gravid uterus should not be a contraindica- 
tion to DPL as has been suggested. 

The use of seat belts has been shown to reduce mortality 
and severity of injury in occupants of automobiles involved 
in collisions.“ *' However, there are questions about the ef- 
fect of seat belt use in pregnancy. Crosby and Costiloe® 
found that fetal and maternal death rates were significantly 
reduced when unbelted mothers were not ejected from the 
vehicle. However, no statistically significant reduction or 
increase in maternal death or fetal loss could be demon- 
strated between belted and unbelted groups.‘ The conven- 
tional lap belt has been implicated as the causative agent in 
a number of uteroplacental and fetal injuries, + while 
three-point restraints significantly reduced fetal death in 
pregnant baboons when compared with lap belts alone.® 

In 1988, the National Highway Traffic Safety Administra- 
tion reported safety belt use in states with mandatory seat 
belt laws to average 50%. Use rates varied widely from 29% 
to 73%. In cities without seat belt laws in effect, belt use was 
reported to be 34%.* Seat belt use by pregnant women in 
this study was 35%. This is lower than the national average 
and significantly less than the 76% use rate in pregnant 
women reported by Pearlman et al.” Our findings may be 
explained, in part, by the fact that the majority of these pa- 
tients had their collisions before institution of a mandatory 
seat belt law in Maryland. However, the low rate of use may 
be related to maternal fear that use of seat belts may 
contribute to pregnancy loss in the event of collision. Data 
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from this study support the findings from the study of 
Crosby and Costiloe® that no difference in maternal death or 
fetal loss exists between belted and unbelted pregnant 
women involved in automobile collisions. Unfortunately, 
information on type of restraint, proper application, seating 
position, nature of collision, and size of vehicle was not 
readily obtainable. These have all been shown to be impor- 
tant factors that determine maternal and fetal injury.“ 
High-velocity impact forces and the forces of a “broadside” 
collision are difficult to dissipate before impact on the occu- 
pant regardless of vehicle design and occupant protection. 
Contact with the steering wheel on impact is not always 
avoidable in the term or near-term pregnant driver even 
with seat belt use. Despite these facts, in the absence of de- 
finitive proof that restraints affect fetal outcome, it seems 
prudent to continue to recommend and instruct pregnant 
women in the proper use of seat belts when they are trav- 
eling in an automobile. 
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è A multicenter study involving three American College of 
Surgeons Level 1 trauma centers was undertaken to assess 
parameters that may predict fetal outcome. The records of 
93 injured pregnant patients admitted from April 1, 1985, 
to March 31, 1990, were reviewed. There were three ma- 
ternal deaths (3%) (mean Injury Severity Score, 43). Four- 
teen fetal/neonatal deaths (15%) occurred during the acute 
care admission period. Of these, eight were fetal deaths 
(two associated with maternal death), four were cases of 
elective abortions, and two were neonatal deaths. In 
general, the maternal physiologic and laboratory parame- 
ters assessed failed to accurately predict pregnancy out- 
come, while Injury Severity Score did differ significantly 
between patients whose pregnancies were viable (Injury 
Severity Score=6.2) and these whose pregnancies were 
nonviable (Injury Severity Score=21.6). Unique to this 
study were the findings that the Glasgow Coma Score also 
differed significantly in patients with viable (Glasgow Coma 
Score, 14.5) and nonviable (Glasgow Coma Score, 12.0) 
pregnancies, while fetal heart rate at admission to the 
emergency department did not. In this study, the incidence 
of fetal death was increased following direct uteroplacen- 
tal fetal injury (100% of cases), maternal shock (67%), pel- 
vic fracture (57%), severe head injury (56%), and hypoxia 
(33%). The adequacy of noninvasive maternal monitoring in 
assessing fetal well-being is challenged, and a discussion of 
diagnostic modalities for assessment for the injured gravida 
is set forth. 
(Arch Surg. 1991;126:1079-1086) 


[' has been estimated that trauma complicates 6% to 7% 

of pregnancies’ and that 0.3% to 0.4% of pregnant 
women require hospitalization following trauma.* De- 
spite this incidence, previously published, related studies 
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involved small samples and reached few specific conclu- 
sions, except for the general concepts that the degree of 
maternal injury affects the probability of fetal survival and 
that the best chance for fetal survival is to ensure mater- 
nal survival. While these concepts are widely accepted, 
the greater reported incidence of fetal deaths compared 
with maternal deaths (ratio, 3:1 to 9:1) in previous 
studies** implies that maternal survival alone is insuffi- 
cient to ensure well-being. Other authors**® have found 
the maternal Injury Severity Score (ISS) useful in predict- 
ing fetal outcome, but the predictive value of fetal param- 
eters, such as fetal heart rate (FHR), has not been reported 
previously, to our knowledge. 

A multicenter review of trauma in pregnancy was un- 
dertaken to assess the value of FHR and maternal admis- 
sion physiologic and laboratory parameters in predicting 
fetal survival, to evaluate the current care of the injured 
pregnant patient, and, possibly, to identify areas in which 
changes in treatment of the injured woman may affect fe- 
tal outcome. 


MATERIALS AND METHODS 


The study included all pregnant patients admitted to three 
American College of Surgeons—designated Level 1 trauma cen- 
ters, ie, the Washington (DC) Hospital Center, Vanderbilt Uni- 
versity, Nashville, Tenn, and the San Francisco (Calif) General 
Hospital, during the 5-year period from April 1, 1985, to March 
31, 1990. Data were gathered from a retrospective review of hos- 
pital records of patients admitted for trauma and on subsequent 
admissions, a review of hospital obstetric and birth records, and 
telephone interviews with the study patients. Emergency de- 
partment (ED) admission values were collected for the following: 
maternal age, parity, clinically estimated gestational age (EGA), 
vital signs, Glasgow Coma Score (GCS), arterial blood gas (ABG) 
analysis, Kleihauer-Betke (KB) smears, hematocrit, alcohol and 
toxicology screens, and fetal heart rate (FHR). 

The mechanism of injury was recorded, as were the diagnos- 
tic techniques employed, discharge diagnoses, surgical proce- 
dures performed (including date and time), and delivery data (ie, 
route, date, time, and whether an emergency). Lengths of stay 
(ie, maternal, neonatal, and intensive care unit [ICU]) and sur- 
vival (maternal and fetus) were recorded at acute care discharge. 
Long-term outcomes were recorded when ascertainable. 

Maternal ISS was determined retrospectively at each institu- 
tion using the Abbreviated Injury Scale (AIS), 1985 revision.’ In- 
jury coding and ISS calculation were performed by knowledge- 
able personnel responsible for maintaining the trauma 
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Table 1.— Maternal Data* | 


Trimester Distributions Mean Mean 
Mean No. (%) of Patients (Range) (Range) Mean 
Trauma Mean EGA, Se Hospital ICU (Range) 
Center (Range) wk 1 3 Stay, d Stay, d ISS 





1 (n= 36) 
2 (n=33) 
3 (n=24) 
Total (n=93) 


23.8 (15-37) 
25.5 (18-42) 
25.0 (16-42) 
24.8 (15-42) 


10 (28) 
17 (52) 
3 (12) 
30 (32) 


12 (38) 
8 (24) 
S (21) 
25 (27) 






la (39) 
& (24) 
1€ (67) 
3E (41) 


7.3 (1-28) 
9.2 (1-76) 
4.0 (1-26) 
7.1 (1-76) 


4.9 (n=14) 
1.0 (n=8) 
1.5 (n=2) 
3.3 (n=24) 


12.8 (1-75) 
7.5 (1-27) 
3.3 (1-16) 
8.5 (1-75) 





*EGA indicates estimated gestational age; ICU, intensive care unit; and ISS, Injury severity Score. 


registries at the respective trauma centers. Comparisons of 
means are based on Welch’s t test. For variables differing signif- 
icantly (P<.05) between mothers with fetal survivors and those 
with nonsurvivors, cutoff points were selected to maximize the 
negative predictive values (for example, the probability of the 
fetus not dying when the variable value is less serious than the 
cutoff value). 


RESULTS 


During the study period, 96 injured pregnant patients 
were admitted to the participating trauma centers. The 
medical records of 93 of these patients were available for 
review. The sample included two twin pregnancies, 
which were considered as two single pregnancies in the 
analyses. 

Maternal data by trauma center and for the entire sam- 
ple is summarized in Table 1. The 24 patients admitted to 
ICUs had a mean stay of 3.3 days. Although considerable 
causal variation occurred among the three trauma centers, 
vehicular accidents were most frequent (63 [68%] of 93 
patients) (Table 2). 

Three maternal deaths (3%) occurred during the acute 
care admission period. Clinical and demographic data for 
these nonsurviving patients are presented in Table 3. The 
first patient died of multiple injuries sustained in a motor 
vehicle accident (MVA), the second died of gunshot 
wounds (GSWs) to the cervical spine and spinal cord, and 
the third died of a GSW to the head. A premortem emer- 
gency cesarean section performed on patient 1 resulted in 
a viable neonate. The remaining two fetuses did not sur- 
vive. 

Fourteen (15%) fetal/neonatal deaths occurred during 
the acute care admission period, and except where 
specifically noted, these cases are the basis of analyses 
regarding pregnancy outcome. Of these 14 deaths, eight 
were fetal deaths (57%) (two associated with maternal 
death), four (29%) were cases of elective abortions, and 
two (14%) were neonatal deaths (Table 4). Nonviable 
pregnancy distribution by trimester is shown in Table 5. 
Three additional elective abortions and one infant death 
were documented in long-term follow-up subsequent to 
acute care discharge (Table 6). These were considered vi- 
able pregnancies in analyses. Long-term pregnancy out- 
come was discovered for only 39 (42%) of 93 patients in 
the study population, 21 (23%) of whom had living infants 
and 18 (19%) had nonsurviving infants. 

In this study, maternal shock, defined as a systolic 
blood pressure of less than or equal to 90 mm Hg and a 
heart rate greater than or equal to 100 beats/min was noted 
on admission in three patients having a mean ISS of 15. 
Of these, two with previable first and second trimester 
pregnancies experienced pregnancy loss (Table 4; patients 
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Trauma Center, 
No. (%) of Patients 
—_————— vot 


1 2* 3 


Total 


Mechanism (n=36) (n=33) (n=24) (n=93) 


28 (78) 23 (70) (60) 
Motoacycle accident (3) (2) 


Automobile accident 


Pedesrian struck (9) (5) 
Gunshot wound (6) (6) 
Stab wound (3) (2) 
Fall (3) (10) 
Blunt assault (6) (11) 
Burn (1) 
Other (3) (2) 
*One patient was injured by both gunshot and blunt assault. 


Table 3.— Maternal Deaths* | 










SBP, EGA, Fetal 
Cente- Age, y mm Hg Mechanism GCS ISS wk Outcome 
Survived 


Died 
Died 






*All patents were hyperventilated on admission, and respiratory rate 
was not documented. SBP indicates systolic blood pressure; GCS, 
Glasgow Coma Score; ISS, Injury Severity Score; EGA; estimated 
gestationa age; MVA, motor vehicle accident; and GSW, gunshot wound. 


3 and 7, and one patient (EGA, 33 weeks) underwent 
successf.l cesarean section. Three patients with a mean 

ISS of 18 7 were hypoxic on admission, which was defined 
as PaO, of less than or equal to 70 mm Hg. One patient 
in this group underwent elective abortion (Table 4, patient 
3). Of the total sample group, seven patients with a mean 
ISS of 17.1 suffered pelvic fractures. Four (57%) of these 
patients nad nonviable pregnancies (Table 4; patients 1, 4, 
8, and 11). Nine patients had severe head injuries, defined 
as AIS-&5 scoring system head injury scores of 3 or 
greater, with five subsequently losing their fetuses (Table 


7): 

Sixty-rine patients (74%) underwent diagnostic radi- 
ography, the most commonly employed diagnostic mo- 
dality, one or more times. Pelvic ultrasonography was 
performed in 67 patients (72%), and was the most 
commonmodality used specifically to evaluate pregnancy 
viability. Thirty-two patients (34%) underwent computed 
tomography (CT) of the head, 16 (17%) underwent 
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Table 4.—Nonviable yle Pr 
Mechinnan 
Patient EGA, of 
No. = wk Injury 












GCS ISS Comments 











Elective abortion; 
head injury, pelvic 
fracture, surgery 






AMP 15 4 Spontaneous abortion; 


surgery 








Elective abortion; 
lumbosacral plexus 
injury, shock, 
hypoxia, surgery 


Elective abortion; 
head injury, pelvic 
fracture, cocaine 

use 


Maternal death; head 
injury 

Spontaneous abortion; 
head injury, surgery, 
alcohol use 


GSW 1S 25 








MVA & 27 









MVA 7 34 






GSW NR 16 Death in utero; uterine 
injury, shock, 


surgery, Cocaine use 







MUA 15 9 Elective abortion; 
premature rupture 
of membranes, 


pelvic fracture 


Maternal death; head 
injury 









MWA 15 17 Death in utero; 


alcohol use 





Neonatal death after 
emergency cesarean 
section; pelvic 
fracture, surgery 


MVA 15 









12 29 Death in utero; 
FHR =0 on 


admission 


Neonatal death after 
emergency cesarean 
section; placenta 
previa, 10% 
abruptio placenta 













14+ 31 Assault 15 1 Death in utero; 
FHR=Oon 
admission, cocaine 
use, abruptio 


placenta 











*EGA indicates estimated gestational age; GCS, Glasgow Coma Score; 
ISS, Injury Severity Scare; MVA, motor vehicle accident; AMP, paper- 
cutter amputation; GSW, gunshot wound; NR, not recorded; and FHR, 
fetal heart rate. 

tNonviable pregnancy with ISS <9. 

+Surgery performed before fetal death/delivery. 


abdominal/pelvic CT, and six (6%) underwent diagnostic 
peritoneal lavage. Thirty-nine patients (42%) underwent 
cardiotocographic monitoring (CTM) during their trauma 
admission, including 26 (76%) of the 34 patients whose 
fetuses were at 28 weeks’ EGA or more. Two KB smears 
were performed, both of which detected fetal cells. 
Twenty-three patients (25%) underwent one or more of 
the following nonobstetrical surgical procedures: 15 or- 
thopedic (16%), four abdominal (4%), and one thoracic 
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Trimester, No. of Nonviable Pregnancies/ 
No. of Pregnancies (%) 













Trauma 1 2 3 
Center (1-13 wk) (14-26 wk) (>26 wk) 


1 (n=36) 3/10 (30) 3/12 (25) 1/14 (7) 
























2 (n=33) 3/17 (18) 0/8 2/8 (25) 
3 (n=24) 0/3 1/5 (20) 1/16 (6) 
Total (n=93) 6/30 (20) 4/25 (16) 4/38 (11) 









Table 6.—Late Fetal and Infant Deaths* 


Patient Mechanism EGA, 
No. of Injury wk GCS ISS Comments 


1 MVA 6 15 5 Late elective 
abortion; 
alcohol use 






2 Struck by motor orgs 1 Late elective 









vehicle abortion; 
abdominal-wall 
contusion 
3 GSW and 13 15 20 Late elective 
Assault abortion; major 
surgery 
4 MVA 37 15 1 Infant death; false 






labor during 
trauma 
admission 






“EGA indicates estimated gestational age; GCS, G lasgow Coma Score; 
ISS, Injury Severity Score; MVA, motor vehicle accident; and GSW, 
gunshot wound. 


(1%) procedure; three procedures for care of wounds/ 
burns (3%); and two tracheostomies (2%). Many ED pro- 
cedures were also performed, including débridement and 
suturing of wounds, tube thoracostomies, closed fracture 
reductions, and ventriculostomy placement. Five cesar- 
ean sections were performed (Table 8). 

On admission, eight (13%) of 62 patients tested had 
detectable levels of blood alcohol. All eight had been in 
MVAs, and two (25%) of these eight patients had nonvi- 
able pregnancies. Of the 54 patients tested with no 
detectable blood alcohol, nine (17%) had nonviable preg- 
nancies (no statistically significant difference). One addi- 
tional patient with an admission blood alcohol level of 215 
mmol/L underwent a therapeutic abortion subsequent to 
trauma admission. The mean ISS for the alcohol and 
nonalcohol groups was 14.2 and 10.4, respectively. 

Five (12%) of 43 patients who underwent toxicology 
screening on admission had detectable levels of cocaine, 
one of whom also had detectable diazepam and narcotic. 
Causes of injury for these five patients included two blunt 
assaults, one stab wound, one fall, and one MVA. Two 
(40% ) of these five patients had nonviable pregnancies. Of 
the 38 patients with negative toxicology results, seven 
(18%) had nonviable pregnancies (no Statistically signifi- 
cant difference). The mean ISSs for the toxicology-positive 
and toxicology-negative groups were 9.2 and 9.0, respec- 
tively. 

Comparisons of admission parameters and ISSs for pa- 
tients with nonviable and viable pregnancies demon- 
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AIS-85 
Patient Head 
No. Trimester Injury Score 










Death 














*No patient had hypoxia or shock on admission. ISS indicates Injury S 


no; and plus sign, yes. 








Time 


Until Indication, 
Patient EGA, Delivery, Comments, and 
No. wk ISS GCS FHR h:mint Results 




































140 Indication: CTM, 
doppler; 
neonatal 
death, fetal 
prematurity, 
maternal 


pelvic fracture 


Indication: CTM; 
neonatal 
death, 10% 
abruptio 
placenta, 
prenatal 
asphyxia 





2 30 9 15. T30 E FA 


Indication: 
ultrasound; 
maternal 
death, healthy 

neonate 

delivered 


Indication: CTM; 
maternal 
shock, healthy 
neonate 
delivered, 
exploratory 
laparotomy 
done before 
cesarean 

section 


Indication: CTM; 
healthy 


neonate 
delivered 


*EGA indicates estimated gestational age; ISS, Injury Severity Score; 
GCS, Glasgow Coma Score; FHR, fetal heart rate; CTM, cardiotocogra- 
phic monitoring. 

+Times were measured from emergency department arrival until 
delivery. 


3 30 25 4 60 0:47 






strated that only ISS and GCS differed significantly 
(P<.05). The mean ISS in patients with nonviable and vi- 
able pregnancies was 21.6 and 6.2, respectively (P<.005). 
An ISS of 4 or greater predicted a nonviable pregnancy 
with a sensitivity of .929, specificity of .380, positive pre- 
dictive value of .210, and negative predictive value of 
0.968. However, a cutoff ISS of 9 or greater resulted in a 
sensitivity of .857, specificity of .709, positive predictive 
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Table 7.—Severe Head Injury and Nonwiable Pregnancies* 


Maternal 


everity Score; AIS-85, Abbreviated Injury Scale, 1985 revision; minus sign, 






Maternal Drug and 
Utersplacental Pelvic Maternal Alcohol 
Fetal Injury Fracture Surgery Use 











value of .343, and an essentially unchanged negative pre- 
dictive value of .966. Two patients with ISSs of less than 
9 had ronviable pregnancies (Table 4; patients 2 and 14). 
No patent with an ISS greater than 30 (n=2) had a sur- 
viving etus. 

The mean GCS in patients with nonviable and viable 
pregnancies was 12.0 and 14.5, respectively (P<.025). A 
GCS of 9 or less predicted a nonviable pregnancy with a 
sensitivity of .308, specificity of .974, positive predictive 
value cf .667, and negative predictive value of .893. 
Howeve>r, there was little change in negative predictive 
value (390) using a cutoff GCS of 12 or less, which may 
includemore injured pregnant patients at risk of fetal loss. 


COMMENT 

The complexity of physiologic changes during preg- 
nancy and the lack of simple, noninvasive means to 
investigate them have hindered the study of injured 
pregnant patients. Some physiologic changes have been 
well cheracterized, such as the increases in cardiac output 
and ute-ine blood flow (largely due to a 10-fold decrease 
in uterime vascular resistance near term). Maternal intra- 
vascula> volume progressively increases by 40% to 55% 
from th2 sixth to the 34th week of gestation.” This hy- 
pervolemia may initially improve maternal tolerance of 
hemorrhage, but it also delays the appearance of signs 
and symptoms of shock. Animal studies have demon- 
strated -hat maternal heart rate and blood pressure may 
remain within normal ranges during a 20% acute blood 
loss or curing a more gradual loss of 30% to 35% of esti- 
mated total blood volume.” 

Maintenance of maternal systemic circulation following 
hypoxia or hemorrhage is accomplished, at least in part, 
at the expense of uterine circulation. Several animal stud- 
ies have documented marked increases in uterine vascu- 
lar resiscance, decreased uterine blood flow, decreased 
fetal PaO,, and fetal oxygen consumption in response to 
maternal hemorrhage or hypoxia.*’*” Similar effects have 
been documented experimentally following administra- 
tion of a-adrenergic compounds, such as epinephrine and 
norepinephrine,’ and following sympathetic nervous 
system stimulation,” all of which are markedly increased 
by hypowolemic shock. Fetal heart rate briefly increases, 
then decreases, in response to maternal hemorrhage, re- 
turning -o baseline after repletion with blood. Improve- 
ment in FHR and fetal PaO, are delayed and incomplete 
in animels resuscitated with 6% dextran or saline rather 
than bleod, attesting to the importance of restoring 
oxygen-earrying capacity as well as blood volume.'** 
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Admission Predictors of Fetal Survival 

With these studiesin mind, it is not surprising that in this 
study and in the recent study by Hoff et alf maternal phys- 
iologic and laboratory parameters on admission did not ac- 
curately discriminate between viable and nonviable preg- 
nancies. Although GCS demonstrated a low sensitivity 
(.308) of predicting fetal death in the present study, its value 
is maintained because of its simplicity and immediate avail- 
ability. The ISS also differed significantly between patients 
with nonviable and viable pregnancies, consistent with the 
findings of others.**° Because ISS is based on final anatomic 
diagnoses, it is unavailable at the time of admission for pre- 
diction of pregnancy outcome. Some have reported, how- 
ever, that accurate estimates of the final ISS may be made for 
the majority of injured patients during the first 24 hours fol- 
lowing hospital admission.’*'’ This may add credibility to its 
early predictive use. 

Our hypothesis that FHR and base excess (deficit) 
would reflect intrauterine physiology following trauma 
and predict pregnancy outcome was not supported by the 
results of this study. There was a difference in the mean 
FHR between patients with viable and nonviable preg- 
nancies (139.0 vs 116.3), but this difference failed to 
achieve statistical significance. Excluding the two patients 
whose admission FHRs were 0 (and whose fetuses were 
dead on ED arrival), the difference would have been fur- 
ther narrowed. As noted previously, high admission FHR 
values may be expected for patients arriving at the ED 
soon after the start of maternal hemorrhage. Further- 
more, obstetric practice in the nontrauma setting has 
documented baseline FHR to be less predictive of fetal 
stress than baseline variability and periodic change as- 
sessment of the FHR.” Lack of knowledge of baseline 
FHR prior to trauma and the wide variability (20/min) of 
FHR under normal physiologic conditions”! further de- 
grade the predictive utility of admission FHRs. Never- 
theless, a different study method, perhaps one compar- 
ing measured FHR toa theoretical normal FHR for a given 
EGA or to a second FHR measurement following 1 hour 
of resuscitation, may yield different results. 

The evaluation of admission base excess (deficit) as a pre- 
dictor of fetal outceme was restricted in this study because 
ABG results were not obtained for the less severely injured 
patients. The mean ISS for the 43 patients who had ABG re- 
sults was 14.4 vs 3.4 for the 50 patients who did not undergo 
ABG analysis on admission. Complete data for the less se- 
verely injured patients may have yielded different results. 
Additionally, considering trimester physiologic variations, a 
sample population large enough to allow trimester stratifi- 
cation may be required to fully assess these parameters. 
Based on the results of this study, then, the usefulness of 
admission FHR and base deficit as predictors of pregnancy 
outcome cannot be excluded. 


OQutcome/Care Assessment 


Patient and pregnancy outcomes in this study appear 
consistent with those predicted by standard available cri- 
teria. Using TRISS (an index based on the Trauma Score, 
ISS, and age of the patient),“~ two of the three maternal 
deaths in this study were determined to have been 
expected. The third death, following a severe closed-head 
injury, while unexpected, was possibly so because of rec- 
ognized limitations :n TRISS outcome predictions for se- 
verely head-injured patients.” The incidence of nonviable 
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pregnancy in this study was similar to that in other com- 
parable reported series.™® However, incomplete informa- 
tion regarding long-term pregnancy outcome was a rec- 
ognized limitation of this and many other studies. 

Reexamination of the events associated with the non- 
viable pregnancies in this study might help provide guid- 
ance for future research. Fetal death after trauma can be 
secondary to direct uteroplacental fetal injury, including 
fetal trauma, placental trauma, or uterine trauma; indirect 
effects of maternal trauma, including maternal injury (ie, 
death, hypoxia, hypovolemia, pelvic fracture, and head 
injury) and iatrogenic injury (ie, medications, diagnostic 
radiation, and surgery/anesthesia); or synchronous 
events unrelated to the traumatic event, including spon- 
taneous abortion in the first trimester, substance abuse 
(ie, alcohol, drugs, and cigarettes), preexisting fetal or 
maternal disease, obstetrical complications, nontraumatic 
maternal death, and fad diets. 


Direct Uteroplacental Fetal Trauma 
Resulting in Fetal Death 


Four patients in this study suffered trauma that may 
have resulted in direct uteroplacental fetal injury (Table 4; 
patients 7, 8, 13, and 14). Patient 7 had a nonpenetrating 
uterine GSW, with fetal death occurring several days 
later. Patient 8 had premature rupture of membranes fol- 
lowing a MVA, and elected to undergo therapeutic abor- 
tion by dilatation and curettage. The CTM of patient 13 
demonstrated fetal distress necessitating an emergency 
cesarean section. Her child died of fetal asphyxia and 
prematurity. Postmortem examination demonstrated 
abruptio placentae. Patient 14 presented several days af- 
ter undergoing a blunt assault with abdominal contusion; 
her FHR was 0. Abruptio placentae was noted on deliv- 
ery, which may have been related to abdominal trauma or 
to cocaine use.” 

Abruptio placentae is the most common cause of fetal 
death following blunt trauma with maternal survival.” 
Since few nonsurviving fetuses underwent postmortem 
examination, the number of fetal deaths attributed to di- 
rect uteroplacental fetal injury in this study may have 
been underestimated. Nevertheless, prevention currently 
remains the primary focus of efforts to limit fetal 
morbidity/mortality from direct injury to the uteroplacen- 
tal fetal unit. 


Trauma Indirectly Resulting in Pregnancy Termination 


Indirect causes of fetal death were observed more often in 
patients in this study. Two patients (Table 4; patients 5 and 
9) died with first and second trimester fetuses of previable 
ages. Four others (Table 4; patients 1, 3, 4, and 8) underwent 
elective abortions, possibly because of the potential effects 
of the mother’s injuries, medications, surgery/anesthesia, or 
exposure to radiation during diagnostic radiography. Con- 
sidering all 18 nonviable pregnancies (acute care admission 
plus long-term), seven (39%) were cases of elective abor- 
tions. The high combined incidence of alcohol and cocaine 
use (25%) detected in the study population along with other 
nontrauma-related factors may have influenced the inci- 
dence of elective abortion. 

Several other maternal physiologic states and injuries 
have been previously associated with increased rates of 
fetal death following injury, including hypovolemic 
shock, hypoxia, acidosis, sepsis, severe burns, and pelvic 
fractures.**'°”™ The results of this study confirmed the 
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associations of maternal shock, hypoxia, and pelvic frac- 
ture with high rates of fetal death. 

Patients with severe head injuries and those undergo- 
ing surgery/anesthesia may also be at increased risk of fe- 
tal death. The potential effects of anesthesia and major 
surgery on the fetus for maternal injuries have been min- 
imized in other reports of trauma during pregnancy.°*”” 
Twenty patients, with a mean ISS of 18.0, underwent 
surgery/anesthesia while pregnant (two had suffered fe- 
tal death and one had successful delivery before surgery), 
with seven (35%) having nonviable pregnancies. This is in 
contrast to the eight nonviable pregnancies (11%) among 
the 70 patients who did not undergo surgery/anesthesia. 
The mean ISS of the group of patients who were not op- 
erated on was only 5.5, underscoring the difficulty in at- 
tributing the increased risk of fetal death to the surgical 
procedure or to the more severe injuries and maternal 
physiologic changes preceding it. 

Nevertheless, one patient (Table 4; patient 2), with an 
ISS of 4, underwent more than 12 hours of surgery with 
general anesthesia for reimplantation of multiple ampu- 
tated fingers and suffered a spontaneous abortion several 
hours later. While 10% to 20% of first trimester pregnan- 
cies uncomplicated by known trauma end in spontaneous 
abortion, the temporal relationship in this case is intrigu- 
ing, especially considering that there was no hypoxia, 
shock, or other obvious risk factor for this fetal death. Al- 
though a single case, this fetal death seems to challenge 
the current dogma concerning surgical procedures for the 
injured pregnant patient and raises doubts that mainte- 
nance of normal maternal vital signs during surgery en- 
sures normal uteroplacental fetal physiology. Variables 
such as the duration of surgery, the anatomic region(s) 
entered, transfusion requirements, and the anesthetic 
type and agent(s) used may also merit study. 

Five (56%) of nine patients in this study with severe 
head injuries had nonviable pregnancies, which may 
suggest a strong association between severe maternal 
head injury and fetal death. While the mean ISS for these 
patients was 27.7, none was hypoxic or in shock on 
admission. Lack of complete information about maternal 
condition before hospitalization, fetal cause of death, and 
fetal disease prohibits making further conclusions about 
the relationship between maternal head injury and fetal 
death in this study. However, experimental evidence 
suggests a possible causal basis for fetal death following 
maternal head injury in the absence of hypoxia or 
hypotension. 

Several authors have reported elevated arterial epi- 
nephrine and, especially, norepinephrine levels and in- 
creased sympathetic nervous system activity following 
severe head injuries and intracranial hemorrhage.” 
These elevations have also been shown to be proportional 
to the severity of the head injury, as judged by GCS.™ 
Prolonged increases in arterial catecholamines were seen 
in a greater percentage of the patients who eventually had 
poor neurologic outcomes.” The effects of sympathetic 
nervous system stimulation and norepinephrine on uter- 
ine blood flow and vascular resistance and fetal PaO, and 
oxygen consumption have been discussed in both the 
hemorrhagic (hypovolemic) and hypoxic (normovolemic) 
models. The normovolemic model may better fit the case 
of the isolated patient with head trauma. 

In theory, thromboxane and prostaglandins, vasocon- 
strictors released rapidly into the bloodstream following 


1084 Arch Surg—Vol 126, September 1991 


cerebrel ischemia and injury, could be other possible me- 
diatorsof decreased uterine blood flow, although this has 
not be2n studied, to our knowledge. These reasonable 
explanations as well as findings in this study (lower GCSs 
in the patient group with nonviable pregnancies and the 
high rate of fetal death in the patient group with AIS-85 
head irjury scores =3) support the conclusion that severe 
head irgury may be an important risk factor for fetal death. 


Assesment Issues Following Trauma During Pregnancy 


Seve-al interesting issues surrounding the initial eval- 
uations of the sample population surfaced in this review. 
Cardiotocographic monitoring was frequently, but not 
universally, used. Four of the urgent cesarean sections 
performed in this study were prompted by CTM data. 
However, five patients (ISS =1 in four and 6 in one) with 
potentially viable pregnancies (EGA, =28 weeks) had no 
record of fetal monitoring. While nearly all authors 
recommend CTM following even minimal trauma,* the 
ideal duration of monitoring has not been determined. 
Most would find 4 to 24 hours of CTM adequate for pa- 
tients o-herwise ready for hospital discharge. Even more 
controversial is the treatment of uterine contractions de- 
tected curing CTM following trauma. Pearlman et al” 
discoureged tocolysis, although it was used frequently in 
some s2ries.** They found that contractions ceased 
spontaneously in 90% of patients with frequent uterine 
contractions, and believed that regular uterine activity af- 
ter trauma resulted from abruptio placentae until proved 
otherwise. The role of tocolysis following maternal 
trauma ~emains undefined. 

The KB test was underused in the study population. In 
this test, following acid elution, red blood cells (RBCs) of 
a peripkeral maternal blood smear are counted. Fetal 
blood in the maternal circulation can be quantified using 
the ratic of stained (fetal) to unstained (maternal) RBCs 
counted in the smear and the estimated maternal blood 
volume. Because neither maternal injury severity nor 
uterine ectivity has been shown to be predictive of feto- 
materna transfusion, the KB test has been recommended 
for injused pregnant women beyond the first trimes- 
ter.2°° Fellowing trauma, the test may help determine the 
risk of isosensitization and the dosage of Rh-immune 
globulin in Rh-negative gravidas, as well as help identify 
fetal exsanguination. 

While possibly due to physician unfamiliarity with KB 
testing, anderuse of the test may also stem from its 
reported insensitivity and unreliability in the average 
laboratory.” As little as 0.01 to 0.03 mL of Rh-positive 
blood wil sensitize 70% of Rh-negative patients.*° This 
amount of fetomaternal hemorrhage represents one to 
three fete] RBCs in 500000 maternal RBCs, whereas stan- 
dard laberatories count only a fraction of this number 
(typically <10 000 RBCs). 

Depending on laboratory capabilities and until defini- 
tive stud_es are performed, a rational approach to feto- 
maternal hemorrhage following trauma to pregnant pa- 
tients might include performing the KB test on all patients 
in the seeond and third trimester and administering Rh- 
immune 2lobulin to all Rh-negative patients. The initial 
dose of Rh-immune globulin is 50 pg during the first tri- 
mester ard 300 yg thereafter.” The KB tests should then 
be repeated 24 hours later for patients with initially pos- 
itive KB smears to identify those with ongoing fetomater- 
nal hemorrhage and possible fetal exsanguination.* Ad- 
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ditional 300-ug doses of Rh-immune globulin should be 
administered for each 30 mL of fetomaternal transfu- 
sion.” 

In this study, there was considerable variation among 
the trauma centers in the use of diagnostic modalities to 
evaluate suspected abdominal/pelvic injury. One center 
performed 13 (87%) of the 15 abdominal/pelvic CT scans, 
while another center performed all six diagnostic perito- 
neal lavages. Diagnostic peritoneal lavage (open tech- 
nique) is reported to be safe and highly accurate follow- 
ing trauma during pregnancy.* However, clinical studies 
documenting the accuracy and safety of abdominal/pelvic 
CT scanning and comparing abdominal/pelvic CT scan- 
ning and diagnostic peritoneal lavage following trauma 
during pregnancy are unavailable. 

Abdominal/pelvicCT scans expose the fetus to between 
0.03 and 0.1 Gy, depending on such variables as the volt- 
age of the scanner, the number of scan “slices,” patient 
size, and others.” Teratogenic risks to the fetus are 
reported with radiation doses greater than 0.05 to 0.1 Gy 
during organogenesis from the second to eighth week 
following conception.““’ Therefore, use of diagnostic 
peritoneal lavage may be advantageous during the first 
trimester. While inereased risk of childhood and adult 
malignancies with lower doses has been reported in some 
epidemiologic studies, even the maximal theoretical risk 
is extremely small.“ Nevertheless, radiation exposure re- 
mains an emotionally charged and occasionally irratio- 
nally viewed issue by patients and some physicians. Un- 
til a definitive study (that may require national 
participation) is conducted, the choice of diagnostic mo- 
dality to evaluate gravidas with suspected abdominal/ 
pelvic injury will remain based on excellent clinical judg- 
ment. Indicated diagnostic or therapeutic procedures 
should be performed regardless of pregnancy status. 

In this retrospective review of injured pregnant pa- 
tients, a 3% maternal mortality rate was found, and 15% 
of fetuses died. In general, reviewed maternal admission 
parameters and laboratory test results failed to accurately 
predict pregnancy eutcome, while ISS did differ signifi- 
cantly between patients whose pregnancies were viable 
and those that were nonviable, confirming the results of 
others. Unique to this study were the findings that the 
mean GCS differed significantly between patients with 
viable and nonviable pregnancies, while the mean ad- 
mission FHR did net. Direct injuries to the uteroplacental 
fetal unit and maternal death, hypoxia, shock, pelvic 
fracture, and severe head injury were identified as condi- 
tions associated with increased risks of fetal death in this 
study. Particularly when these conditions are present, 
maternal monitoring by standard noninvasive techniques 
during resuscitation and surgical procedures may be in- 
adequate to assure ‘etal well-being, and additional mon- 
itoring techniques mav be required. 


Dr Knudson wishes to acknowledge The Center for Injury 
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Surgical Anatomy Question 


O The left gastric artery is the smallest of the three branches of the ce- 
liac artery, and the splenic artery is the largest branch. [True or False?] 


A [naL] 


Grant JCB. A Method of Anatomy. 5th ed. Baltimore, vid: Williams & Wilkins; 1952:255. 
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Intravascular Plastic Catheters 


How They Potentiate Tumor Necrosis Factor Release and Exacerbate 
Complications Associated With Sepsis 


Louis F£. Martin, MD; Thomas C. Vary, PhD; Paul K. Davis, MD; Bryce L. Munger, MD; 
James C. Lynch, MS; Sheila Spangler, MT, ASCP; Daniel G. Remick, MD 


® We tested the hypothesis that long-term intravascular 
cannulation exacerbates the harmful effects of an infectious 
challenge. Four groups of rats were initially studied: rats 
without intravascular catheters or infection (group 1), rats 
without catheters with a polymicrobial infection (group 2), 
rats with catheters but no infection (group 3), and rats with 
catheters and infection (group 4). Infected animals had an 
increased mortality and generated a significantly increased 
tumor necrosis factor response compared with noninfected 
animals. Animals with catheters and infection generated far 
less cardiac output than animals from the other three 
groups. No histologic changes differentiated the four 
groups. Therefore, the presence of a sterile intravascular 
catheter significantly increases cardiac dysfunction and 
mortality rates in rats with chronic bacteremia. These 
results suggest that intravascular plastic catheters potenti- 
ate the destructive cascade of events produced by the host 
in response to bacteremia. 
(Arch Surg. 1991;126:1087-1093) 


A association between sepsis and organ dysfunction 
has been recognized for more than a decade.'? Re- 
cently, evidence has accumulated that suggests that the 
initial host response <o a bacterial challenge involves 
elaboration of a number of factors collectively called 
cytokines that are procuced by reticuloendothelial cells 
such as macrophages end monocytes.*> These cytokines 
include tumor necrosis factor (TNF), interleukin 1, inter- 
leukin 2, and interferon that assist in mounting the host’s 
attempt to eliminate the bacterial focus. It has become 
clear, however, that high concentrations of these cyto- 
kines, especially TNF, can initiate events that alter metab- 
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olism and cause cell dysfunction. Hence, the biologic 
processes that are designed to limit and cure infection or 
repair modest injuries can become lethal if the stimulus 
initiating the process is large or if priming events have 
occurred that affect the response to injury. 

Tumor necrosis factor release involves secretion by mac- 
rophages and increased synthesis of TNF.° Although TNF 
messenger RNA is present prior to any inflammatory chal- 
lenge, following a suitable stimulus, TNF release is en- 
hanced by increased gene transcription, translation, and 
secretion.” The anti-inflammatory action of glucocorti- 
coid hormones appears to be due to their ability to block 
the transcriptional and posttranscriptional steps neces- 
sary for TNF production.** Other factors that contribute to 
the marked individual variation in TNF release to standard 
infectious challenges’ still need to be identified. 

We became interested in examining the hypothesis that 
exposure to an implanted foreign body might exacerbate 
the magnitude of the metabolic response to an infectious 
challenge as a result of our work with a nonlethal model 
of chronic bacteremia. Using a subcutaneously implanted 
gauze sponge to produce a chronic sterile abscess cavity, 
we have shown that intermittent inoculation of this 
abscess cavity with bacteria produces a nonlethal bacter- 
emia without in vivo evidence of dysfunction or hyper- 
dynamic cardiovascular factors.!°!! When rat hearts are 
perfused in vitro, however, cardiac output is decreased in 
infected animals when compared with noninfected ani- 
mals." When long-term intravascular catheters are intro- 
duced to examine cardiac output in vivo, rats demonstrate 
a hyperdynamic cardiovascular state and the mortality 
rate rapidly rises to as high as 100% with certain bacterial 
strains.” 

We, therefore, chose to examine the hypothesis that 
long-term intravascular cannulation exacerbates the 
harmful effects of bacteremia, at least in part, because of 
an augmentation of the initial production of TNF leading 
to an increase in organ dysfunction and mortality. Our 
initial results suggested that differences in TNF produc- 
tion due to the presence of a catheter were associated with 
a significant increase in organ dysfunction and mortality 
following bacterial insult. We, therefore, also examined 
the effect of inoculation with anti-TNF antibody prior to 
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bacterial inoculation to more clearly determine whether a 
cause-effect relationship existed between the initial rise in 
TNF and organ dysfunction by meeting the criteria defin- 
ing cause-effect relationships suggested by Koch.” 


MATERIALS AND METHODS 
Animal Model 

The animal model used to examine our hypothesis was 
initially described by Mela-Riker and colleagues” who were at- 
tempting to produce a state of chronic sepsis in rats. All animals 
have a small sterile gauze sponge aseptically placed in their sub- 
cutaneous space near the tail creating a sterile inflammatory ab- 
scess cavity that fills with a transudate.'*”* This abscess cavity 
can then be contaminated with any variety of bacteria. To main- 
tain an infected cavity, bacteria have to be reintroduced into the 
cavity every 48 to 72 hours.'™" Under these circumstances, ran- 
dom blood cultures will demonstrate a bacteremia in most 
animals.'*!? In our experience, the integrity of the abscess cavity 
is maintained for a minimum of 16 days but by 21 days, more 
than half of the infected animals will slough the skin over the 
abscess cavity (L.F.M. and Timothy I. Musch, PhD, unpublished 
data, 1987). Mela-Riker and colleagues” cannulate the right in- 
ternal jugular vein and the left carotid artery to obtain cardiac 
output data. This cannulation produces hyperdynamic cardio- 
vascular factors and mortality” that are absent without cannu- 
lation. !°"! For this experiment, we chose to cannulate the left ca- 
rotid artery because in our experience it is associated with less 
morbidity and mortality than right internal jugular vein cannu- 
lation (L.F.M., unpublished data, 1986). To prevent transcuta- 
neous contamination of the plastic catheters we inserted in this 
experiment, we left the catheter that exited the artery in the sub- 
cutaneous space. 


Groups 


Experiment A. —Male Sprague-Dawley rats (280 to 345 g) were 
randomized to four groups in a 2 x 2 factorial design to examine 
the influence of the presence of an intravascular catheter and an 
infected abscess cavity (Fig 1). All animals were anesthetized 
with intraperitoneal phenobarbital sodium solution (35 mg/kg) 
and the left carotid artery was exposed using aseptic technique 
and cannulated with a 2-cm piece of polyethylene 10 tubing so 
that blood could be drawn for white blood cell (WBC) count and 
TNF. Animals randomized to groups 3 and 4 had the catheter 
secured in place in the artery with a 3-0 silk ligature and the di- 
stal end of the catheter melted to occlude it. Animals random- 
ized to groups 1 and 2 had the catheter removed and the artery 
ligated proximal to the arteriotomy. All wounds were closed 
with absorbable sutures. The animals were then placed in a 
prone position and a 5 x5-cm sterile gauze sponge was asepti- 
cally placed in the subcutaneous space near the tail by tunneling 
subcutaneously after making an incision over the shoulder 
area." All animals were then allowed to recover from the surgery 
for 5 days. 

On the sixth postoperative day, at time zero, animals in groups 
2 and 4 had their subcutaneous sterile abscess converted into a 
chronically infected abscess by injecting a pooled inocula of Es- 
cherichia coli, Bacteroides fragilis, and Staphyloccocus aureus into the 
gauze sponge." Each injection consisted of 1 mL of a solution 
containing 10° colony-forming units per milliliter of each of the 
three species of bacteria. Animals in groups 2 and 4 had their 
abscess cavities reinoculated every 48 hours as previously 
described.” 

All animals were anesthetized with a 2% halothane-oxygen 
mixture just prior to time zero to obtain a WBC count and a por- 
tion of each group was reanesthetized at 2, 6, or 24 hours after 
time zero using the halothane-oxygen mixture to obtain samples 
for TNF level. All blood was obtained by percutaneous subcla- 
vian phlebotomy and animals received 2 mL of 0.9% sodium 
chloride subcutaneously into the abdominal region for every 
milliliter of blood withdrawn during this 24-hour period. 
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Rabbit Serum With 
Anti-TNF Antibody 


Groups Infection Catheter 


Experiment A 


Experiment B 


Fig 1.—A graphic description of the experimental groups. Plus sign 
indicates the condition was present; minus sign, condition was ab- 
sent ; N4, not applicable—no rabbit serum was administered; and 
TNF, tumor necrosis factor. 


Experiment B. — Male Sprague-Dawley rats (290 to 425 g) were 
randomized to five groups in a 2 x3 factorial design (Fig 1). An- 
imals hed the same surgical procedures described for experiment 
A. On the sixth postoperative day, however, 30 minutes prior to 
time zero for bacterial inoculations, all animals received an 
intraperitoneal injection of 1 mL of either control rabbit serum 
samples (groups 1 through 4) or antimurine TNF rabbit serum 
samples (group 5). These TNF antibodies have previously been 
shown to neutralize TNF activity in vivo."* For this experiment, 
all animals were anesthetized with the halothane-oxygen mix- 
ture at tame zero to obtain a WBC count and 1 hour after time zero 
to obtain a TNF level. Again, animals in groups 2, 4, and 5 had 
their cavities reinoculated every 48 hours with bacteria. 


Repeated Measurements 


Expesiment A.—All animals had rectal temperatures and 
weights recorded before their initial operation, at time zero on 
the inoculation day, and every 48 hours thereafter until termi- 
nation. The WBC counts were obtained as described at their ini- 
tial operation, prior to inoculation (at time zero), and 14 days af- 
ter time zero at the termination of the experiment as described 
below. 


Expeximent B. — All animals had weights recorded and a WBC 
count drawn before their initial operation, at time zero, and 7 
days after time zero at the termination of this experiment. 


Terminal Measurements 


Expesiment A.—Fourteen days after time zero, all surviving 
animals were anesthetized with intraperitoneal phenobarbital 
sodium solution (35 mg/kg). Blood was obtained aseptically by 
percutaneous subclavian phlebotomy for WBC count and cul- 
ture. A sercutaneous sample of fluid from the subcutaneous ab- 
scess site was also obtained aseptically. The animals then 
underwent a rapid thoracotomy, the heart was isolated, excised, 
and immediately cooled in 25 mL of ice-cold Krebs-Hensleit so- 
lution containing heparin sodium (10 mg/L). The aorta and left 
pulmonary artery were cannulated and the heart was perfused 
by the Langendorff method with the buffer placed 80 cm above 
the aortc cannula as previously described by Neely et al. After 
an initial 10-minute Langendorff perfusion to remove blood and 
stabilize the preparation, the left atrial cannula was opened and 
there was a net ejection of fluid against the 80 cm H,O aortic 
pressure head. Aortic pressure was measured via a stainless steel 
side arm from the aortic outflow cannula as previously de- 
scribed.‘ In the working-heart preparation, increased ventricu- 
lar worE was achieved by raising the left atrial filling pressure 
from 15-to 25 cm H,O. Cardiac output (aortic outflow plus cor- 
onary flow) was measured at 5-minute intervals as previously 
described.!° While the hearts were undergoing the washout per- 
fusion, -he neck of each rat was aseptically explored surgically 
to obtain a culture of the left carotid artery segment just below 
the occlasion. In groups 3 and 4, this sample included the poly- 
ethylene 10 tubing. In each group, two animals had hearts 


Plastic Catheters— Martin et al 


removed for histologic 2xamination without being perfused. The 
anatomist examined all slides without being aware of the animal 
groups. 

Experiment B. —All animals were anesthetized with intraperi- 
toneal phenobarbital sodium solution (35 mg/kg) 7 days after 
time zero. Cultures and WBC count were obtained as described 
in experiment A. Hearts were obtained either for in vitro perfu- 
sion (eight per group) or histologic examination (two per group) 
as described in experiment A. 


Analysis of Specimens 

The blood, fluid, and tissue specimens were plated onto tryp- 
ticase soy agar, MacCenkey, and Brucella blood agar and incu- 
bated at 37°C under appropriate conditions for isolation of S au- 
reus.® Gram-negative lactose-fermenting bacilli isolated from 
MacConkey agar were identified as E coli and gram-negative, 
aerobic intolerant bacilli were identified as B fragilis.*° White 
blood cell counts were determined using standard counting 
chambers.” 

Tumor necrosis factor was measured in the serum by the 
WEHI 163 clone 13 assay as previously described." Briefly, the 
samples were diluted in RPMI 1640 tissue culture media supple- 
mented with 1% fetal calf serum, glutamine, and gentamicin. 
The cells were mixed with dactinomycin and added on top of the 
diluted samples. After overnight incubation, cell viability was 
determined by the metabolism of MTT tetrazolium [3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; thiazol 
blue]. Units were calculated based on a purified, recombinant 
human TNF standard run with each assay. 


Statistical Analysis 


Data are presented as mean+SEM for the continuous variables 
and frequencies for the categorical variables. The .05 level of sig- 
nificance was used for all statistical tests. All analyses were per- 
formed using SAS, version 6.03 (SAS Institute, Cary, NC), un- 
less indicated otherwise in the following paragraphs. 

Changes in body weight and temperature in experiment A 
were analyzed using the method for repeated measurements 
proposed by Diggle.'* This method uses a linear model for the 
time and treatment effects and a covariance structure that con- 
tains components for within-animal variance, between animal 
covariance, and serial correlation within animals. Models were 
fit by maximum likelihood using the S language” and compared 
with likelihood ratio tests. Temperature was also examined us- 
ing Hotelling T? for the profile across days and univariate t tests 
for each day individually using statistical software (BMDA, Uni- 
versity of California Press, Berkeley). 

One-way analysis ef variance (ANOVA) (experiment B) or 
two-way ANOVA (experiment A) were used to test for group 
effects on WBC or body weight. Pairwise comparisons among 
the groups were performed with the Student-Newman-Keuls 
procedure. Linear contrasts of the group means were used to test 
for the effects of infection, catheter, and TNF antibody. 

Because of the sparseness and frequent zeroes in the TNF 
measurements, they were dichotomized (zero, nonzero) for the 
analysis. In experiment A, each time period was examined sep- 
arately. The association between infection and TNE was inves- 
tigated using a MantebHeenszel statistic to adjust for the poten- 
tial effects of catheter in experiment A. Similarly, the association 
between catheter and TNF was examined adjusting for infection. 
In experiment B, 2 Mantel-Haenszel statistic was used to assess 
the relationship between TNF antibody and TNF level, adjust- 
ing for infection and catheter. Mantel-Haenszel statistics were 
also used to test the relationships between infection, catheter, 
and TNF antibody and culture results. 

In experiment A, heart function was analyzed as a contingency 
table: group vs heart function (normal, abnormal). Because of 
sparseness, Fisher's Exact Test was used to test for association. 
In experiment B, one-way ANOVA was used to examine the ef- 
fect of group on heart function with the Student-Newman-Keuls 
procedure used for pairwise comparisons. Because of the lack of 
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0.009864 
0.005585 


Common intercept 
Baseline time effect 0.05537 


Linear time 
Effect for catheter 


Effect for infection 


0.006343 
0.006343 
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— 0.01893 
— 0.03162 
— 0.003456 


Baseline quadratic time effect 


Quadratic time 


Effect for catheter 0.0008769 


0.0008769 


0.003575 


Effect for infection 0.001843 





censoring, the effect of group on survival in experiment A was 
analyzed using the Kruskal-Wallis Test. 


RESULTS 

The four different groups of animals gained weight at 
different rates. Exploratory data analysis indicated that a 
log transform was appropriate for body weight. A series 
of hierarchical models for log body weight were fit and, 
based on the likelihood ratio tests, we chose our final 
model. The effects included in our final model, with their 
estimates and SEs, are in Table 1. In summary, log body 
weight demonstrated a quadratic increase across time for 
all four groups during experiment A. There were neither 
non-time-dependent effects of either catheter or infection 
nor was there an interaction between catheter and infec- 
tion; their effects were additive. The equations for each 
group and the values for the various estimates are 
as follows: group 1 log (body weight) = 5.746+0.05537t — 
0.003456t*; group 2 log (body weight) = 5.746+0.03644t+ 
0.000119t*; group 3 log (body weight) =5.746+0.02375t x 
0.001613t*; and group 4 log (body weight) = 5.746+ 
0.00482t+0.001962¢?. 

From the time of surgery to the last day, group 1 ani- 
mals gained an average of 85.2+3.4 g; group 2 animals 
gained an average of 76.8+6.6 g; group 3 animals gained 
an average of 66.9+3.8 g; and group 4 animals gained an 
average of 45.8+3.6 g. During experiment B, weight gain 
between the day of surgery and the final day was similar 
to that seen in experiment A for each group with the 
group 5 animals gaining the least weight of any of the 
groups. 

In experiments A and B, WBC counts were similar at the 
initial operation and before bacterial inoculations at time 
zero. However, at the termination of experiments A and 
B, the groups were significantly different (P<.0006 for 
experiment A, P<.0001 for experiment B, overall F test). 
In experiment A, this result was due to the difference in 
mean WEC count between the two infected groups 
(24.5+2.6x10°/L) and the two noninfected groups 
(15.2+1.6 x 10°/L) (P<.0001). The presence of a catheter 
did not have an effect (P= .1736) nor was there a catheter 
by infection interaction (P = .1403). In experiment B, the 
infected groups (2, 4, and 5) again had significantly higher 
WBC counts (P<.0001). There were also no catheter 
effects in experiment B. 

Temperature curves were examined only in experiment 
A. Based on the results of our modeling, we found no effect 
of catheter on temperature (P = .7866). Our modeling also 
suggested that the relationship between temperature and 
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infection was nonlinear, so we examined the relationship 
cross sectionally. Using Hotelling’s T?, we found a signifi- 
cant difference (P = .05) in the mean temperature profile be- 
tween the infected (groups 2 and 4) and the noninfected 
(groups 1 and 3) groups. Univariable F tests found the mean 
temperature to be significantly different between infected 
and noninfected groups on only 2 of the 6 days it was mea- 
sured, 48 hours after inoculation (defined as zero time) 
(P<.01) and 288 hours after time zero (P<.05). 

None of the 12 baseline measurements were positive for 
TNE (Fig 2). In experiment A, the frequency of samples 
positive for TNF was compared at 2, 6, and 24 hours. At 
2 hours, there was a significant association between pos- 
itive TNE level and the presence of infection (P<.03) in- 
dicating differences among the groups. In the noninfected 
groups, only one sample at 6 hours was positive for TNF 
and this was obtained from an animal that also had a 
sample drawn at 2 hours that was negative for TNF (two 
rats in groups 1 and 3 were sampled twice while the other 
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Fig 2.— Tumor necrosis factor ( TNF) levels in a portion of the animals 
in each group at different times for experiments A and Bas indicated 
in the “Materials and Methods” section. For the 1-hour postinjec- 
tion values, the scale is a logarithmic scale while the other scales are 
not logarithmic. 
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Table 2.— Culture Results at Termination 


anima s were sampled only once). In groups 2 and 4, all 
10 animals were sampled twice (one at 2 hours and at ei- 
ther 6 or 24 hours). Six rats in group 2 and four rats in 
group 4 had two negative samples each. One animal in 
both groups 2 and 4 had a positive sample at 6 hours after 
a negative sample at 2 hours (in group 4 this 6-hour sam- 
ple wes barely positive). No animal in group 2 had two 
positive samples while three animals in group 4 had two 
positive samples with each 2-hour sample demonstrating 
an order of magnitude higher level of TNF than the later 
sample. At the 2-hour sampling time, group 2 animals had 
a mean serum TNF level of 0.3 ng/mL while the mean for 
group 4 was 1.6 ng/mL. 

In experiment B, each animal was sampled only at | 
hour <fter injection of bacteria. Group 2 animals had a 
mean serum TNE level of 130 ng/mL while the mean for 
group 4 was 510 ng/mL. A significant association was 
noted between samples positive for the presence of TNF 
and administration of TNF antibody, after adjusting for 
preserce of catheter and infection (P<.01), indicating 
group 5 is different from the others. 

Although TNF antibody eliminated the initial rise in 
TNF titer in group 5 animals, culture results were similar 








Table 3.—Cardiac Output 
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1 58.32 + 10.28 73.58+6.11 

2 58.0+11.13 68.46 + 13.04 
3 47.78+6.52 65.52+4.44 

4 30.38 + 11.03 35.38 + 11.06* 
5 64.88 + 11.83 85.04+ 13.52 






*Group 4 (catheter and infection) vs group 5 (catheter, infection, and 
tumor necrosis factor antibody), significantly different (P<.05). 
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for all infected groups at the end of experiments A and B 
(Table 2). No significant associations were noted between 
the presence of any ofthe organisms cultured and either the 
presence of a catheter or TNF antibody after adjusting for 
randomization to the inoculated groups. Significant associ- 
ations were noted among the presence of E coli, S aureus, or 
their combination in the blood and in the abscess cavities for 
groups 2, 4, and 5 after adjusting for catheter (P<.03). 

In experiment A, after 14 days of chronic bacteremia, 
only three of the hearts excised from the seven surviving 
animals in group 4 would generate an aortic pressure of 
80 cm H,O during in vitro perfusion at a preload of 15 cm 
H20. The four hearts that could not generate the pressure 
of 80 cm H,O beat spontaneously during the 10-minute 
Langendorff nonworking period but failed to generate 
any output even when paced at 370 beats per minute. This 
was a Statistically siznificant association between treat- 
ment group and normal in vitro function (the ability to 
generate cardiac output against an aortic gradient of 80 cm 
H20) by Fisher's Exact Test (P<.002). 

Since a 14-day peried of infection produced in vitro ev- 
idence of cardiac failure in group 4 animals, we chose to 
examine heart functien at the end of 1 week of inocula- 
tions in experiment B. The average cardiac outputs for 
each group at both lew (15 cm H,O) and high (25 cm H,O) 
preload are shown in Table 3. Cardiac output at a preload 
of 15 cm H20 tended to be lower in group 4 but there were 
no significant differences among groups. At the higher 
preload (25 cm H,Q), cardiac output in hearts perfused 
from group 4 was significantly lower by more than 50% 
compared with normal and 60% lower compared with 
septic animals pretreated with anti-TNF antibody (P<.04 
by ANOVA). Student-Newman-Keuls procedure for mul- 
tiple comparisons demonstrated that the difference in 
means between groups 4 and 5 (P<.05) accounted for this 
difference among groups. 

Finally, for experiment A, mean survival was examined 
nonparametrically using the Kruskal-Wallis Test. A sig- 
nificant difference was noted among groups (P<.03) 
where the difference was due to the 30% mortality in 
group 4 vs no mortality in the other groups. Animals in 
group 4 died on the 6th, 10th, and 12th day after the ini- 
tiation of inoculations at time zero. 

Histologic evaluation of two hearts from each group for 
both experiments demonstrated no distinguishing char- 
acteristics among groups. No abscesses, inflammatory 
infiltrates, interstitial edema, or hypertrophy were noted. 
Hearts excised from the three animals in group 4 that died 
during experiment A and the four other hearts from that 
group that did not generate an in vitro cardiac output 
could not be distinguished histologically from hearts from 
the other groups. 


COMMENT 

These results support our hypothesis that long-term 
exposure to an intravascular plastic catheter prior to an 
infectious challenge exacerbates the complications asso- 
ciated with bacteremia and sepsis. The infected animals 
that had prior exposure to the catheter demonstrated ev- 
idence of cardiac dysfunction at 1 and 2 weeks in vitro and 
began to die in the second week even though WBC counts 
and temperature curves were not different from infected 
animals without catheters. 

These experiments explain why Mela-Riker and her 
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colleagues’? and our laboratory’ produced dissimilar 
mortality and cardiovascular results using modifications 
of the same animal model. Mela-Riker et al cannulated the 
central venous and arterial trees of their rats long term to 
obtain cardiac output data and produced a hyperdynamic 
state associated with up to a 100% mortality rate depend- 
ing on which bacteria they used to infect the abscess. We 
did not implant intravascular catheters in our two prior 
experiments and did not have hyperdynamic cardiac fac- 
tors or mortality."”'' When we implanted a sterile intra- 
vascular cannula in animals that were to become infected 
(group 4 animals) in this experiment, we obtained results 
similar to those of Mela-Riker et al. We had a 30% mor- 
tality rate at 2 weeks and had in vitro evidence of cardiac 
dysfunction in 57% of the surviving animals that had in- 
travascular catheters and infection. 

Additionally, in the second experiment when cardiac 
function was examined at 7 days rather than 14 days, the 
animals that had intravascular catheters and infection still 
had in vitro cardiac dysfunction. In a prior experiment,” we 
examined cardiac function both in vivo and in vitro in ani- 
mals that had infection but no catheters for 14 days. 
Although these animals showed no in vivo evidence of 
dysfunction, in vitro evidence of dysfunction was noted at 
low preloads. We believed that these in vitro results were 
demonstrating early intrinsic dysfunction not witnessed in 
vivo because of the organisms’ compensatory mechanisms. 
Sepsis is usually associated with hyperdynamic cardiac fac- 
tors so that low preloads are rarely seen in vivo. In our ex- 
periment, the animals with catheters and infection showed 
significantly worse in vitro function only at higher preloads. 
This is consistent with prior data; at lower preloads, animals 
with either infection or inflammation alone probably have 
early evidence of mild dysfunction so that variation within 
groups prevents significant differences between groups. 
The sicker group 4 animals, however, demonstrated dys- 
function even at higher preloads and are at the verge of 
decompensation. This decompensation continues and con- 
tributes to the more significant degree of cardiac dysfunction 
demonstrated when these animals are examined at 2 weeks, 
to the mortality that develops during the second week of 
bacterial injections, and to the additional dysfunction dem- 
onstrated in the hearts examined after 2 weeks of bacterial 
injections. 

In addition, this exacerbation of the complications of 
infection produced by intravascular cannulation was as- 
sociated with a magnification of the TNF response to the 
initial injection of bacteria. Numerous experiments have 
shown that the TNF molecule is present at the initiation 
of the host’s responses to infection*>! similar to what is 
seen in these rats. These data would seem to suggest that 
intravascular cannulation increases the amount of TNF 
that is stored in the host's cells. Tracey and colleagues” 
have also shown that the injection of recombinant human 
TNF to rats produces circulatory collapse and death that 
is indistinguishable from that produced by septic shock. 
However, to demonstrate that the magnification of the 
TNF response produced by the long-term intravascular 
cannulation directly contributed to the production of car- 
diac dysfunction and death, we conducted the second 
experiment that contained a group of animals with intra- 
vascular catheters that received anti-TNF antibody im- 
mediately before the initial infectious challenge. Animals 
that received anti-TNF antibody demonstrated similar 
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culture results and WBC counts to animals without anti- 
TNF antibody. Yet these animals demonstrated no rise in 
TNF to the infectious challenge and did have develop- 
ment of the cardiac dysfunction witnessed in the infected, 
cannulated animals that did not receive anti-TNF anti- 
body. Although many events contribute to the develop- 
ment of organ dysfunction and death due to sepsis, these 
results would appear to satisfy Koch's postulates” iden- 
tifying the sharp rise in TNF in the cannulated, infected 
animals as one of the most important factors responsible 
for the cardiac dysfunction and death in these animals. 

The presence of the plastic catheter seemed to notably 
enhance the cardiac dysfunction. Heart function was ex- 
amined because it is an organ that does not contain 
extensive lymphoid tissue and suffers organ dysfunction 
more as a consequence of the general amount of inflam- 
mation produced by the response to the infectious chal- 
lenge. The mechanisms of this cardiac depression are not 
well understood. In one of our prior experiments that did 
not involve intravascular catheterization,” we demon- 
strated in vitro evidence of cardiac dysfunction but could 
not demonstrate this in vivo. Therefore, the amount of 
cardiac dysfunction that can be demonstrated may be re- 
lated to the host's initial inflammatory response. Studies 
have shown that depression of myocardial function 
occurs during endotoxin administration in dogs” and in 
humans“ and during TNF administration in dogs.” 
Patients in septic shock have a circulating myocardial de- 
pressant factor that is not present in critically ill, nonsep- 
tic patients.” Tumor necrosis factor is probably not this 
myocardial depressant factor because the myocardial de- 
pression occurs temporarily after the production of TNF, 
when TNF levels are undetectable. The depressant factor 
also has an apparent molecular weight of about 2000 kd, 
whereas TNE has a molecular weight of 17000 kd. 

Because TNF is an early mediator,’ it is possible that TNF 
could induce a myocardial depressant factor or more directly 
affect myocardial intracellular function. Other factors, such 
as higher levels of circulating endotoxin or metabolic alter- 
ations induced by sepsis or the presence of the catheter, 
could have contributed to the development of cardiac dys- 
function in cannulated animals. However, our hypothesis is 
again strongly supported by our antibody study that 
showed inhibition of the myocardial depression if the ani- 
mals were pretreated with the anti-TNF antibody. 

The anti-TNF antibody did not prevent the develop- 
ment of bacteremia or significantly alter the culture results 
of either the peripheral blood or the abscess cavity. In a 
different infectious model, other investigators have 
shown that anti-TNF antibody therapy will change a 
nonlethal Listeria monocytogenes infection into a lethal in- 
fection. This Listeria infection has two phases, with the 
second phase being a T cell-mediated event. Thus, inhi- 
bition of TNF activity may alter the immune response to 
the infection. With the organisms and the short periods 
used in this study, the predominant clearance mechanism 
is probably mediated through phagocytic cells, and not T 
cells. Although this phagocytic response is essential to 
combat the infection, limiting the number of WBCs that 
become activated by limiting the amount of TNF pro- 
duced was protective in this model. 


CONCLUSION 
These experiments strongly implicate TNF in the organ 
dysfunction observed during septic shock. More recent 
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evidence has shown that a complex pattern of cytokines 
is elaborated by the host during sepsis,*°*’** and that 
these nflammatory mediators probably act synergistically 
to incuce shock and lethality.” However, numerous 
studies support the role of TNF as an early, proximal me- 
diator of septic shock.”””>*4 Our data demonstrate that a 
sublethal bacterial challenge still induces the early pro- 
ducticn of TNF, and that the presence of a plastic cathe- 
ter auzments the level of TNF production and markedly 
enharces the cardiac depressant effects. Tumor necrosis 
factor seems to be directly involved in the production of 
late cardiac dysfunction and enhanced late mortality be- 
cause a polyclonal antibody against TNF will prevent 
these =vents even when it is given only before the initial 
infectious challenge, approximately 1 week before these 
other 2vents become obvious. 
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Sulindac Inhibits the Rate of Growth and Appearance 
of Colon Tumors in the Rat 


Stewart A. Skinner, MB, BS; Angela G. Penney, BSc; Paul E. O’Brien, MD, FRACS 


è Sulindac (cis-5-fluoro-2-methyl-1 -[p-(methylsulfinyl) 
benzylidene] indene-3-acetic acid), an inhibitor of pros- 
taglandin synthesis, has been reported to cause regression 
of colon polyps in patients with familial polyposis coli and 
Gardner’s syndrome. We examined the effect of sulindac on 
the growth of primary colon carcinomas in rats. Colon tu- 
mors were induced in 18 rats by repeated subcutaneous 
administration of dimethylhydrazine. The site and diameter 
of each tumor were measured via laparotomy and colonos- 
copy. Rats were randomized to receive either sulindac 
(10 mg/kg) twice daily or vehicle (0.5% methylcellulose). 
After 4 weeks of treatment, the site and size of tumors in the 
colon were again recorded. In eight rats receiving sulindac, 
no new tumors were identified, while in 10 control rats, 
13 additional tumors were found after treatment. There was 
a significantly greater increase in size of the tumors in the 
control group (56.4 mm for 26 tumors) compared with the 
rats receiving sulindac (9.3 mm for 14 tumors). We report 
that sulindac inhibits the rate of development and the rate 
of growth of colon tumors in the rat. 
(Arch Surg. 1991;126:1 094-1096) 


aoe (cis-5-fluoro-2-methy!-1-[p-(methylsulfiny!) ben- 
zylidene] indene-3-acetic acid) is a nonsteroidal anti- 
inflammatory agent commonly used in clinical practice for 
the treatment of arthritis. In recent case reports," sulindac 
has been found to cause almost complete regression of co- 
lon polyps in patients with familial polyposis coli and Gard- 
ner’s syndrome. The effectiveness of sulindac in colon dis- 
ease is thought to be due to its unique pathway of 
metabolism. It is administered orally in an inactive form and 
then reduced to its active sulfide form by colon bacteria. This 
results in high concentrations of the active drug in the co- 
lon tissue.’ Because it is a readily available, nontoxic agent, 
it is potentially of great importance as an antitumor agent. 

Only one experimental study has tested the effect of 
sulindac on primary colon tumors. Multiple benign ade- 
nomas were induced in mice with the carcinogen dimethyl- 
hydrazine (DMF).’ In our study, sulindac partially inhibited 
adenoma formation during the period of DMH exposure but 
was unable to cause regression of colon adenomas and had 
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no effect on the rate of development of tumors when given 
after the completion of the carcinogen exposure. 

The effect of sulindac in patients with colon carcinoma or 
in experimental models of colon cancer has not been tested. 
We, therefore, sought to measure the effect of sulindac on 
the rate of growth of established primary colon carcinomas 
inducec by DMH in the rat and on the rate of appearance 
of new tumors during treatment. Dimethylhydrazine- 
inducec primary colon tumors in rats were chosen as the 
model of colon cancer because these tumors have many 
morphdclogic, histologic, and proliferative characteristics in 
common with human colon tumors.° 


MATERIALS AND METHODS 
Animals 
Male Sprague-Dawley rats (weighing 400 to 500 g) were 
housed in a temperature-controlled room with 12 hours of light 
daily. They were fed standard rat chow and allowed water ad li- 
bitum. 


Induction of Tumors 
Primary colon tumors were induced in 18 rats by weekly sub- 
cutaneous injection of DMH dihydrochloride at 20 mg/kg for 
20 weeks. From past experience, we knew that tumors would 
begin to appear after this time and that in the next 6 to 8 weeks 
90% to 1920% of rats would have at least one tumor. 


Detection of Tumors 

Eight weeks after completion of the carcinogen exposure, the 
colon of each rat was examined to detect the presence of tumors. 
Each rat was anesthetized with methohexitone sodium at 
50 mg/kg intraperitoneally, and a laparotomy was performed. 
The fecal contents were washed out of the large intestine with 
warm no-mal saline solution so that tumors could be clearly seen 
by transilumination. The site and greatest diameter of each tu- 
mor was neasured with Verniers calipers. To examine the distal 
colon and rectum in the pelvic area, endoscopy was performed 
with a flexible nasopharyngoscope. The diameters of tumors in 
the distal colon were measured by comparing the tumor with a 
series of beads of increasing diameters. With this technique, the 
entire cobn and rectum were visualized, and the site and size of 
each tumor were recorded. 


Administration of Sulindac 
Rats were then randomized into two groups. Eight rats in the 
treatment group received sulindac at 10 mg/kg twice daily as a sus- 
pension in 0.5% methylcellulose. This was administered by gavage, 
as it is reletively insoluble in water. This is approximately twice the 
dose admnistered to patients with arthritis* and familial polyposis 
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Table 1.— Number of Colon Tum pel Grap 
Before treatment 26 16 


After treatment 39 14 
Result* 







*Mann-Whitney U test, P=.012. 


coli." The control group of 10 rats received 0.5% methylcellulose 
alone twice daily by gavage. 

All rats were treated for a period of 4 weeks. At the end of this 
period, they were killed and their colons excised. The site and 
size of each tumor was again recorded, and histologic examina- 
tion was performed for all tumors. 


Sampling of Normal Colon 
To detect the presence of microscopic tumors, the macroscop- 
ically normal colon in each rat was examined histologically for 
microadenomas. The nor-nal colon was sampled by taking five 
sections at 3-cm intervals from each colon. A total of 50 sections 
from the control group ard 40 sections from the sulindac group 
was examined histologicelly. 


Histologic Examination 
Colon and tumor tissu2 was fixed in 4% buffered formalde- 
hyde overnight and then processed for histologic examination by 
dehydration in a graded series of ethanol solutions (50% abso- 
lute) and embedding in actylic resin (hydroxyethyl methacrylate 
and 2-butoxyethanol) with a Polaron L. M. embedding kit. Five- 
micrometer sections were stained with hematoxylin-eosin. 


Statistics 
The significance of differences between the control and treat- 
ment groups with respect to incidence and size of tumors was 
determined with a Mann-Whitney U test because of the skewed 
distribution of the data. 


RESULTS 

The effect of sulindac on the rate of appearance of new 
tumors is summarized in Table 1. Following randomiza- 
tion to treatment groups, there were 10 rats in the control 
group and eight rats in the sulindac group. Although 
there was a higher number of tumors per rat in the con- 
trol group compared with the sulindac group, this differ- 
ence was not statistically significant. At the end of the 
4-week treatment period, an additional 13 tumors were 
identified in the contro_ group, while in the group treated 
with sulindac, no new tumors were found and two 
tumors could no longer be identified. All 14 tumors found 
in the sulindac group at the time the rats were killed had 
been identified at the commencement of the treatment 
period. The increase in the number of tumors in the con- 
trol group was significently different from findings in the 
sulindac group (Mann-Whitney U test, P=.012). 

Tumor sections were examined by light microscopy, and 
the results are summarized in Table 2. In the sulindac group, 
two benign adenomas and 12 adenocarcinomas were iden- 
tified by invasion through the muscularis mucosae. The his- 
tologic structure of two preexisting tumors in this group is 
unknown. In the control group, there was a slightly higher 
proportion of adenomas, with 29 adenocarcinomas and 10 
benign adenomas found. The histologic examinations of the 
13 new tumors that appeared in the control group during the 
treatment period showed that nine were benign adenomas 
and four were adenocarcinomas. 

To measure the effect of sulindac on the rate of tumor 
growth, the greatest diameter of each tumor was mea- 
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Table 2.— Histologic Features of Colon Tumors in 







Each Group 
Control Sulindac 
Carcinomas 29 12 
Adenomas 10 2 









Table 3.—Mean Diameter of Colon Tumors in Each 
Group* 










Sulindac 


6.0 +0.8 
6.7+1.0 


Controlt 


4.5+0.5 
6.9+0.7 


*Values are mean + SEM diameter in millimeters. 
tP=.013, Mann-Whitney U test. 
Not significant, Mann-Whitney U test. 






Before treatment 
After treatment 








Table 4.—Total Diameter of All Tumors Within Each 
Group* 









Control Sulindac 









Before treatment 
After treatment 174.3 93.4 


Total increaset 






*Values are total diameter in millimeters. 
tP=.026, Mann-Whitney U test. 


sured at the start and then again at the end of the treat- 
ment period. Only the tumors in the control group that 
had been identified and measured at the start of the 
treatment period were used for comparison with the 
sulindac-treated tumors. The results, summarized in Ta- 
ble 3, indicated that at the start of the treatment period, 
the mean diameter of tumors in the control group was less 
than that of the tumors in the sulindac group, but this 
difference was not statistically significant. At the end of 
the treatment period, there was a 53% increase in the 
mean diameter in the control group compared with only 
12% for the sulindac group. The diameters of the tumors 
in the sulindac group did not change significantly (P = .77) 
during the treatment period, while there was a significant 
increase in the diameters of the tumors in the control 
group (Mann-Whitney U test, P=.013). 

This increase in tumor size is better illustrated by the 
sums of diameters for all tumors in each of the two 
groups, as shown in Table 4. The increase in tumor diam- 
eters in the control group was significantly greater than in 
the sulindac group (Mann-Whitney U test, P= .026). 

To determine whether there was a difference in the 
population of microscopic tumors between the two 
groups, we examined the macroscopically normal colon 
histologically to identify microadenomas and microscopic 
carcinomas. No difference was found between the 
groups. Only two microadenomas were found in the 
control group, and one microadenoma and one adeno- 
carcinoma were found in the sulindac-treated group. 


COMMENT 
In our study, we used chemically induced primary co- 
lon carcinomas in rats as the tumor model because the ef- 
fect of sulindac on primary colon carcinomas had not 
previously been studied. Our results indicate that sulin- 
dac (1) inhibits the development of both colon adenomas 
and carcinomas induced by DMH in rats and (2) slows the 
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rate of growth of established DMH-induced colon tumors. 

In the case reports by Waddell et al,’ Waddell and 
Loughry,? and Gonzaga et al,’ sulindac caused regression 
of almost all benign colon adenomas in patients with fa- 
milial polyposis coli and Gardner’s syndrome. These pa- 
tients have been followed up for 18 months to 5 years; 
during this period, no regrowth of tumors and no 
progression to carcinoma formation have occurred. The 
effects of sulindac in patients with carcinoma of the colon 
have not been previously reported. 

Only one experimental study testing the effect of sulin- 
dac on primary colon tumors has been reported." 
Moorghen and coworkers’ examined the effect of sulindac 
on the expression of multiple benign colon adenomas that 
were induced with DMH in mice and found that sulindac 
inhibited the development of colon adenomas when ad- 
ministered concurrently with the carcinogen. However, 
when sulindac was administered after completion of the 
exposure to the carcinogen, it had no effect. This is 
inconsistent with our results, as we also administered 
sulindac after the completion of the exposure to carcino- 
gen. A possible explanation for these conflicting results is 
that in the study by Moorghen et al, sulindac was admin- 
istered in the drinking water. Because sulindac is only 
weakly soluble in water, it is unlikely that adequate drug 
levels were achieved. Another explanation may be that 
different tumor models were used in each study. In the 
study by Moorghen et al, predominantly benign ade- 
nomas were induced in mice by DMH, while in our study 
DMH induced predominantly carcinomas in rats. 

Conflicting results have been obtained in other studies 
when other nonsteroidal anti-inflammatory drugs were 
administered to rats with DMH-induced primary colon 
tumors. Indomethacin, in particular, has been reported to 
inhibit the development of colon tumors in some studies,’ 
while no effect was noted in other studies." 

No attempt has been made in any previously published 
report to directly measure the effect of sulindac or indo- 
methacin on the rate of growth of DMH-induced colon 
tumors. The main reason for this would seem to be the 
difficulty in gaining access to the colon before the treat- 
ment period. In our study, the colon was examined via 
laparotomy followed by washing out of the fecal contents 
from the colon with warm saline solution. Because the 
colon is thin-walled (400 to 500 pm), it is possible to iden- 
tify tumors as small as 1 to 2 mm in diameter. To visual- 
ize the distal colon and rectum in the pelvic area, a flex- 
ible endoscope was used, and the tumor diameter was 
measured by comparison of the tumor with a series of 
beads of increasing diameters. With these techniques, the 
entire colon in each rat was visualized at the commence- 
ment of the treatment period. 

The mechanism of inhibition of tumor growth by sulin- 
dac remains to be determined. The predominant action of 
sulindac is inhibition of prostaglandin synthesis. Many 
tumors, including human colon tumors, have been 
shown to synthesize and release greater amounts of 
prostaglandins E;, E,, and F», than do normal tissues.” 
Some studies indicate that prostaglandins may play an 
important role in the promotion of tumor growth. Pros- 
taglandins E, and E, appear to stimulate cell proliferation 
by elevating cyclic adenosine monophosphate levels 
within the cell, while prostaglandin F,,, promotes the for- 
mation of intracellular second messengers that promote 
cell proliferation." Prostaglandin E, has also been shown 
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to suppress T-lymphocyte functions, in particular T-cell 
proliferation, cytotoxic activity, and lymphokine produc- 
tion.? Prostaglandin E, may also inhibit the function of 
antigea-presenting cells. Therefore, inhibitors of pros- 
taglandin synthesis may inhibit tumor growth by block- 
ing the immunosuppressive effects of prostaglandins re- 
leased by the tumor and so restore the host immune 
defences. Other studies have shown that prostaglandin E; 
will st-mulate blood vessel proliferation in the rabbit cor- 
nea at ow doses, while prostaglandin E, has been shown 
to stimulate angiogenesis in the chorioallantoic mem- 
brane of the chick embryo.” Therefore, prostaglandins 
may be important mediators of angiogenesis within the 
tumor and inhibitors of prostaglandin synthesis may in- 
hibit tamor growth by inhibiting growth of the vascular 
supply within the tumor. Further experiments are now 


t 


needed to further elucidate the mechanisms by which AÀ 


sulindac exerts its antitumor effect. 
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The molecular weight, degree of protein binding and poarmacokinetic 
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CONTRAINDICATIONS: TIMENTIN is contraindiceed in patients 
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aggregation and prothrombin time and are more likely to occur In 
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DOSAGE AND ADMINISTRATION: TIMENTIN should be 
administered by intravenous infusion (30 min.) Usual recommended 
dose for systemic and urinary tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (3.1 Gm vial containing 3 Gm ticarcillin 
and 100 mg clavulanic acid) given every 4 to 6 hours. For gynecologic 
infections TIMENTIN should be administered as follows: Moderate 
nfections 200 mg/kg/day in divided doses every 6 hours and for 
severe infections 300 mg/kg/day, based on ticarcillin content, In 
divided doses every 4 hours. For patients weighing less than 60 kg, 
the recommended dosage is 200-300 mg/kg/day, based on ticarcillin 
content, given in divided doses every 4 to 6 hours. In urinary tract 
infections, a dosage of 3.2 Gm TIMENTIN (3.2 Gm vial containing 3 
Gm ticarcillin and 200 mg clavulanic acid) given every 8 hours Is 
adequate. Please see official package insert for details on dosages for 
other patients, including those with renal insufficiency and directions 
for use 

SUPPLIED: 3.1 Gm and 3.2 Gm Standard Vials: 31 Gm and 32 
Gm Piggyback Bottles; 31 Gm Bulk Pharmacy Package; 3.1 Gm ADD- 
Vantage™ Antibiotic Vial 
"Efficacy for this organism in this organ system was studied in fewer 
than 10 infections 7548/H-BS 


Reference: 

1. Cuchural GJ Jr, Tally FP, Jacobus NV, et al: Comparative activities 
of newer B-lactam agents against members of the Bacteroides 
fragilis group. Antimicrob Agents Chemother 1990;34 479-480 


Article 


i a a ah E E S S S 


Recurrent Inguinal Hernia Treated 
by Classical Hernioplasty 


Jan N. M. IJzermans, MD, PhD; Hans de Wilt; Wim C. J. Hop, MSc; Hans Jeekel 


@ The treatment of recurrent inguinal hernia by classical 
hernioplasty, ie, via the anterior approach and using en- 
dogenous tissue for repair, was evaluated in 163 patients 
operated on between 1980 and 1987. One hundred fifteen 
patients had a first recurrence and 48 had a multiple recur- 
rence; 58% were of the direct type; 30% were of the indi- 
rect type; 7% were of the combined type; and 5% were not 
defined. In 1989 a questionnaire was sent to all patients; 
those indicating symptoms of recurrence underwent further 
examination. There was a mean follow-up of 52 months and 
a total follow-up period of 706 years. Thirty-seven patients 
had a repeated recurrence with a cumulative recurrence 
rate of 16%, 21%, and 23%, after 1, 2, and 5 years, respec- 
tively. Increase of age and time passed since the last repair 
reduced the recurrence rate. Increased abdominal pressure, 
type of anesthesia or surgical technique, and wound he- 
matoma had no effect. It is concluded that the technique of 
classical hernioplasty as such may be unsuitable for repair 
of recurrent inguinal hernias. 
(Arch Surg. 1991;7 26:1097-1100) 


S ince Bassini’ introduced his technique of hernioplasty 
in 1890, various new surgical techniques have been 
developed to treat primary inguinal hernias. Repair by the 
Shouldice technique is one of the main advances in the 
treatment of primary inguinal hernias, as indicated by re- 
currence rates as low as 2%.* Results obtained by other 
techniques of primary hernioplasty are less impressive. 
Overall, a recurrence rate of +10% (0.2% to 15%)** has 
been reported. Compared with the surgical treatment of 
primary inguinal hernias, the management of recurrent 
hernias offers more problems. Repeated recurrence rates 
from +8%’ after Sheuldice repair up to 33% after other 
classical hernioplasties ave been reported.**"° Recently, 
better results have been achieved by a technique in which 
a preperitoneal approach and prosthetic materials are 
used for repair of the posterior wall of the inguinal canal. 
Repeated recurrence rates of 1% to 2% were found.!!"4 
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Impressed by the discrepancy between the outcome of 
different techniques for repair of recurrent inguinal her- 
nias, the present study was initiated to evaluate the 
results of classical hernioplasty for repair of recurrent in- 
guinal hernias in a University Hospital. 


PATIENTS AND METHODS 

The medical records of 170 patients treated for the first time in 
our hospital because of a recurrent inguinal hernia between Jan- 
uary 1980 and December 1987 were reviewed. Included were 
patients who underwent repair of a unilateral recurrent inguinal 
hernia by classical hernioplasty. Classical hernioplasty was de- 
fined as a technique of repair in which the posterior inguinal wall 
was approached anteriorly and endogenous tissue was used for 
reconstruction. 

The ages of the patients ranged from 26 to 88 years with a me- 
dian of 59 years. The population of patients consisted of 165 men 
(97%) and five women (3%). In the period studied, 207 opera- 
tions were performed to treat recurrent inguinal hernias. After 
selection for unilateral recurrent inguinal hernias, 163 patients 
were eligible for follow-up. Of these patients, 115 had a first re- 
current inguinal hernia and 48 had a second or multiple recur- 
rent inguinal hernia; indirect recurrent hernias were found in 49 
patients (30%); direct recurrent hernias were found in 95 patients 
(58%); combined recurrent hernias were found in 11 patients 
(7%); and in eight patients (5%), the origin of the recurrent her- 
nia was not indicated. Of 163 patients, 98 (60%) were operated 
on under epidural anesthesia, 58 (36%) were operated on under 
general anesthesia, and seven (4%) were operated on under a 
combination of both. Using absorbable sutures, repair of the 
weakened posterior wall of the inguinal canal was performed by 
experienced surgeons according to McVay in 98 patients (60%), 
according to Halsted/Hackenbruch with subcutaneous place- 
ment of the spermatic cord in 19 patients (12%), or by placing lo- 
cal approximating sutures to close the defect in 35 patients (21%). 

To investigate the outcome of these operations, a question- 
naire was sent to all patients in January 1989. Ten patients hav- 
ing complaints or symptoms indicating repeated recurrent 
inguinal hernia underwent a physical examination by one of the 
surgeons (J.N.M.I.). Six of them were found to have a recurrent 
inguinal hernia. Twenty-four patients (14.7%) had died of causes 
unrelated to their hernia; the general practitioner of these 
patients provided information on the existence of repeated 
recurrent inguinal hernia. There was a mean follow-up of 52 
months and a total number of follow-up years of 706. Over- 
weight was determined according to the formula of Quetelet, in 
which a person’s actual weight is related to a person’s ideal 
weight, based on height and sex. 

The cumulative percentage of repeated recurrences of inguinal 
hernias was calculated using the actuarial method of analvsis. Tno 
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Table 1.—Cumulative Percentage of Repeated 
Recurrences After 0 to 60 Months of Follow-up 


No. of Patients 
in Follow-up 
Without Repeated Repeated 
Recurrence Recurrences, % 


No. of 
Months 
After 
Operation 


95% Confidence 
Interval, % 





Table 2.—Repeated Recurrence Rate and Influence of 
Several Preoperative Factors 


Repeated 
Recurrences, 
% 





P 








No. of previous recurrences 


Localization of recurrence 
Lateral 


Medial 


Overweight 
Present NS 


Absent 


Increase of intra-abdominal pressure 
Present 


Absent 


Age, y 
<50 


50-70 
>70 


Interval between last two repairs, mo 
>60 


<60 




















*NS indicates not significant. 


rank test and x? were used to analyze differences between factors. 
All P values were derived from a two-sided test for significance. 


RESULTS 


Of 163 patients, 37 had development of a repeated re- 
current inguinal hernia, implicating a cumulative percent- 
age of 23, as calculated by the actuarial method of analy- 
sis. The cumulative percentage of repeated recurrences at 
yearly intervals after operation is shown in Table 1. 
Within 1 year after repair of recurrent inguinal hernia, 
16% of the total population had had development of a re- 
peated recurrent hernia; within 2 years, 21%; and within 
5 years, 23%. 

A number of preoperative and perioperative factors 
were investigated to establish their role in the mechanism 
of repeated recurrent herniation (Table 2). The risk of re- 
peated recurrent inguinal hernias decreased with increase 
of age (P=.05). Patients younger than 50 years had a re- 
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Recurrence Rate, % 
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0 12 24 36 48 60 


Months After Repair 


Cumulæive rate of repeated recurrences according to age (years). 
The risk of a rerecurrent hernia developing decreases with increase 
of age (?=.05). After 2 years the numbers of patients in group 1, 2, 
and 3 without repeated recurrent hernia were 23, 47, and 20, 
respectwely. Group 1, younger than 50 years (n = 40); group 2, 50 to 
70 years (n= 83); and group 3, older than 70 years (n= 40). 


currence rate of 33% after 5 years; patients 50 to 70 years 
had a -ecurrence rate of 22%; and patients older than 70 
years had a recurrence rate of 14%. As shown in the Fig- 
ure, the pattern of recurrence is identical for patients 
younger than 50 years and patients between 50 and 70 
years curing the first year of follow-up. However, a larger 
number of recurrences is seen in younger patients after a 
longer period of follow-up. Almost all these recurrences 
were cf the direct type. 

The nterval between the former and latter operation for 
hernia repair was found to be of significance. The risk of 
repeated recurrent inguinal hernia after the last operation 
was reduced significantly if the former operation was 
done more than 5 years ago (P=.001). This prognostic 
factor was found to be of value to patients of all age. The 
total number of previous hernia repairs a patient had un- 
dergome was not of importance to the outcome of the last 
repair “P = .4). Patients treated because of a first recurrent 
inguiral hernia had the same chance of having a recurrent 
hernia develop as those operated on for a second, third, 
or later recurrent hernia. 

Lateral (30%) or medial (58%) localization of the recur- 
rent hernia was not found to influence the chance of re- 
currence (P=.6). Both types of hernia had the same inci- 
dence of treatment failure. 

Twenty-nine patients were found to be overweight. 
Repea-ed recurrence rates for patients who were and who 
were not overweight did not differ (P= .3; Table 2). Fac- 
tors leading to increased intra-abdominal pressure, such 
as couzhing, prostatism, and obstipation, were not found 
to have a significant effect on repeated recurrence of in- 
guinal hernia (P= .4; Table 2). 

A number of perioperative factors were analyzed to 
deternine the influence on recurrence rate (Table 3). The 
methed of anesthesia had no effect on recurrence rate 
(P=.%. Analysis of different surgical techniques did not 
reveaLany factor of significance to treatment failure either. 
Repai> of the posterior wall of the inguinal canal accord- 
ing to McVay (60%), Halsted/Hackenbruch (12%), or local 
closing of the defect with approximating sutures (21%) 
did result in comparable repeated recurrence rates. A 
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Table 3. — Repeated Recurrence Rate and Influence of 
Perioperative Factors 











Repeated 
Recurrences, 
% 






Anesthesia 







General 58 16 NS* 
Epidural 98 28 
Wound drainage 





Done 
Not done 







Wound hematoma 
Present 


Absent 


Relaxing 
Done 


Not done 


Operative technique 
Hackenbruch 


Local closure 
McVay 


*NS indicates not significant. 















rectus-relaxing incision could not be shown to have an 
effect (P=.9). There was no relationship between the in- 
cidence of postoperative wound hematoma (10%) or the 
application of wound drainage (56%) and repeated recur- 
rent inguinal hernias. 

Thirty-one patients (19%) complained of pain without 
having recurrence ef inguinal hernia. Six patients (4%) 
had development of testicular atrophy. 


COMMENT 


In this series, the repeated recurrence rate 5 years after 
repair for recurrent inguinal hernia by classical hernio- 
plasty was 23%. Taking into account a 95% confidence 
interval, this finding implies that 16% to 30% of all oper- 
ations for recurrent hernia were not sufficient in the long 
run. Although these results are in accordance with results 
reported by others*”* using classical hernioplasty, we 
were surprised by the outcome of our study. Better results 
were certainly expected, since all operations had been 
performed by qualified surgeons. However, it must be 
noted that a relatively large number of surgeons were in- 
volved in the operations. Thus, each individual surgeon 
only had a rather limited experience in repair of recurrent 
inguinal hernia and it is well known that specialization of 
surgeons in hernia repair lowers recurrence rates, as 
demonstrated by the Shouldice series. No significant 
differences were found among repeated recurrence rates 
of different surgeons in our series (data not shown). 
Analysis of the results demonstrates that most recur- 
rences developed during the first year after surgery. Since 
perioperative and postoperative factors were found not to 
influence repeated recurrence rate, it can be speculated 
that the surgical procedure in itself was of major impor- 
tance to the development of repeated recurrences. All 
patients underwent repair of recurrent hernia via an 
inguinal incision and by use of endogenous tissue to re- 
inforce the weakened posterior wall of the inguinal canal. 
If this technique is expertly performed and sound endog- 
enous tissue is available to close the defect of the poste- 
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rior wall the results can be satisfactory, as demonstrated 
in primary repair of inguinal hernias. However, repair of 
recurrent hernias may be technically more demanding 
due to changes in the anatomy and quality of tissues in- 
duced by former groin operations. Thus, an anterior in- 
guinal approach will necessitate dissection through 
scarred tissue. Furthermore, the integrity of the fascia 
transversalis and conjoined tendon may be lost by former 
operations. As this structure plays a pivotal role in repair 
of the posterior wall in classical hernioplasty, loss of its 
integrity may explain the high incidence of repeated 
recurrences found by this technique. 

Modification of surgical techniques of classical hernio- 
plasty were not found to have an effect on repeated 
recurrence rate in our series. Findings of Rutledge,’ indi- 
cating that subcutaneous placement of the cord may lead 
to higher recurrence rates, and McVay, advocating em- 
ployment of a relaxing incision to avoid tension at the su- 
ture line to improve repair, could not be confirmed in our 
study. 

In our study, only a small number of repeated recur- 
rences developed more than 1 year after hernia repair. 
Most likely these late recurrences cannot be explained by 
failure of hernioplasty. Read” and others" suggested that 
a local manifestation of a generalized defect in collagen 
metabolism may be responsible. If late recurrences are 
indeed caused by deterioration of the patient's tissues, 
one certainly should not use a technique of repair such as 
classical hernioplasty that is dependent on these tissues. 

The risk of repeated recurrent inguinal hernias devel- 
oping decreased with increase of age. Older patients had 
less repeated recurrences in the first year after operations 
and no late recurrences. Obviously, this might be ex- 
plained by the fact that exertions of elderly people are 
minimal compared with those of younger people. Scar 
formation may proceed uneventfully and the inguinal 
area will not be exposed to strenuous forces. Interest- 
ingly, others"? reported that persons with sedentary 
work had more recurrences (17.6%) than those perform- 
ing heavy labor (9.1%). However, these studies evaluated 
recurrences after primary repair of inguinal hernia; their 
findings may not be valid for repair of recurrent inguinal 
hernias. It was found that an increase of interval between 
the former and latter hernia repair was related to a 
decrease of repeated recurrence rate. This finding may be 
explained by assuming that extension of the recurrence- 
free interval is indicative of the quality of the endogenous 
tissues, and that sounder tissues will allow a more 
adequate closure of the anatomical defect of the posterior 
wall. 

No differences in repeated recurrence rate were found 
between epidural and general anesthesia, which implies 
that neither technique of anesthesia may be helpful to 
prevent recurrence. However, epidural anesthesia cer- 
tainly offers postoperative advantages compared with 
general anesthesia, such as rapid mobilization” and less 
respiratory compromise,” and may therefore be pre- 
ferred. Early mobilization will improve the condition of 
the patient without affecting recurrence rate. 

Wound drainage and wound hematoma had no effect 
on repeated recurrence rate, probably because none of the 
hematomas was infected. Beacon et al? showed that 
drainage will prevent postoperative wound hematoma. 
They performed a controlled trial on suction drainage and 
found that use of a fine-bore drain reduced postoperative 
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complications, such as hematoma and infection. Unfor- 
tunately, they did not study the effect of these factors on 
recurrence rate. Gaston” suggested that infection is one 
of the main determinants of recurrence. Using the Shoul- 
dice repair, a 1.8% infection rate was found and recur- 
rence was four times as likely in the patients with wound 
infection as in those without. Therefore, suction drainage 
seems advisable for patients who are at risk of having a 
wound hematoma develop. Adequate draining prevents 
wound hematomas and, moreover, it reduces the risk of 
a superimposed infection that may lead to failure of the 
hernioplasty. 

Greenburg” reported that the risk of repeated recur- 
rence after repair increased with the total number of pre- 
ceding recurrences. In our study no differences were 
found in repeated recurrence rates among patients treated 
for a first, second, or later recurrence. This finding 
stresses the importance of adequate repair at the primary 
hernia operation; when primary repair has failed, the 
surgeon should realize that he faces a 16% to 30% 
repeated recurrence rate if classical hernioplasty is chosen 
for secondary repair. Therefore, a patient with a first re- 
current inguinal hernia should be offered an operation 
that reduces the risk of repeated recurrence to a mini- 
mum. 

As reported in this study, the technique of classical 
hernioplasty cannot be recommended. Better results may 
be expected by using a preperitoneal approach and pros- 
thetics to treat recurrent inguinal hernias. Repeated 
recurrence rates as low as 1% to 2% have been 
reported.'* However, these results are based on retro- 
spective studies. To compare both types of operation ad- 
equately, a prospective randomized trial is essential to 
conclusively prove the efficacy of each technique. 
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Chronic Mesenteric Vascular Syndrome 


Results of Reconstructive Surgery 


Robert H. Geelkerken, MD; J. Hajo van Bockel, MD; Wilfred K. de Roos, MD; 
Jo Hermans, PhD; Johan L. Terpstra, MD 


@ Since 1961, 14 patients at the University Hospital of Lei- 
den, the Netherlands, have undergone reconstructive sur- 
gery for treatment of chronic mesenteric vascular syn- 
drome. Of the 42 mesenteric arteries, 31 were severely 
obstructed (mean, 2.2 stenotic arteries per patient). A total 
of 23 mesenteric arteries were repaired. Long-term 
follow-up data were available for all 13 surviving patients 
(mean follow-up, 11.8 years). Symptoms were relieved im- 
mediately after surgery. and relief was maintained during 
follow-up. Digital subtraction angiography at long-term 
follow-up evaluation was performed in eight patients (13 
reconstructions) with these results: 11 (85%) of the 13 re- 
constructions were patent and severe stenoses were found 
in eight (33%) of the 24 mesenteric arteries (mean, 1.0 
stenotic artery per patient). We conclude that reconstruc- 
tive surgery for patients with chronic mesenteric vascular 
syndrome promptly relieves symptoms, provides excellent 
patency, and has long-lasting beneficial results. 
(Arch Surg. 1991;726:1101-1106) 


C hronic mesenteric vascular (CMV) disease is charac- 
terized by the gradual development of hemody- 
namically significant stenoses in the celiac, superior me- 
senteric, and/or inferior mesenteric arteries.! This disease 
may be complicated by acute thrombosis and occlusion of 
one of these mesenteric arteries. This may cause bowel 
infarction, which has a very high mortality rate.*5 Fur- 
thermore, CMV disease may cause CMV syndrome.?** 
This syndrome is characterized by upper abdominal pain 
that is usually provoked by eating, an epigastric bruit, 
weight loss, and hemocynamically significant stenoses of 
two or more of the mesenteric arteries.” 
Reconstructive surgery of the mesenteric arteries may 
be indicated to preven: bowel infarction during follow- 
up** and to relieve the symptoms of CMV 
syndrome. *?46812-15 Surgery should be considered only if 
it can be performed with a low morbidity and mortal- 
ity. However, indications for reconstructive surgery 
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cannot be conclusively determined from the occasional 
literature on this subject because many reports discuss the 
results of surgery in a mixture of patients, some of whom 
have CMV disease and some, CMV syndrome?**!*15; þe- 
cause follow-up in many series is 5 years or less; and be- 
cause the long-term patency of the vessels is only occa- 
sionally documented angiographically—sometimes in 
fewer than half the cases.** 

We review the long-term results of relief of symptoms 
and patency of the mesenteric vessels after reconstructive 
surgery in a selected group of 14 patients with the CMV 
syndrome who have been treated at our unit over 27 
years. 


PATIENTS AND METHODS 

All patients admitted for treatment of CMV syndrome at the 
Department of Surgery of the University Hospital of Leiden, the 
Netherlands, were included in the study. The records of all pa- 
tients admitted between 1961 and 1988 were reviewed. Fourteen 
patients, 10 women and four men, with a mean age of 42.9 years 
(range, 19 to 61 years) at treatment were included in the study. 

All patients presented with chronic upper-abdominal pain and 
were scheduled for surgery only after results of angiographic 
examination showed more than 90% luminal reduction in at least 
two of the three mesenteric arteries. Patients with chronic 
upper-abdominal pain associated with a solitary stenosis of the 
celiac artery (the “celiac artery compression syndrome” or “ce- 
liac band syndrome”) were excluded, and the results of surgery 
in these patients have been reported elsewhere.” Upper- 
abdominal pain lasted a mean of 3.8 years (range, 0.3 to 14.4 
years, Table 1). Pain occurred after a meal in 11 patients, but not 
in the three others. Significant weight loss was reported by nine 
patients (mean, 14.6 kg; range, 4 to 40 kg). The mean height of 
all patients was 165 cm (range, 143 to 177 cm), and the mean 
weight was 52 kg (range, 34 to 62 kg), which produced a mean 
value by Quetelet’s rule of 19.1 kg/m?, clearly indicating abnor- 
mally low body weight."* An epigastric arterial bruit was present 
in 12 patients. To confirm the diagnoses of CMV syndrome, pa- 
tients were examined for evidence of other conditions that might 
have caused chronic upper-abdominal pain, such as gallbladder 
stones, peptic ulcer disease, chronic pancreatitis, and gastro- 
esophageal reflux disease. Subsequently, biplane Seldingerab- 
dominal angiography was used for evaluation of the mesenteric 
vessels. Thirty-one of the 42 mesenteric arteries in 14 patients 
had more than a 90% reduction of the lumen, a mean of 2.2 ar- 
teries per patient. The celiac artery was obstructed in 13 patients; 
the superior mesenteric artery, in eight patients; and the inferior 
mesenteric artery, in 10 patients. 
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Table 1.—Preoperative Characteristics of 14 Patients With Ghronic Mesenteric Vascular Syndrome 
Treated Between 1961 and 1988* 


Pain 


Duration of Provoked Weight 


Angiographic Results 


Upper Superior Inferior 
Akdominal Celiac Mesenteric Mesenteric 


Pain, y by Eating Loss of >5 kg Bruit Artery Artery Artery 
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*Plus sign indicates present; minus sign, absent; ellipses, unknown; zero, patent; ome, greater than 50% stenosis; two, greater than 90% stenosis; 


and three, occlusion. 


Surgical Technique 


SSS SS ESE eee Short-term 


Patient Superior 
No. Celiac Artery Mesenteric Artery 


Arterial interpon Arterial interpon 
Reimplantation Endarterectomy 
None Reimplantation 
Venous interpon None 

Ligation Endarterectomy 
Reimplantation None 


PTFE interpon PTFE interpon 


Endarterectomy Endarterectomy 


None Dacron interpon 
PTFE interpon None 

Venous interpon None 
Reimplantation Ligation 


Endarterectomy, Endarterectomy, 
venous patching venous patching 


Endarterectomy Endarterectomy 


Infer or Relief of 
Mesenteric Artery Complications Symptoms 


= 


None = 
None = 
None Suture bleeding 
None = 
None = 
None = 
None -= 
Endarterectomy — 
Reimplantation — 
None = 
None wa 


None — 


++etetettett+ttt 


Endarterectomy, — 
venous Jatching 


None Mesenteric infarction 
causing death 





*PTFE indicates polytetrafluoroethylene; plus sign, present; minus sign, absent; anc None, no reconstruction performed. 


tIncluded left renal artery reconstruction. 
Included aortal bifurcation reconstruction with a Dacron prosthesis. 


Twenty-three of the 31 severely stenotic mesenteric arteries 
were reconstructed, a mean of 1.6 repaired arteries per patient. 
The celiac artery, the superior mesenteric artery, and the inferior 
mesenteric artery were repaired in 11, nine, and three patients, 
respectively. Various operative techniques, mostly using autol- 
ogous material (19 [83%] of 23), were used. Endarterectomies 
were performed in 10 arteries, three of which required venous 
patches. Reimplantation in the aorta was performed in five 
cases. Autologous bypasses (two arterial and two venous) were 
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performed in four cases. Finally, prosthetic bypasses (three us- 
ing polytetrafluoroethylene and one, Dacron) were perfomed in 
four other cases. Two mesenteric arteries were ligated because 
reconst-uction was not considered technically feasible (Table 2). 

The postoperative courses of all but two patients were 
uneventful. One patient died after surgery because of irrevers- 
ible ischemia of the small bowel. At autopsy, all three of the pa- 
tient’s mesenteric arteries, including the two that had been re- 
paired, were occluded. A second patient required additional 
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Table 3.—Long-term Patency and Relief of Symptoms of Reconstructive Surgery of the Mesenteric Arteries in 13 Patients 
With Chronic Mesenteric Vascular Syndrome* 


Angiographic Results 


Inferior 
Mesenteric 
Artery 


Superior 
Mesenteric 
Artery 


Celiac 
Artery 





Long-term 
Relief of 
Symptoms 


Weight 
Gain of >5 kg 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
M 
+ 
+ 
+ 
+ 


A- 


*Plus sign indicates present; minus sign, absent; ellipses, unknown; zero, patent; one, greater than 50% stenosis; two, greater than 90% stenosis; 


and three, occlusion. 


surgery to stop bleeding at one of the anastomotic sites. At dis- 
charge from the hospital. all 13 survivors of the operation were 
on normal diets, and none had abdominal symptoms. 

Within 1 month after surgery, the patency of reconstructions 
was routinely evaluated using conventional Seldinger angiogra- 
phy in 10 of the 13 patents (30 arteries, 15 reconstructions). 
Three patients (six reconstructions) could not be evaluated. A 
residual stenosis was observed in five of the 30 visualized me- 
senteric arteries, producing a mean of 0.7 artery per patient with 
a diameter reduction of more than 90%. Thirteen (87%) of the 15 
visualized reconstructions were widely patent. 

The cause of mesenteric artery obstruction was atherosclero- 
sis in 10 patients, which was confirmed histologically in six. 
Three patients suffered fibrodysplasia, and one, aspecific arterial 
dysplasia. 

For statistical evaluation, Wilcoxon’s matched-pairs signed 
rank test for matchec pairs was used to evaluate differences in 
the number of patent arteries before and after surgery and at 
long-term follow-up. 


RESULTS 

All patients were available for follow-up. At the end of 
the long-term follow-up, two patients had died of cancer 
5.8 and 8.2 years after surgery (neither had had abdom- 
inal symptoms). The mean follow-up was 11.8 years 
(range, 4.5 to 27.2 years). All 11 surviving patients were 
in good condition, anc none had upper-abdominal symp- 
toms. Body weight had increased in nine patients by a 
mean of 11.9 kg (range, 5 to 18 kg). The mean height of 
the 11 patients was 170 cm (range, 158 to 177 cm), and the 
mean weight was 65.5 kg (range, 50 to 80 kg). The mean 
value using Quetelet’s rule had increased to 22.6 kg/m?, 
indicating that body weight had substantially increased. 

Long-term evaluation of the patency of the mesenteric 
arteries using venous digital subtraction angiography was 
performed in eight (13 reconstructions) of the 13 patients at 
a mean of 11.0 years (range, 4.5 to 21.3 years) after surgery 
(Table 3). Three patients could not be evaluated using dig- 
ital subtraction angiography; one patient had cardiomyop- 
athy, preventing proper evaluation using intravenous dig- 


Arch Surg—Vol 126, September 1991 






Table 4.—Chronic Mesenteric Vascular Syndrome: 
Results of Angiography at Long-term Follow-up in Eight 
Patients Who Underwent Mesenteric Artery Surgery 











Arteries 









Not Recon- 
structed, 
No. of 
Reconstructed Cases With 
Arteries, Progression 
No. of Cases of Stenosis 
pA S 





Patent Occluded 









Celiac artery 






Superior mesenteric 
artery 3 2 2 | b 







Inferior mesenteric 
artery 2 0 4 2 


Total 






*Ligation, not reconstruction. 


ital angiography, and the other two lived abroad. Eight 
(33%) of the 24 mesenteric arteries had more than 90% re- 
duction of the lumen, a mean of 1.0 obstructed artery per 
patient. Eleven (85%) of the 13 visualized reconstructions 
were patent. The stenosis of eight of the 11 mesenteric ar- 
teries that had not been repaired had not progressed since 
surgery. More specifically, all six repaired celiac arteries 
were patent, and the stenosis in two other celiac arteries, 
which had not been repaired, had not progressed. Three 
reconstructed superior mesenteric arteries were patent, and 
two had occluded. The stenosis in the two other superior 
mesenteric arteries, which had not been repaired, had not 
progressed. Two reconstructed inferior mesenteric arteries 
were patent. The stenosis in four other inferior mesenteric 
arteries, which had not been repaired, had not progressed. 
Two inferior mesenteric arteries, which had not been 
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es te | 






Syndrome/ No. of 


Disease* 





Crawford et al,° 1977 S/D 9 
Stoney et al,'? 1977 S/d 19 
Pokrovsky and Kasantchjan,"* 1980 s/D 

Zelenock et al,’ 1980 S 1 
Rogers et al,° 1982 

Stanton et al,* 1986 S 

Rapp et al,'* 1986 S/d 47 
Rheudasil et al,’ 1988 S/D 6 
McFarlane and Beebe," 1989 S/D 

Present report S 5 


Stoney et al,'? 1977 S/d 11 


Crawford et al,¢ 1977 S/D 31 
Connolly and Kwaan,’? 1979 S/D 3 
Zelenock et al,’ 1980 S 22 
Pokrovsky and Kasantchjan,"? 1980 s/D re 
Rogers et al, 1982 S 13 
Van Vroonhoven,'® 1983 S 2 
Stanton et al,* 1986 S 14 
Rapp et al,'* 1986 S/d 20 
Beebe et al,?? 1987 S 10 
Van Dongen,” 1988 S 23 
Rheudasil et al,' 1988 S/D 34 
McFarlane and Beebe, 1989 S/D 15 
Present report S 6 


Stoney et al,'? 1977 S/d 4 
Pokrovsky and Kasantchjan,'* 1980 s/D J 

Stanton et al,* 1986 S 3 
Rheudasil et al,' 1988 S/D 11 


Present report 


Table 5.— Chronic Mesenteric Vascular Disease and Syndrome: Overview of the Literature According 
to Surgical Technique 














Patients 
Endarterectomy 


Reimplantation 















Nc. of 
Reconstructions 


Follow-up, 
No. of Patients (y) 


Surgical Failures, 
No. of Patients 





ki 0 
“4 19 (2.1) 2 
€0 T 0 
1 1 (1.1) 0 
4 (5.5) 0 
(3.0) 0 
c2 47 . 4-12 
tO ae 3 
5 (6.6) 1 
TO 5 (12.1) 1 









t2 Ti (3.3) 3 
| ae 5 
3 3 (4.3) 0 
B 22 (4.5) 8 
3% oe 1 
17 12 (3.0) 0 
4 2 (2.0) 0 
13 (4.2) 0 
23 20 sas 2-10 
2 10 (3.1) 3 
45 0 
3 IO oii 4 
11 (3.0) 1 
5 6 (10.6) 0 







*S/D indicates that the series included equal numbers of patients with CMV syndrome and CMV disease; S/d, the series included more patients 
with CMV syndrome than with CMV disease; and s/D, the series included fewer patients with CMV syndrome than with CMV disease. 


repaired, had occluded (Table 4). The differences in the 
number of mesenteric arteries developing stenoses of 
greater than 90% luminal reduction in the preoperative to 
postoperative interval and the preoperative to long-term in- 
terval were statistically significant (P=.01 and P=.04, 
respectively). Such differences in the postoperative to long- 
term interval were not statistically significant (P>.05), indi- 
cating that failure (possibly technical) occurred early after 
surgery and that, during follow-up, the reconstructions re- 
mained durably patent. 


COMMENT 


It is important to distinguish between CMV disease and 
CMV syndrome when evaluating the indication for and 
the results of reconstruction of the mesenteric arteries. In 
this respect, there is a close analogy between chronic in- 
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testinal ischemia and renovascular disease; in both con- 
ditions, the stenoses may be incidental and not associated 
with symptoms (mesenteric vascular disease) or hyper- 
tension (renovascular disease). Furthermore, there is no 
single test or combination of tests that can be used to re- 
liably dagnose either CMV syndrome or renovascular 
hypertension. Similarly, the diagnosis of CMV syndrome 
is a retrospective one that can be made only if the symp- 
toms have disappeared after technically successful recon- 
structive surgery. 

Chronic mesenteric vascular syndrome is very uncom- 
mon, but atheroma of the mesenteric arteries is often 
present in patients with peripheral vascular disease.*° 
Autopsy studies of unselected patients have shown that 
the prevalence of CMV disease is 35% to 70%. However, 
most patients with chronic occlusions of the mesenteric 
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arteries have no symptoms.!”° The incidence of bowel 
infarction in patients with CMV disease is unknown, but 
probably not low.?! 

Results of only five patient series have been published 
that discuss CMV syndrome exclusively and that include 
more than 10 patients.***2?3 Moreover, the mean 
follow-up in these reports ranged from 2 to 5 years, which 
is relatively short for these patients, who are often much 
younger than patiemts with peripheral vascular disease. 
The largest series has been reported by Rapp et all." In 
this series of 67 patients, the authors include not only 56 
patients with CMV syndrome, but also 11 patients with 
CMV disease. The mean follow-up was 4.4 years, but only 
five of the 60 patients could be followed up for longer than 
10 years. In comparison, our series includes only those 
patients with CMV syndrome and addresses both relief of 
symptoms and patency of reconstructions in 13 patients 
after a mean follow-up of 11.8 years. 

Classically, the CMV syndrome is defined by the pres- 
ence of chronic upper-abdominal pain provoked by eat- 
ing, weight loss, and an epigastric bruit.*”4 As our study 
demonstrates, however, this classic triad does not always 
appear in patients with CMV syndrome. In only one se- 
ries were all patients selected using this classic triad.‘ 
Only half of our patients exhibited all three classic symp- 
toms, but relief was achieved in all cases. This corrobo- 
rates the observations of others!>*1#152225 that weight 
loss and epigastric bruit do not occur in all patients with 
CMV syndrome. Although CMV syndrome may develop 
without weight loss, this symptom appears to be an im- 
portant characteristic and is assumed to be caused by a 
decrease in the size of patients’ meals Owing to postpran- 
dial pain rather than to malabsorption. Therefore, in- 
crease in body weight has been proposed as an objective 
parameter of the beneficial effects of increasing mesen- 
teric inflow in patients with CMV syndrome.?+°" This is 
supported by our findings of mean weight gain of 13.3 kg 
after surgery. An arterial bruit, per se, may not be asso- 
ciated with a hemodynamically significant stenosis. A 
midsystolic murmur indicates that flow and pressure 
gradient are essentially unchanged, but a loud diastolic 
murmur strongly suggests a stenosis severe enough to 
reduce flow and increase the pressure gradient.” The 
absence of a bruit does not exclude the possibility of an 
occluded artery Therefore, we believe that CMV syn- 
drome should ako be considered in the absence of a bruit 
in patients with chronic upper-abdominal pain and 
stenoses of the mesenteric arteries. 

Probably more important than the presence of the clas- 
sic triad for diagnosing CMV syndrome is the presence of 
stenoses in at least two of the three mesenteric arteries. It 
is generally accepted that abundant collateral circulation 
can easily compensate for impaired blood flow caused by 
one occluded vessel.*®’* This is also confirmed by two 
other observations: that acute occlusion of the superior 
mesenteric artery does not necessarily lead to symptoms 
of acute or chronic intestinal ischemia,’ and that patients 
with celiac artery compression syndrome may have symp- 
toms similar to those with CMV syndrome but that these 
symptoms usmally are not caused by impaired blood 
flow.” In our series, a mean of 2.2 mesenteric arteries per 
patient were severely stenotic. This decreased immedi- 
ately after recenstructive surgery to a mean of 0.5 artery 
per patient and, at long-term evaluation, to a mean of 1.0 
artery per patient. Because all patients were free of 
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symptoms at long-term evaluation, this adds legitimacy to 
the view that at least two arteries must be stenotic to pro- 
duce the CMV syndrome. Theoretically, repair of one of 
the mesenteric arteries may relieve the symptoms of CMV 
syndrome.**”"* However, during long-term follow-up, 
recurrence or progression of atheroma may cause a 
recurrence of symptoms. Therefore, we believe that 
long-term relief of symptoms can be best achieved by re- 
pair of more than one vessel, a view that is advocated by 
others. 219/15.22,23,30 

Many authors consider CMV disease an important risk 
factor for bowel infarction, which has a very high mortal- 
ity rate.*?!6253132 Therefore, it has been suggested that 
reconstructive surgery for CMV disease may be indicated 
for the prevention of bowel infarction.!**"* In our series, 
none of the 13 surviving patients developed bowel 
infarction during a follow-up period of more than 10 
years. These observations corroborate the view that 
reconstructive surgery may prevent bowel infarction in 
selected asymptomatic patients with two or more severe 
stenotic mesenteric arteries. 

A variety of surgical techniques have been advocated 
tor repair of the mesenteric arteries. Endarterectomies, 34 
reimplantations,' splenic arterial” or venous!* autolo- 
gous bypass grafts, and Dacron" or polytetrafluoro- 
ethylene * prosthetic bypass grafts have been used for 
revascularization of the mesenteric arteries. Some also 
recommend an antegrade’'?*” bypass graft, whereas 
others prefer a retrograde! position of the graft. These 
techniques seem to have comparable results, but most of 
the series are too small to produce definite conclusions 
about the superiority of one technique to another (Table 
5). Clearly, the choice of the techniques is based on the 
preference and experience of the surgeon. Our techniques 
are adapted to the cause, localization, and extent of the 
occlusive disease. For many years, we have preferred to 
use autogenous techniques for visceral arterial recon- 
struction because of the superior long-term results ob- 
tained in renovascular surgery.” 
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Chronic visceral ischemia is an enigmatic syndrome about 
which surprisingly little is known. While it generally appears 
as a complication of arteriosclerosis, it does not follow the 
usual rule of developing predominantly in elderly men. This 
study and many others confirm the predominantly female 
patient distribution of this condition and a mean age at diag- 
nosis between 50 and 60 years. I am fascinated by the four 
young patients in this series who all presumably suffered 
from poorly characterized conditions termed “arterial dys- 
plasia” and “fibrodysplasia.” While a young patient group 
such as this is rare in the United States, almost 30% of patients 
in this series from the Netherlands were young. 

Consider some of the important unknown details concern- 
ing chronic visceral ischemia. How often does this syndrome 
progress to bowel infarction? Is bowel infarction the antici- 
pated outcome of untreated intestinal angina? Surprisingly, 
we do not know if such progression is frequent or rare. Is 
there a bimodal age of presentation? With our rapidly aging 
population, are we going to encounter an increased incidence 
of chronic visceral ischemia in patients aged 80 years and 
more? How many vessels must be involved to cause symp- 
toms? While we were taught that at least two of the three vis- 
ceral arteries must be significantly stenotic to cause symp- 
toms, we have all seen patients with typical symptoms who 
have only superior mesenteric artery stenosis or occlusion. 
Similarly, we have seen occasional patients with all three vis- 
ceral arteries occluded who remain asymptomatic. 

I both agree and disagree with the authors’ recommenda- 
tions. I believe visceral reconstruction is best accomplished 
with prosthetic bypass grafts placed in either an antegrade or 
retrograde fashion originating from either the diaphragmatic 
aorta or the aortic bifurcation (or bifurcation prosthesis). Su- 
perior mesenteric artery revascularization clearly appears 
most important. I rarely perform celiac or inferior mesenteric 
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Invited Commentary 


artery re>air in patients who have undergone superior 
mesenterz artery revascularization, although I will make an 
exception in unusual circumstances (eg, a patient with a 
large, but stenotic, inferior mesenteric artery that provides 
substantia pelvic blood flow). I believe a high-quality arte- 
riogram saould be obtained soon after surgery and before 
discharge from the hospital for all patients undergoing 
mesenterie artery revascularization to confirm the patency of 
the visceral vascular repair. Such arteriograms have occa- 
sionally imdicated early occlusion, and have permitted 
prompt se-ond surgeries before the formation of early exu- 
berant adhesions. The authors found a disappointing 16% 
rate of resdual stenosis among patients for whom angio- 
grams had veen obtained within the first month after surgery. 

The long-term durability of visceral repair described in this 
article is er couraging and has been noted by others. Occa- 
sional late -ailures of arterial repair do occur, however, and 
the authors noted severe stenosis in one third of all visceral 
repairs at a nean follow-up of 11 years. The authors’ lengthy 
follow-up periods, during which additional arteriograms 
were obtaired, appears prudent and may lead to elective re- 
pair of high-grade recurrent stenosis before thrombosis. 
Finally, I am impressed with the remarkable advances in ab- 
dominal du>lex ultrasonography. The widespread availabil- 
ity of sucha noninvasive, accurate, and relatively inexpensive 
diagnostic test to screen selected patients will doubtless result 
in the early detection of many additional patients and may 
become as valuable as angiography in the long-term 
follow-up of patients who have undergone visceral revascu- 
larization. 

JoHN ML Porter, MD 
Portland, Ore 
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A consequence of today’s Trinsicon provides the nutrients 
transfusion climate needed to rebuild red cell mass 
| ]Many surgeons prefer to tolerate anemia | ]Provides iron as ferrous fumarate — for 
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postsurgical anemia B vitamins 
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by Association 


Collective action by iadependently practicing 
physicians can violate U.S. antitrust laws unless 
physicians proceed very cautiously. 


Case im point: 


At a recent medical society meeting, during 
the discussion of a proposed HMO agreement, 
severa. doctors said that they would not par- 
ticipate in the plan unless the payor increased 
reimbursement. If a substantial number of 
physicians later declined to participate in the 
HMO, he medical society and its members 
could be sued, and a jury could find them 
guilty of a group boycott in violation of U.S. 
antitrust laws. 
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Role of Oxygen-Derived Free Radical Scavengers 
in the Treatment of Recurrent Pain Produced 
by Chronic Pancreatitis 


A New Approach 


Aws S. Salim, PhD(Surg), FRCSEd, FRCSGlasg, FICS, FCICD 


@ This randomized double-blind trial examined the influ- 
ence of the radical scavengers allopurinol (50 mg per rec- 
tum, four times per day) and dimethyl sulfoxide (500 mg per 
rectum, four times per day) on pancreatic pain treated with 
intramuscular pethidine hydrochloride (100 mg followed by 
50 mg every 4 hours until complete pain relief) in patients 
given nothing orally and intravenously hydrated. Addition 
of allopurinol or dimethyl sulfoxide to the analgesic regimen 
significantly enhanced its efficacy, enabling at least 57% (13 
patients receiving allopurinol and 12 patients receiving 
dimethyl sulfoxide) of 43 patients to be free of pain within 
12 hours after admission compared with only four (17%) of 
23 controls achieving the same effect. This advantage 
extended to all patients within 24 hours after admission, 
leaving 11 controls (48%) still in pain. Consequently, all 
patients given allopurinol or dimethyl sulfoxide were dis- 
charged 3 days afteradmission, a result realized in only five 
(22%) of the assessable controls who were discharged after 
5 days of hospitalization. The results suggest that oxygen- 
derived free radicals are implicated in the mechanism of 
abdominal pain caused by alcohol-induced chronic pan- 
creatitis and that removing them results in a beneficial 
therapeutic effect. 
(Arch Surg. 1991;126:1109-1114) 


T he natural histary of alcohol-induced chronic pancre- 

atitis is punctuated by recurring episodes of acute 
inflammation. ! According to the Marseilles classification, 
this has been termed relapsing or recurrent chronic pancre- 
atitis. However, it is now customary to recognize pancre- 
atitis only as acute or chronic.? These episodes are usu- 
ally manifested by severe abdominal pain that can be very 
difficult to treat and may pose a therapeutic challenge. 
This pain is thought to be multifocal in origin and most 
commonly caused by increased intraductal pressure, 
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fibrosis or inflammation around peripancreatic nerves, or 
acute inflammatory attacks.! 

Oxygen-derived free radicals, such as the superoxide 
anion and hydroxyl radical, are cytotoxic and promote 
tissue damage.*® These radicals were recently shown in 
experimental animals to be implicated in the pathogene- 
sis of acute pancreatitis, and scavenging them ameliorates 
the severity of this disease. 1%" Although the clinical sig- 
nificance of such observations remains unknown, the 
possibility exists that in man, the inflammatory process 
associated with alcohol-induced chronic pancreatitis is 
mediated by oxyradicals. Since episodes of this process 
are clinically manifested in pain, the present study was 
designed to examine whether scavenging oxyradicals in- 
fluences the magnitude of the pancreatitis-induced ab- 
dominal pain. 


MATERIALS AND METHODS 
Drugs 


A 1% solution of allopurinol (Burroughs Wellcome Co, Re- 
search Triangle Park, NC) was prepared by dissolving the pow- 
der in double-distilled water containing the equivalent of 
0.1-mol/L of sodium hydroxide. A 10% solution of pharmaceu- 
tical grade (British Pharmacopoeia) dimethyl sulfoxide (Sigma 
Chemical Co, St Louis, Mo) was prepared by diluting the stock 
solution with double-distilled water. Solutions were placed in 
identical dark glass bottles of 600-mL capacity. Patients were also 
given pethidine hydrochloride (Martindale Pharmaceuticals, 
Romford, England) and metoclopramide hydrochloride (Maxo- 
lon, Beecham Research Labs, Brentford, Middlesex, England). 
All patients received the same amount of solutions. 


The Study Design 


This was a prospective, randomized, double-blind, controlled 
trial conducted on consecutive patients, known to have histo- 
logically proven (previously studied percutaneously under ul- 
trasonic control) alcohol-induced chronic pancreatitis, who pre- 
sented to The Medical City in Baghdad, Iraq, with a recurrent 
episode of abdominal pain. Randomization was carried out by 
drawing sealed envelopes. Treatment started immediately after 
the diagnosis of pancreatitis-induced abdominal pain. 

Chronic pancreatitis produced by alcohol is a continuing 
inflammatory disease of the pancreas characterized by irrevers- 
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ible morphologic change that typically causes pain and/or 
permanent loss of function. It occurs in patients with a clear his- 
tory of alcohol abuse who have none of the other etiologic fac- 
tors implicated in chronic pancreatitis (eg, hyperparathyroidism, 
ductal obstruction, hyperlipidemia, tropical malnutrition, he- 
reditary predisposition, etc). In all the patients studied, the di- 
agnosis of chronic pancreatitis had been previously made with 
endoscopic retrograde cholangiopancreatography (disorganized 
pancreatic duct pattern), ultrasonography, computed tomo- 
graphic scanning (calcification with or without ductal dilatation 
and gland shrinkage), pancreatic function tests (abnormally low 
output of pancreatic juice in response to secretin stimulation), 
and percutaneous histologic examination under ultrasound 
control (fibrosis, acinar destruction, dilated ductular structures, 
precipitates of proteinaceous material in the intercalated and 
canalicular ductules, and chronic inflammatory cell infiltration). 

A patient was judged suitable for this trial when all the 
following criteria were met: (1) the patient presented within 2 
hours of the onset of sudden, sharp, severe, and constant epi- 
gastric pain radiating to the back with or without nausea and/or 
vomiting; (2) no treatment had been given for the pain; (3) the 
patient had not abstained from alcohol; and (4) no generalized 
peritonitis was clinically detectable. 


Recruiting Criteria 


Patients were not recruited if one or more of the following 
were present: hematemesis; cholecystitis; biliary colic; pancreas 
divisum; pancreatic, biliary, or sphincteric surgery, pancreatic 
cancer, or evidence of trauma preceding the onset of the present 
or initial episode of pain; intake of any form of nonsteroidal 
anti-inflammatory drugs or steroids in the week preceding the 
onset of the abdominal pain, or hyperlipidemia; hyperparathy- 
roidism; fibrocystic disease; psychiatric disturbances; narcotic 
addiction; history of biliary disease and, in particular, gallstones; 
history of peptic ulceration or the Zollinger-Ellison syndrome; 
hiatus hernia; gastroduodenal surgery; presence of significant 
symptoms of other gastrointestinal disorders that would make 
it difficult to assess patients or to evaluate the efficacy and safety 
of the trial drugs, for example, severe irritable bowel syndrome 
or diverticular disease; cardiorespiratory problems; hepatic or 
renal disorders; pregnancy; or long-term steroid therapy. 


Treatment 


All patients had their medical histories recorded and were 
physically examined. They then fasted and were given 100 mg 
of intramuscular pethidine hydrochloride and admitted to the 
hospital for intravenous hydration, analgesia, and further in- 
vestigations. On admission, the following were tested: blood al- 
cohol levels, complete blood cell counts, electrolytes, serum 
amylase levels, calcium levels, urea, urate, creatinine, liver 
function, serum protein levels, glucose, lactate dehydrogenase, 
arterial blood gases, and urine samples. All tests, except for the 
alcohol levels, were repeated every other day until patients were 
discharged. All patients were offered psychiatric assessment by 
an independent clinical psychologist, who was unaware of the 
study’s protocol or regimen, to determine those suffering from 
an anxiety syndrome partly manifested as abdominal pain that 
can be more effectively treated with appropriate support and 
antidepressant therapy. This assessment was made soon after 
admission, before the patients were randomized, and once again 
at the end of their first day in the hospital. Plain abdominal 
roentgenography was conducted to exclude visceral perforation. 
Upper gastrointestinal tract endoscopy was performed with the 
patient under sedation, within 6 hours after admission, when 
the esophagus, stomach, and duodenum to the ampulla were 
closely examined for ulcers, scars, and inflammation. Ultrasonic 
examination of the abdomen was also carried out on all patients 
after admission (to examine the pancreas and to exclude any ev- 
idence of biliary disease, particularly gallstones). Following the 
endoscopic examination, patients were randomized to one of the 
study groups. They were all treated with the same conservative 
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regime of nothing by mouth, intravenous hydration, intramus- 
cular pthidine hydrochloride (50 mg every 4 hours until com- 
plete pzin relief), and intramuscular metoclopramide hydrochlo- 
ride (1# mg every 8 hours), until free fluids by mouth were 
comfor ably tolerated. Patients with diabetes continued receiv- 
ing insalin therapy, but the dosage was tailored according to 
each irdividual’s need. The oral pancreatic enzyme supple- 
ments, with or without H,-receptor antagonists, that some pa- 
tients were receiving were held back until the patients resumed 
solid food intake. Once patients became asymptomatic and their 
abdominal pain had disappeared, the pethidine was discontin- 
ued anc they were offered sips of water orally for 6 hours. If tol- 
erated well, they were allowed unrestricted fluid intake. Twelve 
hours after this intake had been tolerated without any compli- 
cations, the metoclopramide therapy was stopped, the intrave- 
nous lire was disconnected, and patients were gradually rein- 
troduced to solid food and began receiving any pancreatic 
enzyme supplements, with or without H,-receptor antagonists, 
that they were originally using. Diabetic patients were, at this 
stage, seinstituted on their original insulin regimen. When 
patients remained completely asymptomatic after at least three 
meals, they were discharged. The diabetic patients were referred 
to a diabetes clinic for monitoring. Arrangements were made for 
all patients to be seen at a special clinic for alcoholics, in the hope 
that they might be helped to stop drinking. In addition, they 
were rezularly followed up at the surgical outpatient clinic. 

Durirg hospitalization, patients were questioned three times 
each day and physically examined twice daily to assess their 
progress. The end point of the study was reached and its treat- 
ment ccde was broken when a patient was discharged from 
hospital 

The cempliance of patients with their therapeutic regimen was 
carefully monitored on special charts and any adverse effects 
were promptly recorded. 


Ethical Considerations 


This sudy was approved by the Ethical Committee on Human 
Experimentation of the hospital and every patient gave written 
informed consent. 


The Study Groups 


Seventy-eight consecutive patients with a recurrent episode of 
abdomimal pain caused by alcohol-induced chronic pancreatitis 
were randomized to one of three groups and treated per rectum 
until 24 10urs after the abdominal pain had disappeared. In the 
first gro ap, patients received 5 mL of the vehicle solution of al- 
lopurind four times each day. In the second group, patients re- 
ceived = mL (50 mg) of allopurinol four times each day. In the 
third greup, patients received 5 mL (500 mg) of dimethyl sulfox- 
ide four times each day. 


Exclusion From Assessment 


Exclusion was based on the following rigidly applied criteria: 
(1) signi icant adverse reactions to the therapeutic regimen; (2) 
intoleramce of this regimen; (3) failure to comply with the regi- 
men; (4) concomitant treatment, during the study, with any form 
of medicine to avoid unknown therapeutic effects, and (5) the 
abdomir al pain was believed to be largely produced by anxiety. 

Patients were regarded nonassessable for efficacy analysis be- 
fore the treatment code was broken. Additional intention-to- 
treat anclyses were made, reincluding such patients and using 
various heoretically possible outcomes to examine what influ- 
ence ther exclusion might have had on the conclusions reached. 


Statistical Analysis 


Resul are expressed as percentages or means+SEMs. The 
Wilcoxoa signed-rank test for paired nonparametric data was 
used to cetermine the statistical significance (P<.05) of observed 
differenees within each group, and the Mann-Whitney U test for 
nonparametric data or the x° test with Yates’ correction were 
employed for comparisons between the groups. 


Free Radical Scavengers—Salim 


Table 1.—Assessability of Patients Table 2.—Patient Characteristics 





¥ Group Group 
oN, L$} 5, 
Dimethyl Dimethyl 
Control Allopurinol Sulfoxide Control Allopurinol Sulfoxide 












No. of patients 23 22 21 


Age, y 
Mean 


Total entered 






Fully assessable 






Not assessable because cf 
Intolerance 





Range 


Sex, No. 
F 


M 


Mean duration of 






Adverse reactions 






Noncompliance 
Use of prohibited Grugs 
Pain related to anxiety 





















alcohalism, y 21.4 19.8 23.7 
Total not assessable Mean ethanol intake, g/d 185 179 188 
Mean length of abdominal 
Life-table analyses with Mantel-Cox (log-rank) and Breslow pain history, y 7.3 8.2 7.7 
eneralized Wilcoxon statistics’? were used to evaluate the sta- 
TEFA differences between the treatment regimens. Pairwise = # : h eh apes 6.1 6.7 5.9 
comparisons were made between groups with or without radi- ib: iia biagi l i 
cal scavengers. Cox proportional-hazards models were then Pancreatic calcification 
used to investigate the effect of the radical scavengers on the on roentgenography 8 6 6 
outcome of treatmentwith conventional agents when the other Diabetics, No. 8 7 7 
factors were taken into account as covariates. , 
Pancreatic exocrine 
RESULTS insufficiency, No. 12 10 11 
Patient Characteristics Weight lass, % of total 
; i <5 
Twenty-seven patients (26 men and one woman, with 
a mean age of 41 years [range, 31 to 67 years]) were ran- 3-10 
domized to the control group. Twenty-five patients (23 >10 
men and two women, with a mean age of 38 years [range, 
W  30t0o65 years]) were randomized to the allopurinol group. orrhea, for which they were given pancreatic enzyme 
Twenty-six patients (25 men and one woman, with a supplements with H,-receptor antagonists. 
mean age of 39 years [range, 31 to 63 years]) were All the patients studied had impaired appetite and were 
randomized to the dimethyl sulfoxide group. These underweight. They admitted that recurrence of their ab- 
patients were randomized from a total of 112 cases (107 dominal pain was always triggered by an increase in their 
men and five women, with a mean age of 42 years |range, usual alcohol consumption. The distressing fact that 
28 to 69 years]) of alcohol-induced chronic pancreatitis emerged after direct questioning was that the majority of 
seen during the study. these patients had no real interest in quitting alcohol. 
Twenty-three patients of the control group, 22 of the Apparently many of them increased their alcohol intake 
allopurinol group, and 21 of the dimethyl sulfoxide group after experiencing abdominal pain believing that this 
were assessed. The patients excluded from the assess- would help ease the pain, thereby entering a vicious cir- 
ment are presented in Table 1. The characteristics of the cle of increased alcohol intake leading to abdominal pain 
remaining patients (Table 2) are similar in terms of num- and vice versa. 
ber, age, sex ratio, and history among the three groups. On presentation, the abdominal pain was similar 
ra among the patients. It was sharp, constant, epigastric, 
General Observations and radiating to the back. Examination showed all pa- 
All the patients recruited into the study were smokers tients to be distressed and to have a marked degree of ep- 
who drank coffee every day. The duration of alcohol con- igastric guarding with tenderness. Five patients in each of 
sumption was similar among the three groups, as also the control (22%) and allopurinol (23%) groups and three 
were the amount of ethanol intake every day, the dura- patients in the dimethyl sulfoxide group (14%) were 
tion of symptoms, and the number of episodes of ab- jaundiced. The plain abdominal roentgenograms showed 
dominal pain. None of these episodes were treated with speckled pancreatic calcification in eight controls (35%) 
other than narcotic analgesics with or without antiemet- and in six members of each of the allopurinol (27%) and 
ics and antispasmocics. Eight (35%) of the 23 controls and dimethyl sulfoxide (29%) groups. 
seven patients in each of the allopurinol (32%) and dim- A X 
ethyl sulfoxide (33%) groups were diabetic and were re- Therapeutic Regimen 
ceiving insulin therapy. All these patients were among Only one patient in the dimethyl sulfoxide group was 
the 12 controls (525), the 10 patients in the allopurinol intolerant of the therapeutic regimen. The most common 
¿ group (45%), and the 11 patients in the dimethyl sulfox- adverse reactions to allopurinol and dimethyl sulfoxide 


ide group (52%) who had pancreatic exocrine deficiency are allergies, general malaise, headache, nausea, vomit- 
(impairment of pancreatic function as judged by an ing, dyspepsia, and abdominal pain. Such reactions are 
abnormally low output of exocrine enzymes in response difficult to assess in patients presenting with abdominal 
to secretin stimulation), causing malabsorption and steat- pain and nausea/vomiting. However, five patients in the 
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Table 3.—Comparison Between Groups | 


White blood cell count, 
x 10°/L 
Before treatment 


After 2 d 
After 4 d 


Serum amylase, U/L 
Before treatment 


After 2 d 
After 4 d 


Serum lactate 
dehydrogenase, U/L 
Before treatment 


After 2 d 
After 4 d 


Control 


9.3220.3 
9.41 £0.2 
6.27 £0.3 


376 £6.7 
241 £5.1 
167+1.3 


382+ 6.7 
331255 
254+5.1 


Group 


Allopurinol 


10.7120.) 


5.8502" 
5.11+0.3 


351. 24.2 
WZTE2.1F 
1292© 13 


3997.1 
205 +4.2t 
151 22.77 


Dimethyl 
Sulfoxide 


9.62 =0.2 
5.72203" 
5.31+0.4 


391 25.9 
137+3.3t 
1142.1 


379299 
198+ 3.9T 
168 + 3.3f 


id re bs 
+P<.001 compared with the control group. 


allopurinol group were clearly experiencing drug-related 
adverse reactions in the form of allergic conditions (skin 
itching and erythematous eruptions) and headache that 
were troublesome enough to stop administration of the 
drug in two of them. In the dimethyl sulfoxide group, 
headache appeared to be the main adverse reaction and 
occurred in three patients, but warranted withdrawal in 
only two of them. 


Biochemical and Hematologic Data (Table 3) 


All the patients studied had an elevated blood alcohol 
level. The pretreatment values of white blood cell count, 
serum amylase, and lactate dehydrogenase were not sig- 
nificantly different. Two days later, the white blood cell 
counts in the allopurinol and dimethyl sulfoxide groups 
were significantly (P<.05) lower than their values before 
treatment and those of controls. Four days after treat- 
ment, the white blood cell counts of controls were still 
higher than those of patients in the other groups but not 
significantly so. After 2 days of treatment, the amylase 
levels of all groups were significantly (P<.001) lower than 
pretreatment values. At this stage, the values in the 
allopurinol and dimethyl sulfoxide groups were signifi- 
cantly (P<.001) lower than those of controls. Two days 
after admission, lactate dehydrogenase values of the 
allopurinol and dimethyl sulfoxide groups were signifi- 
cantly (P<.001) lower than pretreatment values and those 
of controls. Two days later, lactate dehydrogenase values 
of controls were still significantly (P<.001) higher than 
those of patients in the other groups. 

Pretreatment serum bilirubin and alkaline phosphatase 
levels were higher than normal in five patients in each of 
the control and allopurinol groups and in three patients 
in the dimethyl sulfoxide group (mean serum bilirubin 
values for these cases were 38 pmol/L, 42 pmol/L, and 
35 pmol/L, respectively). These values, however, re- 
turned to normal by the fourth day after admission. 


Clinical Progress (Table 4) 


Addition of allopurinol or dimethyl] sulfoxide to the an- 
algesic regimen significantly enhanced its efficacy, en- 
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Table 4.—Clinical Progress 


Group 


Dimethyl 


Control Allopurinol Sulfoxide 


Patients without pain, 
Ne. (%) 
After 12 h 


After 24 h 
After 36 h 
After 48 h 


Patients with epigastric 
temderness, No. (%) 
After 2 d 


After 3 d 
After 4 d 


Patients tolerating free 
fluids for 12 hours, 
Ne. (%) 

After 36 h 


After 48 h 
After 72 h 


Patients tolerating three 
so id meals, No. (%) 
After 2 d 


After 3 d 
After 4 d 


Patients discharged home, 
Ne. (%) 
After 3 d 


After 4 d 
After 5 d 





abling at least 57% of patients (13 patients receiving 
allopurinol and 12 patients receiving dimethyl sulfoxide) 
to beccme free of pain within 12 hours after admission 
compa-ed with only 17% of controls achieving the same 
effect (?<.01). This advantage extended to all patients by 
24 hours after admission in contrast to 11 controls (48%) 
who still experienced pain (P<.01). 

Simi ar therapeutic gains were also made by epigastric 
tenderness. Allopurinol and dimethyl sulfoxide were ob- 
served to have significantly (P<.01) accelerated the re- 
sponse of this tenderness to treatment by analgesia alone 
when examined at the second and third day after admis- 
sion. These influences were reflected in the patient's abil- 
ity to return to oral intake of fluids and food. Allopurinol 
or dimethyl sulfoxide enabled significantly (P<.01) larger 
numbers of patients than controls to tolerate free fluids 
within 36 hours after admission, and extended this 
advantage to all patients by 48 hours after admission 
compa-ed with only 48% of controls tolerating free fluids 
at this stage (P<.01). Consequently, the numbers of pa- 
tients given allopurinol or dimethyl sulfoxide who had 
their irtravenous line disconnected 36 and 48 hours after 
admission were significantly (P<.01) larger than those of 
the controls. The implication was that more (P<.01) pa- 
tients given allopurinol or dimethyl sulfoxide were com- 
fortably tolerating solid foods 2 and 3 days after admis- 
sion. 

Between the third and fourth days after hospitalization, 
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jaundice was no langer apparent in any of the patients 
who had had it. 

All the patients g- ven allopurinol or dimethyl sulfoxide 
were discharged 3 cays after admission, a result achieved 
in only five (22%) of the controls (P<.01), whose dis- 
charge was complete by the fifth day after hospitalization. 

A series ef Cox proportional-hazard models was fitted 
using as covariates all factors other than treatment with 
radical removing agents to obtain a group of patients and 
conditions that independently and significantly influence 
the rate of disease relapse and remission. Treatment with 
allopurinol or dimethyl sulfoxide was then added as a 
separate covariate. Longer duration of symptoms, larger 
number of episodes, sudden increases in the amount of 
ethanol regularly consumed, diabetes, elevated serum 
bilirubin and alkaline phosphatase levels, and exocrine 
deficiency all had a significantly (P<.001) detrimental ef- 
fect on the rate of ebdominal pain relapse. When allow- 
ances were made fo~ these and all the other nonsignificant 
variables, treatmen- with allopurinol or dimethyl sulfox- 
ide continued to exert a significant beneficial effect on the 
control of abdomimal pain caused by alcohol-induced 
chronic pancreatitis (P<.01). 

The influence of method of analysis on the response of 
pain to treatment was studied. Intention-to-treat analyses 
were made to determine what might have happened if all 
patients had been assessable. This required postulating 
that some patients would have become asymptomatic or 
continued to suffe abdominal pain at various times. 
When all or none of the excluded patients were assumed 
to have been relieved of their abdominal pain, allopurinol 
and dimethyl sulfoxide had a significant (P<.01) effect on 
the pain control afsorded by pethidine alone 12 and 24 
hours after admissien. On the other hand, when only the 
excluded controls were assumed to have been relieved of 
their pain, while the patients excluded from other groups 
were assumed to rernain in pain, allopurinol and dimethyl 
sulfoxide centinued to potentiate the pain control af- 
forded by pethidine Eowever, this only reached statisti- 
cal significance (P<05) after 24 hours of treatment with 
allopurinol. 


COMMENT 


The abdominal pain caused by alcohol-induced chronic 
pancreatitis is a disfinct entity providing particular prob- 
lems in treatment. This is not only because the pain may 
be very difficult to reat, thus posing a therapeutic chal- 
lenge, but also beceuse it can lead to narcotic addiction 
and to significant psychological disturbances. Conse- 
quently, serious socio2conomic problems constitute an 
added dimension ia the implications of this pain. Fur- 
thermore, medical treatment of the pain is likely to fail 
unless the patient gives up alcohol completely, a result 
usually requiring tte support of special clinics. On the 
other hand, intractapility of pain may call for no less than 
total pancreatectomy after the patient has completely 
given up aleohol, an operation which, in inexperienced 
hands, is likely to have unacceptable rates of mortality 
and morbidity.** Itis, therefore, apparent that any mea- 
sure that can safey control, or at least reduce, the 
pancreatitisinducec pain will have far-reaching social 
and economic advantages, besides obvious medical im- 
plications. 

The treatment of this troublesome symptom has not 
changed significantly in the past few years. Apart from 
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insisting on total abstinence from alcohol, the treatment 
of pancreatic pain includes analgesia (narcotic or nonnar- 
cotic agents alone or with nonsteroidal anti-inflammatory 
drugs) with or without tricyclic antidepressants, antineo- 
plastic agents, or pancreatic enzyme supplements. ! Most 
of the sensory nerves to the pancreas pass through the 
celiac ganglion and splanchnic nerves. In patients with 
pancreatitis whose exocrine and endocrine functions have 
already been compromised, nerve ablation procedures 
with the percutaneous injection of anesthetic agents, eth- 
anol, or phenol have been used to achieve pain relief." 
The results of these procedures, however, have been dis- 
appointing, with no more than half of the treated cases 
achieving pain relief for about 2 months." 

Pain in chronic pancreatitis is thought to be multifacto- 
rial in origin. The causes commonly implicated in its 
mechanism are increased intraductal pressure, fibrosis, 
and inflammation around peripancreatic nerves, acute 
inflammatory episodes, and pancreatic pseudocysts 
(>5 cm).'* While one or more of these causes could explain 
persistent pancreatic pain, they do not appear to provide 
a satisfactory explanation for the mechanism of acute ep- 
isodes of pain that are typical of chronic pancreatitis. The 
possibility exists that this mechanism involves autodiges- 
tion of pancreatic tissue. Regardless of the specific cause 
of the acute episodes of pain, the cardinal feature of 
chronic pancreatitis is a continuous inflammatory process 
with round-cell infiltration.’ Since oxygen-derived free 
radicals are cytotoxic agents that produce tissue damage 
and mediate inflammation,*? and since these radicals are 
released by oxidative bursts from inflammatory cells, '° it 
may well be that they mediate the mechanism of pancre- 
atic pain and its recurrent episodes. Nonaka et al" 
reported that oxyradicals are a key factor in the develop- 
ment of acute pancreatitis in experimental animals and 
that the imbalance between the offense system repre- 
sented by xanthine oxidase and lipid peroxide and the 
defense system represented by superoxide dismutase in 
the tissue might be an important cause of tissue damage 
induced by the said radicals. 

Dimethyl sulfoxide is a scavenger of hydroxyl radicals, 
and allopurinol is also a potent scavenger of these 
radicals” besides inhibiting the enzyme xanthine oxidase, 
which is responsible for the formation of superoxide rad- 
icals.’ These agents significantly intensified the efficacy of 
conventional treatment of recurrent episodes of 
pancreatitis-induced pain with narcotic analgesics (Table 
4), and significantly reduced white blood cell counts and 
lactate dehydrogenase levels (Table 3). The serum lactate 
dehydrogenase level is an indication of the amount of tis- 
sue destruction and may reflect the magnitude of pancre- 
atic and peripancreatic inflammation and necrosis'®; the 
white blood cell count is a measure of the local tissue re- 
action. Thus, the beneficial clinical effects were coupled 
with indicators of reduced pancreatic irritation and/or in- 
flammation. The similarity in efficacy between allopurinol 
and dimethyl sulfoxide and the fact that the only action 
they share is scavenging oxygen-derived free radicals 
(Tables 3 and 4) suggest that this action was responsible 
for the effects achieved by these two agents. Conse- 
quently, oxyradicals are directly implicated in the mech- 
anism of recurrent episodes of chronic alcohol-induced 
pancreatitis and its associated abdominal pain, by medi- 
ating the tissue inflammation and destruction behind 
these episodes. One of the major advantages of using 
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radical scavengers was the accelerated discharge of pa- 
tients from the surgical unit, an extremely important point 
in terms of easing the bed shortage and also in terms of 
considerable savings in costs and manpower. 

Although dimethyl sulfoxide directly scavenges hydroxyl 
radicals, it has also been shown to inhibit inflammatory cell 
functions.” Since these cells can participate in the process of 
tissue injury by the sudden oxidative bursts that yield reac- 
tive oxygen species, !*’’ and since these cells also mediate the 
inflammation associated with the recurring episodes of 
chronic pancreatitis, it is possible that dimethyl sulfoxide 
might have combated free radicals to a greater or lesser ex- 
tent by inhibiting inflammatory cell functions. This action 
could also have participated independently in reducing the 
magnitude of the pancreatitis-induced episodes through an 
anti-inflammatory activity. Oxygen-derived free radicals are 
known to be generated by smoking. Since all the patients 
studied were smokers, it might be argued that the beneficial 
effects incurred by the radical scavengers can only be 
expected in smokers. Such an argument cannot be sus- 
tained, because these agents influenced laboratory values 
known to reflect the aggressiveness of the pancreatitis ep- 
isode and to be common to chronic pancreatitis with or 
without smoking. The present investigation did not study 
patients with chronic pancreatitis with an anxiety syndrome 
that can influence the degree of their abdominal pain. This 
was partly because, in such patients, the pain may disap- 
pear with appropriate support and antidepressant therapy, 
and partly because the study was designed to examine in- 
fluences exerted on the pain by organic means. Neverthe- 
less, the study would have been strengthened if assessment 
of pain had been based on objective grades of pain severity 
such as linear analog scales. Although it has been suggested 
that pancreatic enzyme supplements known to increase in- 
traduodenal trypsin activity can relieve the pancreatitis- 
induced pain in some cases,” none of the patients using 
such supplements noticed any advantages in terms of the 
frequency or severity of pain and continued to depend on 
conventional methods to treat their episodes. 

In conclusion, the results suggest that oxygen-derived 
free radicals are directly implicated in the mechanism of 
recurrent abdominal pain caused by alcohol-induced 
chronic pancreatitis and that scavenging them incurs a 
beneficial therapeutic effect. 


I am grateful to S.H. Alwash, MD, for the opportunity to under- 
take this study at The Medical City and I thank the residents for their 
continued help during the course of the program. I am also grateful 
to Moira Cairney and Jutta Gaskill for their skillful secretarial work. 
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A Prospective, Randomized Comparison of Computed 
Tomography With Conventional Diagnostic Methods 
in the Evaluation of Penetrating Injuries to the 
Back and Flank 


David W. Easter, MD; Steven R. Shackford, MD; Robert F. Mattrey, MD 


© We prospectively compared computed tomography with 
conventional diagnostic methods in the evaluation of pen- 
etrating injuries to the back and flank in 85 patients. Imme- 
diate laparotomy was performed in 24 patients because of 
physical findings, and these patients were not randomized. 
Nine unnecessary eperations were performed in this group, 
and these nine patients had significantly higher hospital 
costs than patients in either randomized group. In the ran- 
domized patients, there were only three true-positive and 
three false-positive findings. Both computed tomographic 
evaluation (31 patients) and conventional evaluation (30 
patients) were highly accurate and specific for injuries that 
required operation. Evaluation with computed tomography 
required a longer time to make a hospital disposition but 
required fewer diagnostic tests. Computed tomography can 
be useful in the assessment of penetrating injuries to the 
back and flank. 
(Arch Surg. 1991;126:1115-1119) 


P enetrating injuries to the back and flank are difficult 

to evaluate and manage. Because of the low inci- 
dence of visceral damage and the inaccuracy of the initial 
physical examination, observation and repeated physical 
examinations of patients with these injuries have been 
advocated. *? Although many operations are avoided with 
this approach, unnecessary laparotomies remain frequent 
(7% to 29%) and can be associated with considerable 
morbidity .** 

Recently, computed tomography (CT) has been utilized 
in the diagnostic approach to penetrating injuries of the 
back and flank. Two independent reports have demon- 
strated the diagnostic accuracy of CT evaluation for such 
injuries.*° Neither study, however, compared CT evalu- 
ation with conventional evaluation methods. In an at- 
tempt to determine the role of CT in the evaluation of 
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penetrating injuries to the back and flanks, we compared 
CT with conventional diagnostic methods in a prospec- 
tive, randomized fashion. 


PATIENTS AND METHODS 


All patients with penetrating injuries to the back or flank 
(posterior aspect of the abdomen) were considered eligible for 
the study. Those patients with clearly superficial injuries, as de- 
termined by initial evaluation, were treated and released with- 
out being enrolled in the study. 

Injuries from all penetrating objects (knives, glass, bullets, pel- 
lets, etc) were included for study if (1) the site(s) of entry or exit was 
located within the posterior aspect of the abdomen and flanks (area 
bounded by the anterior axillary lines, scapula tips, and iliac crests; 
Fig 1); (2) the patient was at least 18 years of age and able to give 
informed consent; (3) the patient had no known allergy to radio- 
graphic contrast material; and (4) the initial assessment of the pa- 
tient did not reveal an indication for immediate operation. Indica- 
tions for immediate operation were evisceration, positive results of 
diagnostic peritoneal lavage (peritoneal lavage was performed be- 
fore randomization for the evaluation of suspected intra-abdominal 
injuries in patients who had wounds to both the posterior and an- 
terior aspects of the abdomen), nature of the injury (high-velocity 
missile), hemodynamic instability (systolic blood pressure less than 
90 mm Hg after initial resuscitation), or signs of peritonitis. Patients 
considered to have indications for immediate operation were not 
randomized, but hospital records were used for comparison with 
the study groups. 

Those patients without indications for immediate operation 
were, according to the last digit of their hospital number, 
randomized to the “conventional evaluation group” or the “CT 
evaluation group.” The conventional evaluation was directed by 
the in-hospital attending trauma surgeon. All patients under- 
went serial physical examinations and chest roentgenography. 
Further studies, such as local wound exploration, abdominal 
roentgenography, intravenous urography, diagnostic peritoneal 
lavage, or angiography, were performed when considered by 
the attending surgeon to be diagnostically useful. 

In the CT evaluation group, wounds were marked with 
iodine-impregnated gauze (which appears radiopaque on the 
CT scan). One liter of water-soluble contrast material was 
introduced into the stomach via a nasogastric tube during the 
30- to 60-minute interval before CT scanning. Preliminary 
10-mm-thick sections were obtained ev 2 cm over the 
16-cm area surrounding the wound site(s). If, based on these 
initial scans, colon injury was believed to be a possibility, a 
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Fig 1.—Anatomic boundaries of the posterior aspect of the abdo- 
men for the purposes of our study include the tips of the scapulae, 
the iliac crests, and the area posterior to the anterior axillary lines 
(shaded areas). 


Table 1.—Mechanism of Injury* 















Immediate Conventional 
Injury Operation CT Evaluation Total 
Stab 13 27 27 67 (77.9) 





Gunshot 7 3 0 10 (11.6) 
Shotgun 4 1 2 7 (9.3) 
Glass 0 0 1 T (1:2) 
Total 24 (28.2) 31 (36.5) 30 (35.3) 85 (100) 











*CT indicates computed tomography. Values are number (percent) of 
patients. 


1-L water-soluble contrast agent enema was given. Next, the 
entire abdomen and pelvis (including the injury site) were 
scanned during the intravenous infusion of contrast material 
(Angiovist 370, Bulix, NJ), with 10-mm-thick sections every 
1.5 cm. Roentgenograms were then immediately viewed by 
both the on-call radiology resident and the trauma surgeon at 
the appropriate window and center display settings. 

Patients were accompanied throughout their diagnostic pro- 
cedures by surgical house staff. A separate reading of the CT 
scans was made by one of us (R.F.M.) without knowledge of the 
initial interpretation or case outcome. 

Data were compiled for each patient to compare Injury 
Severity Scores (ISSs),” the amount of time necessary for ini- 
tial diagnosis and disposition of the patient, length of hospi- 
tal stay, and total hospital charges. Student's £ test (unpaired) 
was used to evaluate statistical significance between groups, 
and P<.05 was considered statistically significant. The sensi- 
tivity of evaluation methods was calculated as the number of 
true-positive results expressed as a percent of all truly injured 
patients (true-positive and false-negative results). Specificity 
describes the number of true-negative results as a percentage 
of all uninjured patients (true-negative and false-positive re- 
sults). Accuracy describes the “closeness to the truth,” ie, the 
sum of true-positive and true-negative results as a percentage 
of all tests performed. Positive predictive value is a ratio of 
the true-positive results to all positive results; negative pre- 
dictive value is a ratio of the true-negative results to all 
negative results. 
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“able 2.—Comparison of Patients Undergoing 


Immediate Laparotomy With Those Who 







¥ f E 


Immediate Randomized 
Variable Operation Patients 


















ISS 19.0+3.0 5.04.17 
Time, min 50+8 108 + 10t 
Days W223 2.0+0.5t 
Cost 19 317+3787 3951+514t 








*Values are mean+SEM. ISS indicates Injury Severity Score; time, 
time until hospital disposition; days, duration of hospitalization; and 
cost, cost ef hospitalization in US dollars. 

tP<.00 . 


The study protocol was approved and monitored by the Uni- 
versity of California, San Diego, Committee on the Use of Hu- 
mans as Research Subjects. 


RESULTS 


Between December 1985 and January 1987, a total of 85 
patients with penetrating injuries to the posterior aspect 
of the ecbdomen and flanks were admitted for study 
through the University of California, San Diego, Medical 
Center Trauma Unit. Most of the patients had been 
stabbed (Table 1). 


Immediate Operation 


Twenty-four patients underwent immediate operation 
based on the findings of their initial evaluation. Injuries 
in this group were more severe when compared with 
those who were randomized (Table 2). Randomized 
patients also required more evaluation time, had shorter 
hospital stays, and had lower average hospital charges. 

Criteria used in the decision to proceed with immedi- 
ate operation were very sensitive in the detection of inju- 
ries that required operative repair, as only three random- 
ized patients required subsequent surgical intervention 
(Table 3). 

Few tests were necessary in the decision for immediate 
exploration of these patients (Table 4). Four patients, who 
were in 2xtremis on arrival, underwent no preoperative 
diagnostic studies. The indication for operation was 
“physical examination” findings in 62% of patients. In 
four of the 14 patients who were believed initially to ex- 
hibit peritoneal signs requiring celiotomy, explorations 
yielded normal findings, giving a false-positive rate of 
43% for physical examination. In nine patients in the 
group that underwent immediate operation, findings at 
operation required no repair or intervention (no débride- 
ment, drainage, hemostatic measures, etc). In the remain- 
ing 15 patients, findings indicated intervention; thus, a 
true-pos'tive rate of 60% was found for the initial evalu- 
ation method (Table 3). 

Three patients in the immediate operation group de- 
veloped major complications. Two patients with severe 
injuries ISSs, 42 and 51) had recurrent intra-abdominal 
abscesses. The third patient developed non-A, non-B 
hepatitis following blood transfusions and required read- 
mission +o the hospital for supportive measures. Four pa- 
tients developed minor complications, including two with 
transient pancreatitis, one with a colostomy stricture (re- 
quiring dilation), and one with an unexplained seizure 
during recovery from anesthesia. 


Penetrating Back and Flank Injuries—Easter et al 


Table 3.—Accuracy of Evaluation Methods* 


immediate CT Conventional 
Operation* Evaluation Evaluation 





Result 


True-positive 













False-positive 9 1 2 
True-negative 58t 28 27 
False-negative 3t 0 0 






Total 






Predictive value, % 
Positive 







Negative 
Sensitivity, % 83 100 100 
Specificity, % 86 96 93 


Accuracy, % 







*CT indicates computed tomographic. Values are number of patients. 
tBy design, those with “negative” immediate assessment findings 
were randomized into conventional or CT evaluation. 


Table 4.— Diagnostic Investigation* 


Immediate CT Conventional 
Test Operation Evaluation Evaluation 


Physical 





Total 















examination 24 31 30 85 
Urography 20 Ot 15 35 
Cystography 0 0 1 1 
Peritoneal 

lavage 6 2 10 18 
Angiography 





*CT indicates computed tomographic. Values are number of patients. 
tThe equivalent of an intravenous urogram was obtained with each 
CT scan. 





Fig 2.— Computed tomographic of a patient with a stab wound in 
the left flank. The margins of the kidney are lost in Gerota’s fascia, 
and substantial renal parenchymal damage is seen. At exploration, 
this patient required a left-sided nephrectomy. 


CT Evaluation 


Thirty-one patients were randomized to CT evaluation. 
Nine of these scans identified patients with injuries deep 
to the muscles of the back and/or flank. Three patients had 
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sufficient findings to warrant operative repair. One of 
these had a renal hilar injury that required nephrectomy 
(Fig 2). The second patient required spinal exploration 
and dural repair for bullet fragments that on CT scan were 
found to lie within the spinal canal. The third patient (a 
false-positive result) had both back and neck injuries. The 
CT scan of his abdomen demonstrated bullet fragments 
thought to be located in the region of his pancreas. Dur- 
ing combined neck and abdomen exploration, the missile 
was found within his intact stomach, ie, he had swal- 
lowed it through the injury in his cervical esophagus. 
None of the 28 patients with normal CT scans required 
late operation. Twenty-two patients had injuries clearly 
confined to the superficial tissues of the back or flank. 
There were no complications in the group of patients who 
underwent CT evaluation. 

Computed tomographic evaluation yielded 28 true- 
negative, one false-positive, and two true-positive re- 
sults, for an accuracy of 97% and a specificity of 96% 
(Table 3). 

The reading of all CT scans by the on-call radiology 
resident and the trauma surgeon agreed with the final 
reading by the attending radiologist and one of us 
(R.F.M.), who was “blinded.” No CT interpretation was 
changed markedly on review. The scans of three patients 
incidentally revealed abnormalities unrelated to their 
trauma, including a complex ovarian mass, a renal mass, 
and a renal cyst. These findings were investigated further 
electively. 

Few additional tests were used in combination with CT 
evaluation (Table 4). One of the two diagnostic peritoneal 
lavages performed in this group was performed at a 
referring hospital before transfer to University of Califor- 
nia, San Diego. The results of this procedure were 
reported as “negative,” but CT evaluation identified a re- 
nal hilar injury that prompted exploration and nephrec- 
tomy for extensive parenchymal and hilar damage (re- 
ferred to above). One local wound exploration in this 
group yielded a false-positive result, ie, an injury ex- 
plored in the resuscitation room was thought to enter the 
peritoneum but was found to be clearly superficial on CT 
evaluation. 


Conventional Evaluation 


Thirty patients were randomized into the conventional 
evaluation group. Three of these patients required oper- 
ation after the initial decision to randomize. One of these 
three patients had continued bleeding from an intercos- 
tal stab wound, which led to a thoracotomy for control of 
bleeding. At the time of his thoracotomy, however, the 
amount of blood in his chest was considered insufficient 
to account for his preoperative hypotension and apparent 
blood loss. He therefore underwent a “mini-laparotomy” 
while under the same anesthesia; this procedure revealed 
no abdominal abnormalities. The second patient who un- 
derwent laparotomy after randomization to conventional 
evaluation developed increasing tenderness, as detected 
on serial physical examinations. At operation, however, 
no injuries were found. The third operation in this group 
was performed because of abnormal findings of a diag- 
nostic peritoneal lavage. At operation, a through-and- 
through injury to the left colon was found and repaired 
primarily. 

No complications were encountered in this group of 30 
patients. There were two false-positive results, one true- 
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Table 5.—Comparison of Evaluation Methods in 
Randomized Patients* 


Conventional 
Evaluation 


3.6210 







Variable 
ISS 


CT Evaluation 
6,321.3 











Time, min 138+12 77+11t 
Days 2.8+0.7 1.0+0.2 
Cost 5135+628 2768 + 399 





*Values are mean+SEM. CT indicates computed tomographic; ISS, 
Injury Severity Score; time, time until hospital disposition; days, duration 
of hospitalization; and cost, cost of hospitalization in US dollars. 

+P<.01. 


positive result, and 27 true-negative results, for an over- 
all accuracy and specificity of 93% (Table 3). 

A variety of studies were performed during the evalu- 
ation of patients in this conventional evaluation group 
(Table 4). There were no false-positive results of either 
intravenous urography or local wound exploration in this 


group. 
Comparisons Between Groups 


There was no significant difference in ISS, length of 
stay, or hospital charge between the groups of random- 
ized patients (Table 5). The assessment of patients in the 
CT group required an average of 61 minutes longer, 
however (P<.01, Table 5). The average cost of hospital- 
ization was higher in the CT evaluation group, although 
this difference was not significant. This average cost in the 
CT group was skewed by two patients with persistent air 
leak after a pneumothorax that required prolonged hos- 
pital stays (8 and 17 days). The nine patients with normal 
findings on exploration from the immediate operation 
group had a mean (+SEM) hospital cost of $10 481+$1775 
and a mean ISS of 8+1. For the purpose of comparison, 
the approximate total hospital charges for the commonly 
used diagnostic procedures are listed in Table 6. 


COMMENT 


Less than one fourth of injuries to the posterior aspect 
of the abdomen cause visceral damage.** The possibility 
of missed injuries or delay in diagnosis, however, is a 
major diagnostic problem in these patients. Delays in di- 
agnosis and missed injuries can lead to increased mor- 
bidity, mortality, and hospital charges. Compulsory lap- 
arotomy for these injuries has generally been supplanted 
by selective exploration based on the results of physical 
examination and adjunctive diagnostic tests."* While re- 
ducing the rate of nonessential celiotomies (from 85% to 
7.3% in one series’), these studies continue to report many 
unnecessary operations because of a high rate of false- 
positive results of physical examinations. 

Most of the routine diagnostic tests used in the evalu- 
ation of these injuries add little to the discriminating value 
of serial physical examinations. Plain abdominal roent- 
genograms are neither sensitive nor specific enough to be 
of value. Diagnostic peritoneal lavage does not sample the 
retroperitoneum and therefore can be misleading.’ This 
occurred in a patient transferred to the University of Cal- 
ifornia, San Diego, with negative findings of peritoneal 
lavage, whose subsequent CT scan identified injuries that 
required nephrectomy. 
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Table 6.—Approximate Cost of Diagnostic Procedures 


Hospital 
Test Charges, $US* 
Limitec intravenous urography 
Cystog aphy 240 
Retrogeade urethrography 350 




















Limitec upper gastrointestinal tract 
stud* 265 
Solid-œ©lumn barium enema 315 


Arteriography (aorta and selectives) 1800 
Computed tomography (double or 
triple contrast) 2110 


5500 


*Include radiologist or surgeon fees where appropriate. 


2-h laparotomy 


Othertests are similarly of low diagnostic value because 
of their inaccuracies. Sinography and wound probing are 
not only unreliable but also dangerous.*”° Intravenous 
urograp ay yields false-negative results in as many as 30% 
of these injuries! but can demonstrate the need for renal 
arteriography. ° With this information, however, it is by 
no means clear which renal injuries require surgical 
intervencion and which can be observed.” Also, in terms 
of radiaton risk, complete intravenous urography yields 
a greater radiation exposure than does a full CT evalua- 
tion of tne abdomen and pelvis. 

Phillips et alf have described their experience with 56 
patients who underwent diagnostic peritoneal lavage fol- 
lowed bz “contrast-enhanced CT enemas” for the evalu- 
ation of these injuries. Although eight of their patients 
were comsidered to have “high-risk scans,” only two pa- 
tients underwent celiotomy, and both were nontherapeu- 
tic operetions. There were no known missed injuries in 
this selected group of patients. 

Hauser et alf also used “triple-contrast CT” in a selected 
group of 40 patients with these injuries. They confirmed 
six abncrmal findings at laparotomy. However, they 
failed to specify whether the operative findings actually 
required intervention. Furthermore, they observed each 
of the remaining 34 patients in the hospital for 3 days, 
even though all had “clearly distinguished” wound tracts 
that exchided serious injuries. The issue of cost was not 
addressed in either of these studies. 

In our prospective, randomized series, no attempt was 
made to influence the individual trauma surgeon in his or 
her recommendations for operation. One of the most im- 
portant exclusions from randomization was the (per- 
ceived o7 real) presence of any condition requiring oper- 
ation. Tkis option necessarily carries some biases (eg, the 
mandatcry exploration of shotgun wound victims who 
present -n stable condition). In addition, there were no 
programmed responses to the results of the CT findings. 
As more experience accumulates with this modality, it 
may become clear which CT findings prove reliable in the 
decision to operate; at present, however, this approach 
seems premature. Whereas CT evaluation of these inju- 
ries may obviate other methods of evaluation (eg, perito- 
neal lavege or intravenous urography), it may also indi- 
cate the need for further studies, such as renal 
angiogrephy.™ 

There were no missed injuries in the patients who un- 
derwent CT evaluation either in our series or in the stud 
ies mentioned above,’ ie, CT evaluation for the patients 
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described in the literature so far has demonstrated a Bey 
ative predictive value of 100%. Based on our study find- 
ings and those of a review of the literature, a normal CT 
scan adequately excludes substantial injury in this cohort 
of patients. 

wo true-positive CT findings were encountered in our 
series, and six presumed true-positive CT findings were 
reported by Hauser et al.° This serves to verify the low 
frequency of serious injuries to these patients, especially 
those who present in “stable” condition. Even consider- 
ing the two false-positive results reported to date (one 
herein and one by Phillips et al°), CT evaluation yields a 
positive predictive value that is superior to that of any 
other discriminating test. 

At our hospital, the initial time necessary for patient 
disposition was significantly longer for CT evaluation 
than for conventianal evaluation. This longer time re- 
quirement, however, only speaks for the early stages of 
hospitalization. The time requirements of serial physical 
examinations and various adjunctive tests are more diffi- 
cult to measure but can certainly be as demanding and 
costly. Indeed, the ideal of serial physical examinations by 
the same observer ean be very difficult to achieve.? Fur- 
thermore, given the high negative predictive value of both 
CT and conventional evaluation and the difficulty in ob- 
taining serial examinations by the same examiner, it 
would appear that patients with normal evaluation find- 
ings could be safely discharged to home rather than ad- 
mitted for observation. This could result in a significant 
reduction in hospital charges associated with the man- 
agement of patients with penetrating injuries to the back 
and flanks. 

In summary, severe visceral injury after penetrating 
injuries to the back and flanks is infrequent (21% inci- 
dence in this series). When severe injuries are present, it 
is unlikely that they will be missed if either conventional 
evaluation or CT evaluation is performed. In our study, 
if CT or conventional evaluation yielded normal findings, 
patients could have been safely discharged. Future pro- 
spective randomized studies, enrolling larger numbers of 
patients, should examine the safety and efficacy of such 
a process, as it could result in a significant reduction in 


Arch Surg—Vol 126, September 1991 


hospital charges associated with the management of these 
injuries. 
We gratefully acknowledge the assistance of Ann Rowan in the 


preparation of the manuscript and tables and the assistance of Tony 
Quinn in the preparation of the figures. 
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An Evaluation of Surgery Departments in 
Community-Based Medical Schools 


J. Roland Folse, MD; Debra A. DaRosa. PhD; Mary Wood 


è Since 1960, most newer medical schools have been 
community-based and have used existing community hos- 
pitals and a large number of volunteer faculty. As these 
schools have evolved, many have developed more tradi- 
tional characteristics. To assess the positive and negative 
features of these new schools, chairs of departments of sur- 
gery from 21 community-based medical schools and 17 
traditional schools were surveyed to acquire information on 
policies and practices related to faculty development, 
undergraduate and graduate education, hospital relation- 
ships, clinical activities, research, and relationships with 
community physicians. Responses were analyzed and com- 
pared. Most community-based schools have succeeded in 
their mission, partly at the expense of controls usually found 
in more traditional schools. 
(Arch Surg. 1991;126:1122-1127) 


I" the two decades following World War II, the ad- 
vancement of medical knowledge and technology 
and the development of health care provision systems 
progressed at an exceedingly rapid rate. The need for 
increased medical manpower prompted the creation of 
new institutions of medical education with relevance to 
the provision of medical care. The concept of 
community-based medical schools offered an expedi- 
tious and efficient means of organizing programs in 
medical education without building new large univer- 
sity systems and at the same time emphasized an ap- 
proach for training physicians in an environment simi- 
lar to that of practice. 

Because of changing necessities, some schools that 
were begun as community-based medical schools devel- 
oped more traditional characteristics. Others continued to 
use community hospitals and volunteer faculty, and 
maintained a strong emphasis on primary care. During 
this same period many traditional medical schools devel- 
oped large academic medical centers with greater empha- 
sis on research and expanded medical care technology. 
Thus, two types of medical schools appeared to evolve 
during the 1960s and 1970s. Many of the new medical 
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schools developed the community-based format, and the 
older, more traditional schools shifted to larger academic 
medica. centers. It should be noted, however, that all tra- 
ditional medical schools are not uniform in scope or mis- 
sion and for the purpose of analysis, one study divided 
them irto as many as eight clusters.’ 

Most of the new community-based medical schools 
used community hospitals as the primary educational re- 
source -ather than a university hospital. They depended 
heavily on volunteer practitioners as a major source of 
faculty. Many had a regional orientation and derived 
funding from a state or major parent institution. Most of 
these n2w medical schools were small, with class size of 
less than 100 students, and frequently used the resources 
of a pa-ent institution or multiple sites to provide basic 
science instruction. In the beginning, combined academic 
units, ‘hat is, divisions within departments, grouped 
similar specialties. 

To date, the validity of these concepts for organizing 
new medical schools either from an educational or from 
a socioeconomic standpoint has not been thoroughly 
evaluated. After almost 30 years, some of these new 
medica. schools are now more like traditional schools and 
have retained only those features that are workable and 
efficient and have rejected others for reasons of expedi- 
ency or more practical solutions. 

Since surgery is composed primarily of a group of 
hospital-based specialties related to secondary and ter- 
tiary care, it would be of interest to know how surgery 
departments have met the challenge of the community- 
based environment and what problems and benefits the 
chairs of surgery departments in these types of schools 
face compared with chairs of more traditional schools. To 
gather nformation on the activities and effectiveness of 
surgery departments in community-based medical 
schools, a survey was developed and sent to 21 
community-based medical schools organized since 1960 
and 17 older traditional schools of comparable size, that 
is, witk 400 or fewer undergraduate medical students. 


MATERIALS AND METHODS 
For the purposes of this study, a community-based medical 
school was described as (1) initiated and accredited after 1960; (2) 
designed to use community hospitals rather than a specifically 
constructed university hospital; (3) established with the intent of 
using cemmunity physicians as the major teaching faculty (or 
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with a small core of full-time faculty); (4) relatively small class 
size (usually 100 or fewer students); and (5) with a major mission 
of addressing regional manpower health needs. 


Populations 


A comparison group survey was designed to study similarities 
and differences between traditional and community-based 
American medical schools. Through a review of the schools de- 
scribed in the “Medical Education” issue of the Journal! of the 
American Medical Asseciation,*? the investigators selected 21 
schools that they believed met the “community-based” criteria. 
Follow-up phone calls were made to affirm those in question. 
Seventeen traditional schools having 100 or fewer students per 
class were chosen for comparison purposes. 

After an initial mailing, a second mailing of questionnaires re- 
sulted in a response rate of 90% (n=19) for chairs from 
community-based schools and 89% (n= 16) for those from tradi- 
tional schools. Both mailings included a return envelope with 
postage paid. 


Data Collection 


Administrative and educational issues hypothesized to differ 
between the two groups were transcribed into a questionnaire 
format. The questionnaire was reviewed by local experts and two 
surgical administrators (one local and one nonlocal) who com- 
pleted the survey and commented on areas needing clarification, 
scale expansion, or rewording. Changes were made accordingly 
and the final survey was forwarded with a cover letter to the 
chair of the surgery department ateach of the sample institutions 
in November 1989. It was explained that the purpose of the sur- 
vey was to compare the directions taken and problems faced by 
department chairs and to gain perspective on the similarities and 
differences between the two types of schools. It was further ex- 
plained that this information was important to better understand 
if and how community-based schools may have changed in phi- 
losophy and practice smce their inception and to describe socio- 
logic trends useful tc planning for the future. Anonymous 
responses were requested. 

The surveys sent to the chairs of traditional and community- 
based schools had 17 and 20 questions, respectively, with 15 of 
the questions being the same. The survey was designed to col- 
lect information related tc administrative, fiscal, and organiza- 
tional issues, as well as commitment and practice issues associ- 
ated with teaching and research. 

Special reports were requested from the Association of Amer- 
ican Medical Colleges in September 1989. The first report was 
listed by the schools involved in the study with the amount of 
state support provided via state appropriations and grants/ 
contracts. A second report included a list of sources of revenue 
for the community-based schools, including endowments, fed- 
eral grants, tuition fees, and nongovernment grants and hospi- 
tal reimbursements. The third report listed sources of revenue 
reported anonymously. for each of the 38 schools. 


Data Analysis 
The survey data were analyzed using descriptive statistics, x? 
analysis, t test, and qualitative analysis. Data received from the 
Association of American Medical Colleges were summarized 
using descriptive statistics. Statistical test comparisons resulting 
in aS.05 were considered significant. 


RESULTS 


More than than 80% of the respondents from 
community-based schools defined their school as one that 
had volunteer practitioners as part of the faculty, used 
community hospitals rather than a university hospital as 
the primary educational resource, and derived major 
funding from the state or a parent institution or from 
practice fees rather than from research grants. More than 
half reported that they had a strong primary care focus. 
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Table 1.—Schools Reporting Maximal Faculty Effort 
in Academic Areas 










Traditional 
Schools, % 


Community 
Schools, % 









Patient care services 90 75 
Resident teaching 68 80 
Medical student teaching 53 47 
Clinical research 5 25 


Basic laboratory research 


Fewer than half reported that they had a regional orien- 
tation or used existing resources of the parent institution 
to provide basic science instruction. 


Department-Division Organization 

In the traditional schools many surgical subspecialties 
were reported as separate departments, whereas in new 
community-based schools surgical specialty divisions 
were usually within a single department, although some 
had separated from the surgery department and formed 
separate specialty departments. 

Chairs were asked to indicate those surgical disci- 
plines currently within the department of surgery and 
those that were initially within the department but had 
since become separate departments. Six community- 
based schools responding to this question (35%) re- 
ported all specialties organized under one department 
of surgery. Eight (47%) of these schools reported hav- 
ing separate orthopedics departments and seven (41%) 
reported having separate ophthalmology departments. 
Neurosurgery and urology were separate departments 
in five (29%) of the medical schools. Otolaryngology 
and plastic surgery had departmental status in four 
(24%). Of the 15 traditional schools that responded to 
this question, all had at least one surgical specialty 
functioning as a separate department. Of these 
schools, 10 (67%) had separate ophthalmology depart- 
ments and nine (60%) had separate departments of 
orthopedics. Otolaryngology and neurosurgery were 
also structured as separate departments in five (33%) 
and three (20%) of the traditional schools, respectively. 


Areas of Faculty Effort 


The chairs were asked to rate the amount of time 
and effort the faculty devoted to a number of academic 
areas. These responses were graded on a scale of 1 to 
5, with 1 representing minimal time and effort and 5 
representing major time and effort. For the purpose of 
this analysis, scales 1 and 2 and 4 and 5 were grouped. 
The results are shown in Table 1. Although the re- 
sponses to questions concerning time and effort re- 
vealed some differences between types of school, none 
were statistically significant. 

To determine if the amount of time and effort devoted 
to these areas has changed during the last decade, the two 
groups of department chairs were asked to indicate if 
there was an increase or decrease in these areas. Fifteen 
(79%) of the community and 12 (75%) of traditional 
schools reported a change. Both groups of schools re- 
ported a large increase in effort in teaching and evaluat- 
ing medical students, in teaching residents, in the area of 
clinical research, and in the area of basic laboratory 
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Table 2.—Comparison of Full-time and Part-time 
Surgery Faculty Size* 


Full-time, Part-time, 
No. No. 


14+13 49+ 48 
40+ 33 46+ 39 


Community schools 
Traditional schools 


*Numbers given are means + SDs. 


research. In the area of patient care services, seven (88%) 
of the community schools and eight (89%) of the tradi- 
tional schools reported an increased effort. In all of these 
areas, the change in effort was essentially the same for 
both types of schools, with no statistically significant dif- 
ference. 


Faculty Size and Comparison 


To compare faculty sizes between community-based 
and traditional medical schools, the department chairs 
were asked for the specific number of full-time faculty and 
the number of community surgeons, either part-time or 
volunteer, in their department. The results are shown in 
Table 2. A smaller full-time faculty in community schools 
occurred even with a greater number of specialties within 
a single surgery department. 

Since one of the goals of a community-based medical 
school is to involve more participation by volunteer 
faculty, the department chairs were asked, “What ap- 
proximate percentage of the entire community surgeon 
population in their city participated in the medical 
school?” Forty-five percent of area surgeons partici- 
pated in community-based medical schools, whereas 
only 22% of area surgeons participated in traditional 
schools. Differences between these two percentages 
were significant by t test analysis ((=2.20; df=32; 
P=.035). To determine if community surgeons were 
paid for their activities similarly to full-time faculty, 
both groups of department chairs were asked to iden- 
tify the percentage of community surgeons on the fac- 
ulty who were paid to participate in the department of 
surgery teaching programs. The community-based 
medical schools reported 16%, whereas in the tradi- 
tional schools it was 9%. The difference between these 
two percentages is not significant. 

To determine if community surgeons were replaced by 
full-time faculty during the past decade, department 
chairs were asked whether there had been a change in the 
extent of involvement of community surgeons. Six (60%) 
of the 10 community-based schools reporting a change in 
the extent of involvement of community surgeons re- 
ported an increase in surgical clerkship activities, whereas 
only three (38%) of eight traditional school chairs reported 
an increase in involvement. In the area of residency pro- 
grams, both groups reported a decrease in activity of the 
community surgeons: 70% in the community-based 
schools and 60% in the traditional schools. 


Faculty Recruitment 


The department chairs were asked to rate on a scale of 
1 to 5 the various factors that influence recruitment of 
full-time surgical faculty. These results are included in 
Table 3. Only geographic location and patient availability 
were rated as strong factors by the traditional schools, 
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Table 3.—Positive Factors Influencing 
_ Recruitment of Full-time Faculty 


Traditional 
Schools, % 


Community 
Schools, % 


Community receptiveness 
Geographic location 
Patient availability 
Repuzation of school 
Reseerch opportunities 


Salares 


whereēs research opportunities, community receptive- 
ness, and school reputation were perceived as particularly 
negative factors by community schools. 

In summary, it appears that the community schools 
have a nore difficult time with recruitment because of the 
factors listed in this question. Patient availability 
(t= —214; df=33; P=.04), reputation of schools 
(t= —223; df=33; P=.03), and research opportunities 
(t= —253; df=33; P=.02) were rated as significantly 
more positive recruiting influences for traditional com- 
pared with community-based medical schools by f test 
analyss. 


Practice Arrangements 


The department chairs were asked to indicate if they 
had a department or schoolwide clinical practice plan. 
Approximately two thirds of both the community and 
traditicnal schools had a schoolwide practice plan. In fac- 
ulty selaries, community-based schools seemed to be 
evenly distributed between a straight salary and a salary 
based on practice incentive. However, 11 traditional 
schools (79%) had salaries based on practice incentives 
and on_y two (21%) of 15 respondents had straight or fixed 
salaries. The differences between the two types of salary 
structure are statistically significant (x7=3.75; P=.05). 
The department chairs were then asked if the type of sal- 
ary arrangement in their department was satisfactory for 
growtl and development of the department. Fourteen 
traditicnal schools (88%) responded yes to this question, 
whereas only eight community schools (44%) were satis- 
fied w th the current salary arrangement. Again, these 
differences are significant (x?=5.1; P=.02). 


Departmental Revenues 


The -najor difference in revenue between the two types 
of schcols was found in professional income; 62% of the 
budget of traditional schools came from this area while 
only 32% of the community schools’ budget came from 
this arza. Also significant is the difference in hospital 
contraets. For the community schools, these represent 
26% of the budget, while they represent only 7% of the 
budge: of traditional schools. In research grants, a signif- 
icant difference was reported, with the traditional schools 
receiving 9% of their budgets from grants and community 
schools only 5%. Although the community-based schools 
reported a higher percentage of their budgets from the 
medical school, it was not significantly different from that 
reported by the traditional schools. 

The sizes of the departmental budgets as reported by 
the department chairs were significantly different be- 
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tween the two types of schools. The community-based 
chairs reported budgets ranging from $2 to $14 million 
with a mean of $4 million. The chairs of traditional 
schools reported a range of $10 to $25 million with a 
mean of $11 million. These departmental budgets are a 
reflection of the total school budgets. A comparison 
made from 1987-198 data of the Association of Amer- 
ican Medical Colleges indicated that the total revenues 
of community-based schools ranged from $13 to $267 
million with a mean of $54 million, and the traditional 
school budgets ranged from $27 to $133 million with a 
mean of $84 million. From this combined information, 
it appears that the budgets of departments of surgery 
of the traditional medical schools make up a greater 
percentage of the total school budget than those of the 
community-based departments. Surgery accounts for 
13% of the traditional school funds and only 7% of the 
funds of community-based schools. 


Problem Areas 


In an effort to identify problems in surgery depart- 
ments, chairs were provided a list of potential problem 
areas and asked to rate each on a scale of 1 to 5, with 1 be- 
ing “not problematical” and 5 indicating “very problem- 
atical.” The results are shown in Table 4. 

In summary, it appears that the area of financial 
resources, that is, reimbursement for patient care services 
and availability of departmental funds, was problematic 
for both the traditional and community-based schools. 
Scholarly activities and publications by the faculty were 
problem areas for both but more so for the community- 
based schools. Faculty recruitment was significantly more 
difficult for community-based schools and, similarly, the 
relationship with the community hospitals was more of a 
problem for the community-based schools. 


Hospital Relationships 


Medical schools and hospitals, regardless of whether 
they are university-owned or community-based, develop 
a close association fer patient care services, education, 
and research. The department chairs of community-based 
and traditional schoots were asked to characterize the ex- 
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Resident control 


Voice in administration 


Funds for department 
Funds for faculty 
Funds for residents 


Funds for research 


Space 





tent of cooperation that they shared with the major com- 
munity or university hospitals. Questions were rated 
from 1 to 5, with 1 showing low and 5 high cooperation. 
The results are shown in Table 5. 

In summary, it appears that the cooperation between 
the surgery departments and the hospitals was greatest 
in relation to funding and control over the resident 
teaching services, but hospital funding for departmen- 
tal operations, faculty, and research was limited. The 
acquisition of space was a problem for both types of 
schools. 

To determine whether the medical school faculty had a 
different role from other physicians in community hospi- 
tals, the community medical school department chairs 
were asked the following question: “In comparison to 
other community physicians (individuals or groups), has 
your hospital provided the medical school with a favored 
citizen status?” Eight (50%) responded that the medical 
school faculty was treated exactly the same as community 
physicians in salaries, hospital-financed programs, ad- 
ministrative controls, and operating room block time. 
Four (25%) reported that they were treated more favor- 
ably and four (25%) reported that they were treated less 
favorably. 

Both groups of surgery department chairs were asked 
about the advantages of using a community hospital in- 
stead of a university hospital. Since most of the 
community-based medical schools relied primarily on 
community hospitals rather than university-owned hos- 
pitals and most of the traditional schools had university 
hospitals and used community hospitals secondarily, the 
response had a somewhat different meaning. The re- 
sponses from the community-based chairs were almost 
evenly distributed. Six (46%) of 13 respondents felt that 
the community hospital was more advantageous than a 
university hospital, whereas 54% responded to the con- 
trary. In the traditional medical schools, only two (17%) 
of 12 respondents believed that the community hospital 
outweighed the university hospital. 


Advantages and Disadvantages of 
Community Hospitals 
The community-based chairs believed that the most 
important advantage of using community hospitals was 
that they were less costly. Some responded that the ed- 
ucational talents of community-based surgeons provided 
a “real world” setting for training programs. The chairs 
thought the faculty participated because of a desire to 
teach and that they provided friendlier instruction. Both 
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the community-based and traditional school chairs be- 
lieved that the community hospital provided a broader 
patient base with exposure to individuals of different 
backgrounds and that there was less faculty turnover. 
Department chairs of the community hospitals had fewer 
administrative responsibilities for hospital management, 
and they believed this was an advantage. The primary 
disadvantage reported by the community-based chairs 
was the lack of control over faculty direction. Since faculty 
involvement depended on voluntary effort, working with 
the community faculty required leadership, persuasion, 
and considerable time and effort devoted to organizing 
the faculty. In community-based schools with full-time 
faculty, the chairs believed they were at a disadvantage in 
developing a practice base for new faculty because they 
had no control over patient referrals and that the full-time 
faculty had less time for research activities. The traditional 
chairs listed as disadvantages the lack of “academic 
inquiry” and the lack of bona fide research within the 
community hospital setting. Some believed that it did not 
necessarily prepare the residents for the “real world” and 
was more service oriented, with fewer actual procedures 
being performed by the residents. 


Chair’s Perspective 

The chairs were asked to make a subjective comparison 
of the amount of time and effort they spent in certain ar- 
eas with their perception of department chairs in other 
schools. Four (24%) of 17 respondents among the 
community-based school chairs believed that they spent 
more time on administration than their peers, compared 
with nine (64%) of 14 respondents among the traditional 
school chairs. This difference was statistically significant 
(x2=3.69; P=.05). In the area of research, 59% of the 
community-based school chairs believed that they spent 
less time than their peers, whereas only 21% of the tradi- 
tional chairs believed that they spent less time in research. 
This difference, however, was not significant. In teach- 
ing, the majority of the department chairs in both the 
community-based and traditional schools believed that 
they spent as much or more time in teaching than their 

eers. 

: Finally, the community-based chairs were asked if their 
institution had changed its community-based philosophy 
over the years by moving to department- or university- 
controlled patient care facilities. Twelve (71%) of 17 
respondents had not developed department- or 
university-controlled patient care facilities, and 77% said 
that they had not shifted emphasis from primary care to 
specialty care in the academic setting. 


COMMENT 


Many of the problems currently faced by medical 
education are not unique to the type of medical school. 
Changes in sources of funding, academic priorities, 
and modes of patient care provision have significantly 
affected new institutions. Most of the new medical 
schools have been successful in their missions and 
most continue to function in a community-based or 
modified community-based format. Community-based 
academic chairs report certain academic trade-offs in 
the community-based environment, but some of these 
are perceived as advantages rather than disadvantages. 
In addition, the cost of providing medical education in 
the community-based setting appears to be signifi- 
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cantly less, but as perceived by some, this is at the 
expense of some academic programs, decrease in re- 
search productivity, and an increase in time and effort 
necessary to administer faculty and programs. 

Fron these results it is apparent that community-based 
surgery departments have fewer full-time faculty mem- 
bers than traditional school departments and rely heavily 
on volunteer or part-time faculty. A larger percentage of 
surgecns within the respective communities participate in 
community-based medical schools, most of whom volun- 
teer their services. It appears that the degree of commu- 
nity faculty involvement has decreased during the past 
decade with the exception of undergraduate surgical 
teaching in the community-based medical schools. Pa- 
tient availability was believed to aid in the recruitment of 
full-time faculty to community-based surgery depart- 


ments. but many believed that recruitment was a signif- 4 


icant problem. A lack of controls within the hospitals, the 
lack of base salary funds, and the competition for patient 
care services with other community physicians impeded 
recruitment. The practice plan arrangement may also 
have en influence on faculty recruitment as the majority 
of the community-based school chairs were not satisfied 
with -heir current practice plan salary arrangements. 
More community-based departments had fixed salaries 
than incentive salaries. Lack of research opportunities is 
another factor that impedes recruitment for community- 
based medical schools. 

Most community schools had not divided surgery de- 
partments into separate specialty divisions as has been 
done in traditional schools. All continued to function with 
smaller full-time faculties despite the fact that medical 
schoo. class sizes were comparable. No information was 
gathered to compare sizes of residency programs, but 
teaching effort for residents was quite high for both 
schools. The most significant impact of the small faculty 
was on research involvement. Both reported a priority 
moving away from research toward patient care activities, 
but this was more significant in the community-based 
schools. The smaller institutions in this survey group are 
different from large, research-oriented medical centers. 
Their primary mission is teaching and patient care. The 
community-based model may be more labor-intensive 
and f-ustrating for the faculty but it is less costly and 
functions with fewer paid faculty. Not owning a univer- 
sity hospital significantly reduces the costs to the com- 


munity schools, but also gives up some of the controls < 


needed to compete for patients. 

Since this survey primarily compared community- 
based medical schools with traditional schools of similar 
size, many of the responses to questions were similar and 
do not reflect differences that might be found in compar- 
ing n2wer community-based schools with older, larger, 
and more research-oriented institutions. Although all 
medical schools must meet the same Liaison Committee 
for Medical Education standards, they are heterogeneous 
with different academic and service goals and priorities. 
All except a very few of the new medical schools orga- 
nized since 1960 have successfully met Liaison Commit- 
tee for Medical Education accreditation standards and 
their graduates compete successfully for residency pro- 
grams and eventually enter the practice of medicine. In 
most of these newer schools, emphasis was on education 
and rot research, although some have been successful in 
developing both areas. 
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This survey does not indicate that the community- 
based model is more or less successful than the traditional 
model. Both have advantages and disadvantages. If this 
model is to meet future medical education needs, hospi- 
tals must be prepared to share the resources stimulated by 
the presence of the academic environment, and medical 
schools must adapt their programs to the hospital’s goal 
of providing efficient patient care services in a competitive 
environment. In the future, cost constraints may force 
hospitals to further back away from the educational needs 
of medical schools, particularly when they are linked only 









The advent of the community-based medical schools in the 
1960s was based on the projected need for additional physi- 
cian manpower in the United States. The concept of 
community-based medical education using practicing clini- 
cians as teachers and community hospitals as an alternative 
to tax-supported university hospitals was a cost-saving mea- 
sure. Medical education involving the care of patients with 
maladies commonly encountered by practicing doctors was 
equally attractive. 

This survey conducted by Folse et al identified several 
startling similarities between departments of surgery in 
community-based medical schools and similarly sized, older, 
traditional colleges of medicine. Although community-based 
departments of surgery tended to hold the surgery specialties 
under the umbrella of a single department, the teaching ef- 
forts of faculty in the undergraduate and graduate educa- 
tional programs were similar As one might expect, greater 
emphasis was placed on basic and clinical research in the 
older, traditional departments of surgery. However, both 
community-based and traditional departments of surgery 
noted increased efforts devoted toward the teaching of resi- 
dents and medical students, increased efforts in clinical 
research, greater dependence on patient care income, and the 
need for additional administrative effort. Of particular inter- 
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by an affiliation agreement rather than by university 
ownership. Further evaluation of this relationship is 
needed with attention directed toward understanding 
academic integration into the complex health care provi- 
sion system of the community hospital. 


References 


1. Eastaugh SR. Financial-ratio analysis and medical school 
management. J Med Educ. 1980;55:983-991. 

2. Medical Education in the United States: Appendix Il: 
Medical Schools in the United States. JAMA. 1987;258:1069- 
1089. 






est were the faculty sizes noted in this comparative study. 
Although the traditional departments of surgery had greater 
numbers of full-time faculty, both the community-based and 
the traditional departments of surgery used limited numbers 
of volunteer faculty in their teaching programs. 

Recruitment of surgical faculty posed the greatest difficulty 
to the community-based departments of surgery. Identifying 
academic surgeons willing to accept the challenge of devel- 
oping a practice in a community setting without the built-in 
support associated with a university hospital, in which the 
chair of surgery is commonly the chief of service, cannot be 
taken lightly. Although differences still prevail between the 
community-based and the university departments of sur- 
gery, itis apparent from this study that the similarities exceed 
the differences. The myth that the community-based medical 
schools are dissimilar to the older, traditional medical schools 
is fast fading. All departments of surgery, irrespective of vin- 
tage or location, are faced with the common challenges of 
maintaining faculty and funds to meet increased teaching re- 
sponsibilities and research expectations, and to provide 
high-quality patient care. 


RicHarp E. Dean, MD 
East Lansing, Mich 
























Anatomical Axiom: The side from which a motor nerve leaves its parent 
stem is constant—it leaves from the side nearest the muscle it supplies — 


but the level at which it leaves is variable. 
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October 9-15 — Chicago 


OBJECTIVES 


The Osler I nstitute 


Surgery Boards Review Course 
September 16-22 and 20-22. 1991 — Pittsburgh 


November 1-3 — Boston 
Now, your course for written and oral boards offers unlimited mock exams 


e Increase knowledge of surgical principles and practice 
è Prepare candidates to take written and oral board exams 
è Provide a comprehensive review for recertification 


METHODS 


èe HOME STUDY questions, assignments and answers 
è SEMINAR with slides and syllabus (Part I course only) 
è PRACTICE EXAMS with written and oral sections 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknowr as well."* 


Part I Courses: 

Sept. 16-22 — Pittsburgh 
Royce Hotel 

October 9-15 — Chicago 
Hilton Inn, Lisle, Illinois 


Basic Surgery 
Anatomy 

Physiology 
Anesthesiology 

Shock 

Neoplasia 
Transplantation 
Trauma and Burns 
Surgical Critical Care 
Pre- and Post-op. Care 


General Surgery 
Alimentary Tract 
Abdomen 

Breast and Skin 
Endocrine 

Head and Neck 
Special Surgery 
Thoracic Surgery 
Cardiac Surgery 
Vascular Surgery 
Orthopedic Surgery 
Hand Surgery 
Pediatric Surgery 
Urologic Surgery 
Gynecologic Surgery 
Neurosurgery 
Ophthalmology 
Plastic Surgery 


P.O. Box 2218 
Terre Haute, IN 47802 


Mail today to: 


` 1094 Dawn Lane, Dept. 109 


Part II Courses: 
Sept. 20-22 — Pittsburgh 
Royce Hotel 
November 1-3 — Boston 
Dec. 13-15 — Jacksonville 


The Part II Courses are de- 
signed to prepare board can- 
didates for their oral exams. The 
course will consist of mock oral 
exams, each based on a present- 
ing problem leading to ques- 
tions on differential diagnosis, 
treatment options, and com- 
plications. Faculty will critique 
each exam and answer ques- 
tions. 

Each participant will have an 
exam and critique session and 
unlimited observation of other 
sessions. Additional 25-minute 
sessions may be arranged for 
$70 and private sessions (no 
other participants observing) 
may be arranged for an addi- 
tional $30. Topics will include 
diseases and trauma of: 


Alimentary Tract 
Abdomen 

Breast and Skin 
Head and Neck 
Thorax 

Vascular System 
Endocrine System 


Faculty 
Robert Arensman, M.D. 
Robert Bahnsen, M.D. 
Richard Bjerke, M.D. 
W. Christopherson, M.D. 
Charles Crans, M.D. 
Howard Edington, M.D. 
Larry Fish, MD. 
John Fung, M_D., Ph.D. 
Charles Goldman, M.D. 
Richard Grecc, M.D. 
Julio Hochber z, M.D. 
Suzanne T. Ildstad, M.D. 
Peter Jannetta, M.D. 
Fredric Jarret-, M.D. 
Thomas J. Kirdy, M.D. 
John Kirkwood, M.D. 
Mary Jeanne Krob, M.D. 
Eberhard Mammen, M.D. 
Mary Mancini, M.D. 
Gary J. Merlorti, M.D. 
Ronald Merrell, M.D. 
Bryce Munger. M.D. 
Enrico Nicolo, M.D. 
John Potter, M.D. 
Theodore Saclarides, M.D. 
Armando Sarci, M.D. t 
F. Clark Sauls, M.D. 
David Vogt, M_D. 
Steven Wanamaker, M.D. 
Kenneth Yaw, M.D. 
+ Course Director 


Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 
Name 

Address 

City/State/Zip 


Phone = a a: ee ee en 


For: (_] Part I Course: 
O Part II Course: 


te 
C] Check is enclosed for $ 


aty 


[Q Please send FREE SAMPLE 


" „remarkably complete and pleasant....'* 


COURSES: The Part I courses consist of 
lectures and evening mock oral exams to help 
you prepare for your written, oral 

or recertification exams. The Part II courses . 
are mock oral exams for three days before and 
in the same city as each oral exam. Each 
participant is guaranteed a one-on-one public 
mock oral and can purchase additional public 
or private exams. Past participants recom- 
mend taking both courses well before boards 
and repeating each for half price immediately 
before your written exam and your oral exam. 


"Accommodations were comfortable...'* 


LOCATION: The September courses will 
be at the Royce Hotel — $87.50 single; $115 
double. The October course will be at the 
Hilton Inn, Lisle, Illinois — $85 single; $110 
double. 


" „the most education for the money.’* 


FEES AND CATEGORY 1 HOURS: 
Surgeon or Resident: Res. Hrs. 

è Part I course (7 days): 65 
repeating within 2 years: 65 

© Part II course (3 days): 28 
repeating within 2 years: 28 

è Extra mock oral exam: 1/2 

è Private mock oralexam: $100 $100 1/2 

e Add 10% within 10 days of the course. 

è Attendees not in course hotel add $20/day. 

è Deposit of $50 will reserve your position. 

è Subject to a $50 fee, refunds will be made 
until the seminar begins. 


" „home study material was extremely helpful.* 


ACCREDITATION: The Alton Ochsner 
Medical Foundation is accredited by the Ac- 
creditation Council for Continuing Medical 
Education (ACCME) to sponsor continuing 
medical education for physicians. 

The Alton Ochsner Medical Foundation 
designates this continuing medical education 
activity for 65 hours (Part I courses) or 28 
hours (Part II courses) in Category 1 of the 
Physician’s Recognition Award of the 
American Medical Association. 


"I feel [the course] helped me pass..." 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 
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*As with other nonsteroidal drugs, the 
most frequently reported side effects are 
gastrointestinal, with some GI symptoms 
reported by 3% to 9% of patients in clinical 
trials. See “Warnings,” “Precautions” and 
“Adverse Reactions” sections of product 
information. 


t Drowsiness has been reported in 3% to 9% 
of patients. 


Please see summary of product information on last page. 
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NARCOTIC STRENGTH 
WITHOUT THE 
COMPLICATIONS 


The first injectable analgesic NSAID — 
for the short-term management of pain 


As powerful and as fast as, but longer acting than 
meperidine 100 mg IM and morphine 12 mg IM 















Start recovery without narcotic 
side effects 

No respiratory depression’ 

No hypotension’ 

Less nausea and vomiting’ 

Fewer CNS effects’ 


Nonsedating' compared with placebo* — 
important for ambulatory procedures 





Nonopiate, nonaddictive, nonscheduled 
INJECTION 


TORADOL* 


eforolac tromethamine 
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ketorolac tromethamine 
NARCOTIC STRENGTH ™ 











THAT WON'T COMPROM 
RECOVERY | 


The NSAID designed for the Fa a 4 
short-term management of pain 4 
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Efficacy comparable to that of 
meperidine 100 mg IM and 
morphine 12 mg 
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Avoids narcotic side effects 
that can delay ambulation’ 





Flexible use, with or 
without narcotics 


Advantages for patients at 
narcotic and/or respiratory risk 


Convenient qóh regimen 


Can be supplemented with prn narcotic 
for severe or “breakthrough” pain 4 


TORADOL “ and narcotics may be administered concomitantly 
but not in the same syringe. 


References: 1. Brandon Bravo UC, et al. The effects on ventilation of ketorolac in comparison with morphire. Eur J Clin Pharmacol. 
1988:35:491-494. 2. Camu F, et al. Hemodynamic effects of ketorolac tromethamine in comparison to mc phine in anestheti 

patients. In: 9th World Congress of Anaesthesiologists, Abstracts Volume |: Scientific Papers A0001 to AOSC6; Ma 22-28, 1988; USA. 
Abstract A0167. 3. Data on file, Syntex Laboratories, Inc. (ICM studies: 994, 1060, 1234, 1254, 1302). TORADOL 30 mg IM (N=509), 
morphine 10 mg/12 mg IM (N=151) multidose studies; TORADOL 30 mg IM (N=103), meperidine 100 mc IM (N=102) single-dose 
studies. Nausea: TORADOL 8%, morphine 21%/TORADOL 3%, meperidine 20%; Vomiting: TORADOL 5%, morphine 9%/TORADOL 1%, 
meperidine 12%; Somnolence: TORADOL 14%, morphine 34%/TORADOL 6%, meperidine 14%; CNS Effe=ts: TORADOL 23%, morphine 
44%/TORADOL 21%, meperidine 30%.] 4. Data on file, Syntex Laboratories, Inc. (ICM study: 1324). 


* As with other nonsteroidal drugs, the most frequently reported side effects are 
gastrointestinal, with some GI symptoms reported by 3% to 9% of patierts in clinical trials, 
See “Warnings,” “Precautions” and “Adverse Reactions” sections of prcduct information. 
Please see summary of product information on following page. 

TORADOL® * (ketorolac tromethamine) is a product of Syntex Laboratories, Inc. 
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TORDA OF (KETOTOTEC nomena ie) 


Brief Summary 

TORADOL is a nonsteroidal anti-infammarory drag (NSAID). TORADOL 15 mg/mL solution contains 10% (w/v) alcohol, USP, 
and 6.68 mg sodium chloride in sterile water. Tha 30 mg/mL solution contains 10% (w/v) alcohol, USP, and 4.35 mg sodium 
chloride in sterile water. The pH is edjusteewith sodium hydroxide or hydrochloric acid. Indications and Usage: Indicated 
for the short-term management of sain. Net recommended foruse as an obstetrical preoperative medication or for obstetrical 
analgesia because it has not been adequately studied and because of the known effects of NSAIDs on uterine contraction and 
fetal circulation. Not recommended for reutine use with other NSAIDs because of the potential for additive side effects. 
TORADOL protein-binding is affected by aspirin but not by acetaminophen, ibuprofen, naproxen or piroxicam. Studies with 
other NSAIDs have not been done. 4as beea usec concomitantly with morphine and meperidine without adverse interactions. 
Contraindications: Do not use in patients with hypersensitivity to ketorolac or with the complete or partial syndrome of 
nasal polyps, angioedema, and tronchospastie reactivity to aspirin or other NSAIDs. Warnings: Although TORADOL 
Injection is recommenced for shor*-term use only, long-term administration of oral ketorolac has shown that this drug shares 
the risks of other NSAIDs when taken chromcally. Serious GI toxicity, such as bleeding, ulceration, and perforation, can occur at 
any time, with or without warning symptoms, ie patients treated chronically with NSAIDs. Remain alert for ulceration and 
bleeding in such patients, even in the absance oF previous GI tract symptoms. In clinical trials, symptomatic upper GI ulcers, 
gross bleeding or perforation appear to occur in approximately 1% of patients treated for 3-6 months, anc in about 2-4% of 
patients treated for 1 year. Inform patients about the signs and/or symptoms of serious GI toxicity and what steps to take if they 
occur. Studies have not identified any subset of patients not at risk of developing peptic ulceration and bleeding. Except for a 
prior history of serious Gl events, and othesrisk factors known to be associated with peptic ulcer disease, such as alcoholism, 
smoking, ete., no risk factors (e.g., age, sex) have been associated with increased risk. Elderly or debilitated patients seem to 
tolerate ulceration or bleeding less well than otters and most spontaneous reports of fatal GI events are in this population. 
High doses of an NSAID probably carry a greater isk of these reactions. In considering the use of relatively large doses (within 
the recommended dosage range), sufficient benafit should besanticipated to offset the potential increased risk of GI toxicity. 
Precautions: Impaired Renal or 4epatic=unctwn: As with other NSAIDs, use with caution in patients with impaired renal or 
hepatic function, or a history of kidney os liver disease. Renal Effects: As with other NSAIDs, long-term administration to 
animals resulted in renal papillary necrosis and ther abnormal renal pathology. In humans, hematuria and proteinuria have 
occurred in long-term trials with oral ketorwlac wath a frequency and degree similar to aspirin. A second form of renal toxicity 
has been seen in patients with conditions leading to a reduction in blood volume and/or renal blood flow. In these patients, an 
NSAID may precipitate overt renal failure. Patiems at greatestrisk are those with impaired renal function, heert failure, liver 
dysfunction, taking diuretics, and the elderty. Discontinuation of the NSAID is typically followed by recovery. Use with caution 
in patients with impaired renal function asreduced creatinine clearance results in reduced clearance of the drug. Follow such 
patients closely. Fluid Retention and Ederma: These have been reported with NSAIDs; use TORADOL with caution in patients 
with cardiac decompensation, hypartensien, or smilar conditions. Hepatic Effects: With NSAIDs, borderline elevations of liver 
tests may occur in up to 15% of patients: These may progress, remain unchanged, or disappear with continued therapy. 
Elevations of ALT (SGPT) or AST (SGOT) cecurred in clinical tals with oral ketorolac in less than 1% of patients. Evaluate a 
patient with symptoms and/or signs suggesting ver dysfunction, or in whom an abnormal liver test has occurred, for evidence 
of a more severe hepatic reaction. Hematatogic Btects: TORADOL inhibits platelet aggregation and may prolong bleeding time 
but does not affect platelet count, prothrombin time (PT) or pastial thromboplastin time (PTT). Carefully observe patients with 
coagulation disorders or who are receiving drug therapy that interferes with hemostasis. Inhibition of platelet function by 
TORADOL disappears within 24-48 hours after the drug is discontinued. In clinical studies, the incidence of clinically 
significant postoperative bleeding was 0.4% compared to 0.2% in the groups receiving opiates. Drug /nteractions: TORADOL is 
highly bound to plasme protein (mean 99.2%), independent of concentration. /n vitro binding of warfarin toplasma proteins is 
Slightly reduced by TORADOL [99.5% conto! vs $9.3% with TORADOL 5-10 g/mL}. TORADOL does not alter digoxin protein 
binding. At therapeutic concentrations of salicyate (300 ugAmL), in vitro binding of TORADOL was reduced from 99.2% to 
97.5%, a potential 2-fold increase in unbound TIRADOL plasma levels; hence, use TORADOL with caution (or at a reduced 
dosage) in patients being treated with mgh dose salicylate regimens. Therapeutic concentrations of digoxin, warfarin, 
ibuprofen, naproxen, acetaminophen, phenytoin tolbutamide and piroxicam did not alter TORADOL protein binding. In a study 
of 12 healthy volunteers given TOPADOL 10 mg erally for 6 days prior to ca-administration of a single dose of warfarin 25 mg, 
No significant changes in pharmacokinetics or prarmacodynamics of warfarin were detected. In another study of 12 healthy 
volunteers, co-administration of heparinS000 U s.c. and TORADOL did not show any pharmacodynamic effects of the 


TURADOL® ™ (ketorolac tromethamine) 

combination on template bleeding time or kaolin cephalin clotting time. There is no evicence that TORADOL induces or inhibits 
the hepatic enzymes capable of metabolizing itself or other drugs. Some NSAIDs inhibit renal lithium clearance, leading to 
increased plasma concentration. This has not been studied with TORADOL. Some NSAIDs reduce the clearance of 
methotrexate, enhancing its toxicity. This has not been studied with TORADOL. TORACOL has been administered concurrently 
with morphine in clinical trials without adverse interactions. Carcinogenesis, Mutagenesis, and Impairment of Fertility: 
Studies in mice and rats at oral doses equal to or 2.5 times the parenteral MRHD (Maximum Recommended Human Dose), 
respectively, showed no evidence of tumorigenicity. Ketorolac was not mutagenic in tests with S. typhimurium, S. cerevisiae, 
or E. coli and did not cause chromosome breakage in the ¿n vivo mouse micronucleus assay. Impairment of fertility did not 
occur in male or female rats at oral doses 4.5 and 8 times the parenteral MRHD, respectively. Pregnancy: Pregnancy Category 
B: Reproduction studies in rabbits and rats with daily oral doses 1.8 and 5 times the parenteral MRHD, respectively, did not 
reveal evidence of harm to the fetus. Ketorolac caused delayed parturition and dystocia in rats at oral doses higher than the 
parenteral MRHD, like other NSAIDs. There are no adequate and well-controlled studies in pregnant women. TORADOL should 
be used during pregnancy only if clearly needed and no known safer alternatives are available. Labor and Delivery; TORADOL is 
not recommended for use during labor and delivery. Lactation and Nursing: After a single oral dose of TORADOL 10 mg to 
humans, the maximum milk concentration was 7.3 ng/mL and the maximum milk-to-plasma ratio was 0.037. After one day of 
dosing (gid), the corresponding values were 7.9 ng/mL and 0.025. Use caution when TORADOL is administered to a nursing 
woman. Pediatric Use: TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac is cleared 
more slowly by the elderly, who are also more sensitive to renal effects of NSAIDs, use extra caution and reduced dosages when 
treating the elderly. Adverse Reactions: Adverse reaction rates from short-term use of NSAIDs are generally 1/2 to 1/10 
the rates associated with chronic usage. This is also true for TORADOL. In studies of patients treated for up to 1 year, the 
incidence of serious and nonserious ADRs, including GI tract ulceration and bleeding (yearly rate 1.2 to 5.4%), associated with 
oral ketorolac 10 mg, | to 4 times per day prn, was comparable to treatment with asairin 650 mg prn. Be alert for the usual 
complications of NSAID treatment. The adverse reactions listed below were reported to be probably related to TORADOL in 
trials in which patients received up to 20 doses of TORADOL 30 mg IM in 5 days. /ncigence greater than 1%: Body as a whole: 
edema. Gl: nausea” dyspepsia® GI pain® diarrhea. Nervous system: drowsiness” dizziness, headache, sweating. Injection 
site pain was reported by 2% of patients in multidose studies (vs 5% for morphine}. * ncidence of reported reaction 3%-9%. 
Reactions occurring in less than 3% are unmarked. /ncidence 1% or less: Body as a whole: asthenia, myalgia, Cardiovascular: 
vasodilation, pallor. Dermatologic: pruritus, urticaria. Gl: constipation, flatulence, GI fullness, liver function abnormalities, 
melena, peptic ulcer, rectal bleeding, stomatitis, vomiting. Hemic and lymphatic: purpura. Nervous system: dry mouth, 
nervousness, paresthesia, abnormal thinking, depression, euphoria, excessive thirst, inability to concentrate, insomnia, 
stimulation, vertigo. Raspiratory: dyspnea, asthma. Special senses: abnormal taste, abnormal vision. Urogenital: increased 
urinary frequency, oliguria. Drug Abuse and Physical Dependence: TORADOL is not a narcotic agonist or antagonist. 
Subjects did not show any symptoms or signs of withdrawal upan abrupt discontinuation of IV or IM dosing. Patients receiving 
TORADOL orally for = 6 months have not developed tolerance and there is no pharmacologic basis to expect addiction. 
TORADOL did not exhibit activity in classical animal studies which are reasonable predictors of opiate analgesic action. /a 
vitro, TORADOL does not bind to opiate receptors. Thus, TORADOL does not have certral opiate-like activity Overdosage: 
Lack of experience with acute overdosage precludes characterization of sequelae and assessment of antidotal efficacy. At 
single oral doses > 100 mg/kg in rats, mice and monkeys, symptoms such as decreased activity, diarrhea, pallor, labored 
breathing, rales, and vomiting were observed. Dosage and Administration: TORADOL may be used on a regular schedule 
of prn, although current recommendations for pain management are to use analgesics on a regular schedule rather than prn 
based on the return of pain. For the short-term management of pain the recommended initial dose is 30 or 60 mg IM as a 
loading dose, followed by half of that (15 or 30 mg) every 6 hours as long as neeced to contro! pain. The recommended 
maximum total daily cose is 150 mg for the first day and 120 mg/day thereafter. The lower end of the dosage range is 
recommended for patiants under 50 kg (110 pounds), for patients over 65 years of aye, and for patients with reduced renal 
function. CAUTION: Federal law prohibits dispensing without prescription 


U.S. Patent No. 4,089,969 and others 
Mfd. for Syntex Laboratories, Inc = 


C= 
Palo Alto, CA 94304 S SYNTEX 
by Survival Technology, Inc 


Bethesda, MD 20814 02-2434-40-00 December 1989 





ULCERATIVE COLITIS 
CAN STRIKE ANY FAMILY. 


We are all equally at risk. 
Young and aid. Rich and poor. Black and white. 
Republican and Democrat. 


Ulcerative colitis and Crohn's disease don't discriminate. 
These two dangerous and misunderstood diseases now 
affect about twc million Americans from every walk of life. 


The Bush family knows this only too well. 


In 1986, ulcerative colitis nearly claimed the life of the youngest Bush son, Marvin. Only surgery to 


remove his entire large intestine saved him. 





Until we find a cure, countless others will endure the agony and humiliation of these devastating 


diseases. | 
The hope is 2ducation and research. 


Marvin Bush and the Bush family urge you to learn more about 
how the Crohn's & Colitis Foundation of America is helping victims 


and their families. 
Together we-can make a difference. 


Because the only thing shameful about these diseases is that 


there's still no cure. 


CCA 


Crohn's & Colitis Foundation 


o& A feet bhem ta n 


1-800-343-3637 


In metro NY. area 212-685-3440. 





*(formerly National Foundation for lleitis and Colitis, Inc) 
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ETHICON 
_has a new 
tip for you 





The ENDOPATH 
Disposable 


unt Tip Trocar for 
open laparoscopy — 


e Adjustable “olive” plug allows convenient 
cannula adjustment without untying 
stay sutures 

€ Unique double gasket system virtually 
eliminates spray-back of body fluids and 
minimizes loss of pneumoperitoneum 

€ Nonconductive radiolucent sleeve does 
not interfere with intraoperative 
cholangiography 
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Cigarette Smoking Decreases Tissue Oxygen 


J. Arthur Jensen, MD; William H. Goodson, MD; Harriet Williams Hopf, MD; Thomas K. Hunt, MD 


@ Subcutaneous wound-tissue oxygen (Psqo,) tension in 
eight volunteers fell rapidly and significantly in response to 
smoking, and remained low for 30 to 50 minutes. Sham 
“smoking” had no effect. These data suggest that a typical 
“pack-per-day” smoker experiences tissue hypoxia during a 
significant portion of each day. The degree of hypoxia found 
in these subjects has been associated with poor wound 
healing in animal and human studies. The onset and dura- 
tion of tissue hypoxia paralleled the well-established plasma 
pharmacokinetics of nicotine. This suggests that peripheral 
vasoconstriction, induced by the adrenergic effects of nic- 
otine, may contribute to the observed decrease in Psqo. 
(Arch Surg. 1991;126:1131-1134) 


S urgeons have long noted a relationship between 

smoking and defective repair. Smokers are at in- 
creased risk of abdominal wound dehiscence,! skin-flap 
necrosis,*° and pocr healing of peripheral ulcers.® In a 
study of test wounds of diabetic patients, Goodson et al’ 
found collagen deposition depressed in smokers. Poor 
healing of peripheral ulcers has been attributed to the 
atherogenic effects of smoking, but atherogenicity does 
not explain their tendency to heal when smoking is 
stopped.‘ The vasoconstrictive effects of smoking, which 
are mainly due to nicotine, have been known for some 
time,* and several investigators have postulated that it 
may be related to poor wound healing. 

Wound healing and resistance to infection have been 
shown to depend in part on the oxygen content or Po, in 
tissue.*"” The rates of collagen deposition, epithelization, 
and angiogenesis have been clearly related to arterial and 
tissue Po, in animals and, more recently, in humans. Data 
indicating that smoking significantly decreases tissue Po, 
would provide evidence of the mechanism by which 
smoking has its well-documented adverse effects on 
healing. We sought that evidence in this study. 


MATERIALS AND METHODS 


Oxygen tension was measured in subcutaneous tissue (Psqo,) 
as previously descrided.”?! A tonometer (internal diameter, 
0.8 mm; external diameter, 1.0 mm) (Silastic, Dow-Corning, 
Midland, Mich) was placed in the subcutaneous tissue of the 
lateral aspect of the upper arm 1 day before the experiment. At 
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the time of measurement a platinum electrode (Diamond Elec- 
trotech, Ann Arbor, Mich) was inserted into one end of the 
tonometer. Into the other was inserted a modified three-way 
stopcock containing a silver-silver chloride electrode and a sy- 
ringe containing normal saline. 

The saline was then injected through the Silastic tubing, 
establishing a salt bridge between the platinum oxygen electrode 
and the silver-silver chloride reference electrode. The current 
flow, which is proportional to oxygen tension in the voltage 
range used (-0.68 V), was recorded on a dedicated tissue oxime- 
ter (Biogenesis Inc, San Francisco, Calif). The oxygen electrode 
was calibrated in a chamber consisting of a Silastic tube im- 
mersed in water at 35°C. Two-point calibration was obtained by 
equilibrating the chamber with room air (150 mm Hg) and 100% 
nitrogen (0 mm Hg). 

Eight volunteers (five female and three male smokers) ab- 
stained from drinking coffee or smoking cigarettes for 12 hours 
before the study. They remained seated for the duration of the 
experiment. No attempt was made to control room temperature. 
Patients remained fully clothed and stayed comfortably warm. 
Blood was drawn for nicotine assays from four volunteers 
15 minutes before placement of the electrodes. The electrodes 
were then placed in the Silastic tubing. A thermistor was taped 
on the adjacent skin surface. Approximately 15 minutes were al- 
lowed to elapse for all instruments to equilibrate and for the vol- 
unteer to accommodate to the setting. 

Participants were asked to think about smoking and to take 
puffs from unlighted cigarettes. Some volunteers responded to 
this request more enthusiastically than others. Psqo, was then 
monitored for 30 minutes. Participants then smoked at their ac- 
customed rate for 10 minutes. Measurements were taken for 
50 minutes afterward. Blood was again drawn from four volun- 
teers for nicotine assay. The tonometers were removed after the 
study, and no complications developed. 

To determine whether a component of cigarette smoke might 
“poison” the platinum electrode, cigarette smoke was drawn 
through the fluid in the calibration chamber, which had equili- 
brated at room air. No effect on electrode output was observed. 
This study was approved by the Committee on Human Research 
at the University of California, San Francisco. 


RESULTS 


Mean (+SD) baseline Psqo, was 65+7 mm Hg. In no 
participant did the Psqo, change during sham “smoking.” 
However, after cigarette smoking commenced, Psqo, de- 
creased in all subjects to 60+6 mm Hg 10 minutes later (Fig 
1). No subject smoked after the initial 10-minute period, 
but Psqo, continued to decrease, stabilizing at 44+3 mm 
Hg after 30 minutes. The range of decline at 30 minutes 
was 22% to 48%. All values returned to within 5% of 
baseline 1 hour after subjects began to smoke (50 minutes 
after no further smoking was allowed). This pattern of 
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0 10 20 30 40 50 60 
Minutes After Starting Smoking 
Fig 1.—Mean (+SD) wound-tissue oxygen tension (Psqo,) in the 


upper arms of eight volunteers during and after a 10-minute period 
of smoking lighted (circles) and unlighted (squares) cigarettes. 


response to cigarette smoking was statistically significant 
using repeated measures of analysis of variance (P<.001). 

Cutaneous temperature decreased slightly from a mean 
(+SD) baseline of 31.8+0.3°C to 31.5+0.3°C 25 minutes 
after subjects began smoking. After 30 minutes, temper- 
atures increased. By the end of the experiment, cutaneous 
temperature had returned to baseline values. These 
changes were not statistically significant. 

Mean (+SD) nicotine levels increased from 4.32+2.64 
ng/mL before the experiment to 11.08+1.98 ng/mL at its 
end approximately 2 hours later (P<.01 with paired Stu- 
dent's t test). 


COMMENT 


The device used for these measurements was placed in 
a needle wound. Therefore, measurements are best 
described as Psqo,. Previous studies from this laboratory 
and those done in surgical patients have shown that this 
quantity correlates with tissue oxygen tension within in- 
cisional wounds, although it is always approximately 
10 mm Hg higher.” 

There are many possible mechanisms by which smok- 
ing may depress tissue oxygen tension. These include the 
vasoconstrictive effects of nicotine, arterial hypoxia, and 
other mechanisms, such as carbon monoxide, which in- 
terferes with oxygen transport by hemoglobin. Cigarette 
smoke contains more than 250 components, among which 
the adrenergic activator and vasoconstrictive substance 
nicotine is the best known.** Activation of adrenergic 
receptors with exogenous epinephrine has been shown 
by this laboratory to reduce oxygen tension in test 
wounds in human volunteers.” It is reasonable to expect 
that nicotine has a similar effect, but its magnitude and 
duration are not reasonably predictable. 

In the present study, the duration of the decrement in 
Psqo, relates best to the blood level of nicotine. Nicotine 
levels in blood after smoking are already well docu- 
mented. Benowitz” showed an initial sharp increase in 
blood nicotine levels after 9 minutes of smoking (peak 
level at 10 minutes), with a gradual decline in nicotine 
levels over 30 to 60 minutes, to lower “steady-state” lev- 
els (assuming the patient smokes at least one cigarette per 
hour) (Fig 2). 
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Fig 2.—M2an (+SEM) blood concentrations of nicotine in 10 
subjects who smoked cigarettes for 9 minutes (1⁄3 cigarettes). 
Reprinted with permission from Clinical Pharmacology and Thera- 
peutics (1888;44:24). 


In this study, Psqo began to decline approximately 
10 minutes after subjects started smoking (presumably 
because cf vasoconstriction), corresponding with the peak 
blood leval of nicotine: The delay in reaching the full decre- 
ment of Fo, relates to the low oxygen consumption in sub- 
cutaneous tissue. Even during tourniquet-induced is- 
chemia, Fsqo; falls to 0 only after 30 minutes. The peak effect 
on Psqo, was at 30 minutes, with levels returning to base- 
line (presamably because of return to baseline flow) within 
1 hour, ccrresponding to the return of nicotine levels to the 
lower steedy-state levels. The fact that steady-state nicotine 
levels increased from 4.3 to 11.1 ng/mL in our subjects be- 
tween the beginning and end of this study is a reflection of 
the abstinence from cigarettes for at least 12 hours. The sec- 
ond value is more representative of usual steady-state val- 
ues in subjects who smoke. 

Interestingly, gum containing nicotine did not reduce 
Psqo, in one hospitalized smoker (who was part of an on- 
going study of Psqo, and wound healing in hospitalized 
patients) who chewed it rather than smoking during his 
hospitalization. After a baseline was established (55 mm 
Hg), the patient chewed two pieces of nicotine gum for 
half an hour, with no change in Psqo. Nicotine gum use, 
however, does not result in a high peak blood level. In 
fact, it never raises the blood nicotine level above steady- 
state leveb measured in smokers.””” Psqo, is unlikely to 
be affected by chewing nicotine gum, since Psqo; in 
smokers returned to baseline by the time blood nicotine 
reached this steady-state level. This suggests that the high 
peak concentration of nicotine reached during smoking 
leads to peripheral vasoconstriction. This, combined with 
an acute increase in carboxyhemoglobin content, proba- 
bly explaims most of the decrement in Psqo seen in sub- 
jects in th2 present study. 

Smokers have a slight increase in basal energy expen- 
diture, and this also may contribute to their decreased 
Psqo>.**! However, the dramatic fall and rise seen in this 
study were most likely due to a reduction in supply rather 
than an increase in demand. 

Any decrease in Pao, with smoking would lead to a de- 
crease in Psqo, as well, but the effects of smoking on Pao, 
tend to be more chronic than acute.’ Chronic pulmo- 
nary disease with a decreased Pao, could also lead to a 
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decreased baseline Psqo, in smokers. Vasoconstriction due 
to nicotine intake im patients with an already decreasedP- 
sqoz due to chronic pulmonary disease would compound 
the problem. 

Gottrup et al“ and Hopf et al have used Fick’s princi- 
ple to estimate relative rates of subcutaneous perfusion 
using Psqo2, Pao, hematocrit values, subcutaneous tem- 
perature, and Paco;. Assuming a constant hematocrit, 
Pao2, and Paco, the decline in Psqo, with smoking repre- 
sents about a 70% decrease in perfusion of the subcuta- 
neous tissue. This is probably an overestimate since 
inhalation of carbon monoxide in cigarette smoke de- 
creases arterial oxygen content by 3% to 15% in heavy 
smokers.” The subjects in this study had not smoked for 
12 hours. Therefore, the decrease in their oxygen-carrying 
capacity was probably in the range of 5%. Taking this into 
account, subcutaneous blood flow decreased about 50% 
after smoking. 

Several components of wound healing, including col- 
lagen deposition, angiogenesis, and epithelization, are 
responsive to changes in oxygen tension both above and 
below normal leveis.*"' The decrement in Psqo, produced 
by smoking is clearly in the range in which healing is af- 
fected."’ A constant reduction of Psqo, in animals by 30% 
reduces collagen deposition by about 30% to 50% .!! Mod- 
erate smoking, with its periodic hypoxia, has depressed 
collagen deposition in test wounds in normal humans by 
10% to 24%.’ No estimate is available for the effect on ep- 
ithelization or other parameters of wound healing. 

Resistance of wounds to infection is also dependent on 
the availability of exygen to leukocytes. Hypoxic animals 
are exceptionally vulnerable to wound infections.” This 
effect may be more important to surgical patients than 
healing. As judged by existing studies on animals, the 
decrement measured for this study is capable of seriously 
impairing resistance to infection in tissue that is already 
marginally hypoxic.* 

The results of this study indicate that the adverse effects 
of smoking on healing may be mediated in major part 
through activation of the adrenergic system, vasocon- 
striction, and decreased Psqo,. Smoking for 10 minutes 
decreases tissue oxygen tension for approximately 1 hour. 
A typical pack-a-day smoker would thus be expected to 
remain tissue hypexic for most of each day except for the 
period lasting from 1 hour after the last cigarette of the day 
is smoked until the first cigarette of the next day is 
smoked, or up to 15 to 20 hours each day. Some investi- 
gators” have used a-adrenergic blockade to overcome 
the adrenergic effects of nicotine, including coronary ar- 
tery vasospasm.” Therefore, a-adrenergic blockade may 
be clinically useful when wound healing must be ensured 
in patients who are unwilling to stop smoking. 


This study was supported in part by GM 27345 from the National 
Institute of General Medical Sciences, the National Institutes of 
Health. 
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Invited Commentary 





This study of tissue hypoxia from cigarette smoking is el- 
egant in its simplicity of concept and method. The results are 
straightforward, credible, and presumably reproducible. 
They are particularly agreeable to me. With the late Alton 
Ochsner, MD, and Richard Overholt, MD, I was appalled and 
illuminated when the findings of medical student Ernest 
Wynder (now consultant to the American Health Foundation 
of New York, NY) showed us in 1949 that our patients with 
lung cancer were about 17 times as likely to be two-pack-a-day 
smokers as our patients without cancer. With this fact trying 
to tell us something, we observed more postoperative com- 
plications in our smokers. We then joined forces, and in lay 
and professional channels opposed cigarette smoking. We 
even testified against the tobacco companies on behalf of 
plaintiff patients with lung cancer (with notable lack of suc- 
cess). 

Surgeon General Luther Terry’s 1964 report and, later, 
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Surgeon General Everett Koop’s support were boons to our 
efforts. Also, the young Columbia Law School graduate, John 
Banzha: III, became a rallying point. He gained access to the 
airwaves for “substantial rebuttal time” to follow cigarette 
advertising. We were able to enlist much support for Banz- 
haf’s Action on Smoking and Health from prestigious people, 
eg, Frarz Ingelfinger, MD, editor of the New England Journal 
of Medicine, and famed cardiologist Paul Dudley White, MD. 
Anearly Action on Smoking and Health objective was to have 
cigarette advertisements off the air by January 1, 1971. We 
made iť This was followed by restricted areas in public 
buildings, airlines, etc. This battle against the greatest pre- 
ventable cause of death in our country is snowballing. 

Dwacut E. Harken, MD 

Boston, Mass l 
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Stereotaxic Localization for Fine-Needle 
Aspiration Breast Biopsy 


Initial Experience With 300 Patients 


Julie S. Mitnick, MD; Madeline F. Vazquez, MD; Daniel F. Roses, MD; 
Matthew N. Harris, MD; Rosamond Gianutsos, PhD; Jerry Waisman, MD 


è The efficacy of stereotaxic aspiration biopsy was evalu- 
ated in 300 consecutive patients with nonpalpable mam- 
mographic lesions. Sixty-eight patients (23%) had suspi- 
cious or malignant aspirates; all cases were proved 
malignant by subsequent examination of operative speci- 
mens. Two hundred sixteen patients (72%) had benign as- 
pirates. Of these, 65 were confirmed by operation and 151 
had subsequent mammography at 6- and 12-month intervals 
with no demonstrable mammographic change. In 10 in- 
stances (3%), the aspirates were atypical, and in six (2%), 
nondiagnostic. Biopsy specimens were obtained in all 16 
instances, and eight were malignant. The sensitivity of ste- 
reotaxic breast aspiration for the diagnosis of cancer was 
96%, and the specificity was 100%. Our experience con- 
firms the efficacy ef stereotaxic aspiration for the initial 
evaluation of mammographically detected, nonpalpable le- 
sions. 
(Arch Surg. 1991:126:1137-1140) 


erent mammographic findings, such as a dis- 
turbance in the parenchymal pattern or a focal 
asymmetric density, are well-recognized subtle roentgen- 
ographic indicators of breast cancer.!? As the use of 
mammography has become more widespread and the 
ability to detect cancer has increased owing to improved 
film screen technique, such findings have led to a greater 
number of operative biopsies. This has also led to an in- 
crease in the detection of lesions that prove to be benign.?4 
Aspiration biopsy has been demonstrated to be a valuable 
technique for the diagnosis of palpable masses and has more 
recently been applied to diagnose nonpalpable lesions as 
well, using a variety of techniques for localization. How- 
ever, there has been a wide variation in the reported accu- 
racy when ultrasound or roentgenography has been used 
for guiding the needle, most likely due to an inability to 
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verify its location.°* Initial reports suggest that stereotaxic 
localization may allow greater accuracy in the performance 
of aspiration biopsy for nonpalpable lesions.” 

To evaluate the reliability of this technique, we pro- 
spectively performed stereotaxic aspiration biopsies on 
300 patients with clinically occult mammographic find- 
ings. We correlated the cytologic findings with both the 
mammographic appearance and the histopathologic find- 
ings of subsequent operative biopsies when performed, 
or the clinical and mammographic follow-up when not 
performed because of benign cytologic findings. 


PATIENTS AND METHODS 


Stereotaxic aspiration biopsies were performed on 300 con- 
secutive patients with nonpalpable mammographic findings. 
The patients were evaluated initially at the New York (NY) Uni- 
versity Medical Center or referred following mammography 
elsewhere. The stereotaxic procedures were performed on the 
GE Stereotix unit (GE Medical Systems, Milwaukee, Wis). Pre- 
liminary roentgenograms of the abnormal findings with two 
views angled at 15° were obtained. The procedures were 
performed with the patient seated, using a perforated compres- 
sion plate with an opening to permit introduction of the needle. 
Using the stereoscopic images, the x, y, and z coordinates of the 
lesion were calculated with a microprocessor, and the needle 
was advanced to the calculated position, which was confirmed 
by another roentgenogram. One initial aspirate was obtained by 
the cytopathologist while the films were being processed. When 
the correct position had been verified, two additional aspirates 
were then obtained. If necessary, the position of the needle was 
adjusted and reconfirmed by additional roentgenograms. The 
procedure time from preliminary roentgenograms to prelimi- 
nary cytologic assessment rarely exceeded 20 minutes. 

Air-dried smears were stained immediately by a modified 
Wright method (Diff-Quik, Baxter Health Care Corp, Dade Di- 
vision, Miami, Fla). These smears were then examined to verify 
that an adequate sample had been obtained. The cytologic find- 
ings were divided into the following categories: (1) malignant: a 
definitive diagnosis of cancer was based on cellular material with 
large numbers of atypical cells, especially dissociated cells, and 
no extenuating factors; (2) suspicious: an unqualified diagnosis of 
cancer could not be made because of some mitigating factor, as, 
for example, severely atypical cells but in small numbers; (3) 
atypical: there were minimally or moderately atypical cells, often 
mixed with benign elements; (4) benign: the cytologic findings 
were compatible with a benign diagnosis and also compatible 
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Stellate density 
Nodule 
With adjacent trabecular distortion 


Well circumscribed 
Lobulated or irregular margins 
With microcalcifications 
Focal asymmetric density 
Localized trabecular distortion 
Microcalcifications 
Total 





Fig 1.— Top, A 3-mm stellate lesion in the lateral aspect of the right 
breast of a 52-year-old woman (arrow). Bottom, The aspirate showed 
elongated tubules composed of well-differentiated columnar cells. 
The mastectomy specimen showed a tubular adenocarcinoma con- 
firmed at mastectomy (modified Wright’s stain, X 600). 


with the mammographic findings, and there were no atypical 
cells; and (5) nondiagnostic: the specimen was inadequate for 
making any diagnosis. 

In all instances when the aspirate was malignant, subsequent 
operative specimens were available for histopathologic correla- 
tion. In those instances in which an aspirate was suspicious, 
atypical, or nondiagnostic, an operative biopsy was performed. 
In those instances in which the mammogram had malignant 
characteristics and the aspirate was benign or nondiagnostic, an 
operative biopsy with preoperative needle localization was per- 
formed. When the mammographic findings had benign charac- 
teristics and the cytologic finding was also benign, the patient 
was reassessed mammographically at 6-month intervals. 


RESULTS 
The patients in this study were aged from 29 to 86 years 
(mean age, 58 years). There were 162 aspirates for findings 
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Fig 2.—Top, A 6-mm nodule visualized on the craniocaudal view 
(arrow). Bottom, The aspirate contained singly dispersed atypical 
cells with enlarged nuclei and retained cytoplasm, diagnostic of 
adenocarcinoma (modified Wright’s stain, X 300). 





in the right breast and 138 in the left breast. Table 1 summa- 
rizes the mammographic appearance of the 300 lesions. The 
size of the nonpalpable lesions ranged from 3 to 27 mm 
(mean size, 15 mm). The smallest malignant stellate lesion 
was a tubular carcinoma 3 mm in greatest diameter (Fig 1). 
Other instances of carcinoma, which we include as illustra- 
tive of the range of lesions, were a 6-mm nodule, the 
stereotaxic aspirate of which was malignant and confirmed 
histopathologically (Fig 2); a 5-mm area of trabecular distor- 
tion, the stereotaxic aspirate of which was malignant (Fig 3) 
and confirmed to be infiltrative carcinoma (lobular adeno- 
carcinoma); and a 4-mm area of microcalcifications (Fig 4), 
the stereotaxic aspirate of which was malignant and which 
was confirmed to be intraductal comedocarcinoma. The as- 
pirate of the last example contained malignant cells along 
with calcific and necrotic debris. 

The correlation of stereotaxic aspiration biopsy results 
with the mammographic findings of the 300 patients is 
given in Table 2. Sixty (77%) of the 78 stellate densities had 
malignant, suspicious, or atypical aspirates. Two nondi- 
agnostic aspirates were proved to be malignant on subse- 
quent excisional biopsy specimens. One was close to the 
chest wall and the other was in axillary breast tissue. Both 
of these false-negative procedures related to difficulties in 
positioning that occurred early in the series. Subse- 
quently, no procedure was terminated until it had been 
ascertained that an adequate cellular aspirate had been 
obtained. The 16 benign aspirates included nine instances 
of mammary dysplasia, five scars secondary to prior sur- 
geries, and two radial scars. There were 16 stellate lesions, 
nine of which were classified as benign by stereotaxic as- 
piration. All were resected and all proved to be benign. 
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In our evaluation of 300 consecutive stereotaxic aspira- 
tion biopsy specimens, 57 (19%) were malignant, 11 (4%) 
were suspicious for malignancy, 10 (3%) were atypical, 
and six (2%) were nendiagnostic. All 84 of the lesions were 
excised. Sixty-five lesions designated as benign by aspira- 
tion were also excised. The correlation of the cytologic di- 
agnoses with the microscopic diagnoses of the operative 
specimens is seen im Table 3. The sensitivity of stereotaxic 
breast aspiration biopsy for the detection of cancer was 
96%. When suspicieus cases were included in the compu- 
tation as malignant. a specificity of 100% was achieved. 


COMMENT 


In our experience, stereotaxic aspiration has allowed 
the precise localization of nonpalpable lesions for cyto- 
logic evaluation and has proved highly reliable for the 
identification of lesions that require surgery. In our series, 
all of the nonpalpable breast lesions that yielded suspi- 
cious or malignant aspirates proved to be malignant by 





e76. . 
Fig 4.—Top, A 4-mm grouping of microcalcifications with a localiz- 
ing needle in position. Bottom, the cytologic diagnosis was adeno- 
carcinoma, and calcific debris was present in the aspirate (modified 
Wright’s stain, X 300). 











Table 3.—Correspondence of Cytologic 
With Histologic Findings (n age 


Histologic Diagnosis 
















Cytologic 
Diagnosis (n) 






Malignant Atypical Benign 









Malignant (57) 57 
Suspicious (11) 11 es re 
| Atypical (10) 5 3 2 
Fig 3.—Top, Trabecular distortion measuring 5 mm present at the Nondiagnostic (6) 3 p 3 
superior aspect of the right breast (arrow). Bottom, The aspirate Benign (65) Pr A 65 






showed pleomorphic malignant epithelial cells with abundant mi- 


totic figures (modified Wright's stain, X 300). Total (149) 
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Mammographic Findings Malignant Suspicious Atypical Nondiagnostic Benign 









Stellate density 44 10 6 2 16 78 
Nodule 5 ee ah. boss 63 68 
Focal asymmetric density 1 wee TE PES 66 67 
Trabecular distortion 2 re 2 3 37 44 
Microcalcifications 5 1 2 1 34 43 












Total (%) 57 (19) 11 (4) 10 (3) 6 (2) 216 (72) 300 (100) 
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‘ficity and Sensitivity Based on Interpretation of Inac 
Specificity 





% Nondiagnostic 


Evans and Cade” 50 27 
Gent et al? 187 17 
Ciatto et al" 218 17 
Bibbo et al” 114 13 
Dowlatshahi et al" 528 10 
Azavedo et al” 2573 2 
Present study 300 2 


71 100 100 100 80 100 
74 > 94 98 98 98 
76 97 97 85 77 84 
78 92 91 100 93 100 
80 92 91 96 95 96 
97 98 98 80 74 79 
96 98 97 100 95 100 


*Percentage specificity and sensitivity computed when nondiagnostic samples are considered malignant (M), benign (B), or ex- 


cluded (E). 


subsequent resection, and no lesion that was benign by 
aspiration has proved malignant. In 5% of cases, the as- 
pirates yielded atypical or nondiagnostic results, and in 
six instances the lesions proved to be malignant by oper- 
ative biopsy. 

Our results have confirmed four major observations 
previously made in a review of 100 aspirates performed at 
our medical center for palpable breast lesions”: (1) defin- 
itive benign and malignant results are reliable; (2) suspi- 
cious results are indicative of cancer; (3) atypical results 
may be indicative of benign or malignant processes; and 
(4) inadequate results must be followed by repeated aspi- 
ration or excision. 

Interpretation of specificity and sensitivity must con- 
sider inconsistencies in the statistical treatment of nondi- 
agnostic samples, especially when there are large num- 
bers of them.'*!© In most reported studies, sufficient 
data were presented to allow us to compute specif- 
icity and sensitivity using different computational 
approaches.*!"2'517 These results are tabulated in Table 
4. The computational artifacts and the distortion of spec- 
ificity and sensitivity are minimized when the incidence 
of inadequate samples is reduced, as in our study. In our 
experience, the immediate interpretation by the cyto- 
pathologist to determine the adequacy of the sample ob- 
tained by aspiration has been essential in reducing the 
number of inadequate samples. 

There have been two advantages of stereotaxic aspira- 
tion in our experience. First, stereotaxic aspiration expe- 
dites a malignant diagnosis and permits rapid treatment 
planning; second, a benign cytologic diagnosis has per- 
mitted greater security in radiologic follow-up. Had biop- 
sies not been performed on those 65 lesions that were cy- 
tologically benign, the percentage of malignant 
neoplasms found by aspiration biopsy would have risen 
from 51% (76/149) to 90% (76/84), yet no cancer would 
have gone undetected. The impact of this technique, if 
reproducible by other centers, may be particularly signif- 
icant as the volume of clinically occult mammographically 
detected lesions increases through more widespread 
screening programs. 

This study was supported in part by the Landesberg-Zale Research 
Fund in Surgical Oncology, New York, NY. 
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Race and Liver Transplantation 


Thomas A Gonwa, MD; Christine A. Morris, RN; Martin L. Mai, MD; Bo S. Husberg, MD, PhD; 
Robert M. Goldstein, MD; Goran B. Klintmalm, MD, PhD 


@ Little is known about the effect of race on the outcome 
of liver transplantation. We retrospectively reviewed a se- 
ries of 358 recipients of orthotopic liver transplants to ad- 
dress this issue. Black recipients were underrepresented 
compared with the general population (6% of transplant 
recipients vs 12% of the population). Black recipients 
appeared sicker when presenting for transplantation, as ev- 
idenced by a higher priority score and a significantly greater 
incidence of acute and fulminant presentation. Despite this, 
black recipients had survival rates following transplantation 
that were not significantly different from those of white re- 
cipients; the 1-, 2-, and 3-year actuarial survival rates of 
blacks were 89.6%, 68.3%, and 68.3%, respectively, while 
the actuarial survival rates of whites at the same periods 
were 86%, 82.4%, and 78.6%, respectively. We conclude 
that blacks can have an outcome equal to whites following 
liver transplantation but they are underrepresented com- 
pared with the general population. 
(Arch Surg. 1991;126:1141-1143) 


T he effect of race on graft survival after renal trans- 

plantation is controversial. Many studies have re- 
ported inferior graft survival in black recipients,’* while 
others have reported equal survival.” The reason for this 
disparity is not known. Even less information is available 
with regard to liver trensplantation. To our knowledge, 
only one study has been published that examined this is- 
sue. Teperman et al ° described 997 adult and 432 pedi- 
atric recipients and demonstrated inferior patient survival 
in black recipients. We retrospectively reviewed our pop- 
ulation of 358 recipients to address the effect of race on 
survival after liver transplantation. 


MATERIALS AND METHODS 

Between April 1985 anc May 1990, 416 orthotopic liver trans- 
plantations were performed in 358 recipients. All but three pa- 
tients were aged 16 years or older; one patient was aged 4 years 
and two were aged 12 vears. All medical records were reviewed 
for race, age at transplantation, sex, presence or absence of he- 
patorenal syndrome (HRS), and pretransplantation status. Pre- 
transplantation status was defined by United Network for Organ 
Sharing criteria as follows: status 1 indicates not hospitalized; 
status 2, in hospital, but not in intensive care unit; status 3, in 
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intensive care unit; and status 4, acute fulminant hepatic failure. 
All data were analyzed using statistical software (CSS, STAT- 
SOFT, Tulsa, Okla). The x? analysis was used for analysis of cat- 
egorical variables (eg, disease, status, and HRS), and Student's 
t test was used for age. For comparison of survival, Kaplan-Meier 
survival was generated for each group. Groups were compared 
using the F test, Wilcoxon’s rank sum test, Cox proportional- 
hazard analysis, and log-rank analysis. For analysis, race was 
divided into white, black, and other (ie, Hispanic, Latin, Orien- 
tal, and Asian). 


RESULTS 

Three hundred thirteen recipients were white (87.4%), 
23 were black (6.4%), and 22 were “other” (6.1%). The 
“other” group was varied and there were too few patients 
in each racial group for analysis. Therefore, we confined 
the remainder of the analysis to the white and black 
recipients. The causes of liver failure leading to trans- 
plantation are outlined in Table 1. The disease distribution 
between black and white recipients was analyzed using x? 
analysis. Whites had a statistically greater incidence of 
primary biliary cirrhosis (P<.02) than did blacks. Blacks, 
on the other hand, had a greater incidence of fulminant 
and subfulminant hepatic failure (26% vs 6%; P< .005) and 
Budd-Chiari syndrome (13% vs 1.67%; P<.02). Thus, 
blacks presented for liver transplantation with more acute 
disease. 

The preoperative characteristics of black and white re- 
cipients is presented in Table 2. Black recipients were 
younger but sicker, as defined by preoperative transplan- 
tation status and presence of HRS syndrome. Actuarial 
survival (life table analysis) 1, 2, and 3 years after trans- 
plantation is presented in Table 3. Black recipients had 
superior survival at 1 year, but lower survival at 2 and 3 
years. The actuarial survival curves were compared using 
the F test, Wilcoxon’s rank sum test, Cox proportional- 
hazard analysis, and log-rank analysis and were not sta- 
tistically different. Of the 313 white patients, 52 died. Of 
the 23 black patients, four died after transplantation: one 
at 2 weeks, one at 18 months, one at 19 months, and one 
at 23 months. Causes of death in these four patients were 
sepsis and HRS, ruptured berry aneurysm, newly ac- 
quired hepatitis B (original disease was Budd-Chiari and 
the patient died awaiting retransplantation), and 
Pseudomonas pneumonia following retransplantation for 
chronic rejection. Of the 313 white recipients, 49 received 
a second transplant and five received a third transplant. 
The retransplantation rate was 15.7% (49 of 313 patients). 
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Table 1.—Cause of Liver Failure 


No. (%) of Patients 


eo N 


White (n=313) Black (n=23) 
(18.2)* 
(15.7) 


Primary biliary cirrhosis 


Cryptogenic cirrhosis 


Chronic active hepatitis B (9.6) 


Chronic active hepatitis (11.5) 


Fulminant and subfulminant 
hepatic failure 


(6.4)t 
(10.2) 
Laénnec’s cirrhosis (5.1) 
Budd-Chiari syndrome (1.6)* 
Cancer (6.1) 
Other (15.7) 


*P< 02 for black vs white. 
+P<.005 for black vs white. 


Sclerosing cholangitis 









Table 3.—Actuarial Patient Survival 
Following Liver Transplantation 














% (No.) of Patients* 
Year After ————— 
Transplantation White Black 
1 86 (186) 89.6 (13) 
2 82.4 (122) 68.3 (6) 
78.6 (68) 68.3 (2) 








*No. of patients at risk at a specific time using Kaplan-Meier survival 
analysis. 


Of the 23 black recipients, two received a second trans- 
plant and none received a third transplant. The retrans- 
plantation rate was 8.7% (two of 23 patients) (P>.2). 


COMMENT 

The effect of race on survival following transplantation 
continues to be controversial, even in the cyclosporine era. 
In kidney transplantation, mixed results have been re- 
ported, with most centers and large cooperative studies re- 
porting lower graft survival in black recipients. Graft sur- 
vival has ranged from 7% to 10% at 1 year, and up to 20% 
at 3 years.!* Several centers have published results indicat- 
ing that there is no difference in graft outcome between the 
races.”? The reason for these disparities is not known. 

Even fewer data are available to examine this issue in 
cases of liver transplantation. Teperman et al” presented 
their data at a symposium addressing the issue of trans- 
plantation in blacks. In their series of 1429 patients, they 
analyzed patients as black and nonblack, lumping His- 
panic, Asian, and other races in the latter category. Using 
this categorization, there were 997 adult and 432 pediat- 
ric patients. The pediatric black recipients made up 13.9% 
of all pediatric patients and had superior patient survival 
compared with nonblack pediatric patients (75% vs 67%; 
not significant). In comparison, only 6% of the adult pa- 
tients were black and their survival was significantly 
worse than that of nonblacks 2 years after transplantation 
(50% vs 70%; P<.015). 

We retrospectively reviewed our series of 358 adult pa- 
tients (with the exception of three patients younger than 
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Table 2.—Preoperative Characteristics of White and 


Black Liver Transplant Recipients 









Characteristic White (n= 313) Black (n= 23) 

















No. (=o) of female patients 174 (55.6) 42 (52.2) 
Age, 7 
Mean 44.6 34.8t 
Ramge 4-68 16-58 
Status. No. (%) of patients 
1 180 (57.5) 7 (30.4) 
2 47 (15) 1 (4.3) 
3 35 (11.2) 5 (21.7) 
4 51 (16.3) 10 (43.4) 


Hepaorenal syndrome, 


Ne (%) of patients 33 (10.5) 4 (17.4)* 





*P = net significant for black vs white. 
+P<.0)1 for black vs white (Student’s t test). 
+P<.0)1 for black vs white (x? analysis). 


16 yea-s) to address this issue. Since our population 
included only 13 Hispanic patients and eight patients of 
Asian or other descent, we confined our analysis to black 
vs whi-e recipients. Inclusion of these latter two groups 
in the white population does not affect the survival of that 
population (data not shown). The results of our series do 
not cor firm the Pittsburgh data” regarding differences in 
survivel. Patient survival 1, 2, and 3 years after trans- 
plantation in the black population was not statistically 
different from that of the white population (89.6%, 68.3%, 
and 68.3% vs 86%, 82.4%, and 78.6%, respectively). There 
is, however, a trend toward lower survival in black recip- 
ients. Whether this would become significant with a 
longer follow-up or a greater number of patients is 
unknown. 

Our data do confirm some disquieting trends noted in 
the series by Teperman et al.” First, blacks are underrep- 
resented in the adult liver transplantation population. 
Blacks represent 12.2% of the US population but only 
6.4% of the patients in our series. In our program, 38% of 
the pa-ients came from the immediate Dallas metropoli- 
tan area (approximately 20% black), 22% came from the 
rest of Texas (11.9% black), and the remaining 40% of pa- 
tients came from outside Texas. Therefore, it is difficult to 
determine if blacks are even more underrepresented than 
if the percentage of blacks in the US population is used as 
a basis for comparison. Regardless of which percentage 
we use for comparison, it is still evident that blacks are 
underzepresented in the adult liver transplantation pop- 
ulation. Access to renal transplantation is approved 
through Medicare, and despite this, blacks appear some- 
what underrepresented in the renal transplantation pop- 
ulatiom as well.' 

Liver transplantation is currently available only to those 
adult patients who have private health insurance, to those 
who live in the few states in which the Medicaid program 
will pay for liver transplantation in selected instances 
(Texas being one), or to those who can raise large sums 
of money. We agree with the suggestion by Teperman et 
al? that it is unfortunate that Medicare continues to con- 
sider liver transplantation “experimental” for patients 
older than 18 years. Recent progress toward Medicare 
covere ge for liver transplantation in adults is a step in the 
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right direction. Of note is the fact that Medicare does fund 
pediatric liver transplantation. In the Pittsburgh series,” 
black pediatric patients were represented in an equal 
proportion to theirdistribution in the general population 
and their survival was equal to nonblacks. This suggests 
that when equal funding is available, blacks are referred 
as often as are nonblacks and do as well. 

Second, we have noted a worrisome trend for the black 
liver recipients to be sicker when they are referred for 
transplantation. This is evidenced by a diagnosis at 
transplantation of a more fulminant disease (Table 1) and 
a worse status score (Table 2) in the black recipients. 
Whether this reflects reluctance to refer black recipients 
sooner for consideration for transplantation or other un- 
derlying socioeconomic differences is unknown. The re- 
sults of our study suggest that adult black recipients can 
have survival equal to white recipients after liver trans- 
plantation. However, the access to this life-saving tech- 
nology for adults appears to be unequal. 


This work was supported in part by the Baylor University Medical 
Center Foundation, Dallas, Tex. 

We are indebted to Ann Drew for her assistance in preparing this 
manuscript and to Linda Jennings, PhD, Baylor University Trans- 
plantation Services, for the statistical analysis and discussion. 
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The incidence of myasthenia gravis (MG) was found to be constant in calendar 
time. The mean annual incidence rate was 4.4 per million population. Age- and 
sex-specific incidence rates disclosed a bimodal appearance for both sexes, with a 
peak age at onset located in the early-onset group and another peak for late onset 
of MG. Early onset of MG appeared 10 years later for male individuals than for fe- 
male individuals, whereas the peak for late onset of MG was located at the same 
age for both sexes. It is suggested that the separation between early onset and late 
onset of MG should be at the age of 50 years for both sexes, rather than at 35 to 
40 years as accepted in most studies. The prevalence of MG has increased in time. 
On January 1, 1988, the point prevalence rate was 77 per million population (fe- 
male subjects, 96, and male subjects, 57). This reflects an improvement in progno- 
sis despite the fact that life expectancy was found to be significantly lower for MG 
patients than that of the sex- and age-matched population. The factors causing in- 
creased mortality were found to be operative throughout the duration of the dis- 
ease. Maximum severity of disease was reached within 2 years from onset in 78% 
of the cases, and more than 50% of all MG-related deaths occurred during the same 
period. In the course of MG, 70% of all patients experience generalized muscular 
weakness, and 30% to 40% also suffer from respiratory problems. (Arch Neurol. 
1991;48:733-739). 

Reprint requests to Department of Neurology, Rigshospitalet, Blegdamsvej 9, 2100 Copenhagen, 
Denmark (Dr Somnier). 
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Clinical Note 


Gastric Volvulus in the Pediatric Population 


Daniel L. Miller, MD; Michael D. Pasquale, MD; Russed P. Seneca, MD; Earl Hodin, MD | 


è Acute gastric volvulus in children is uncommon. Since 
1899, only 77 cases have been documented in the world 
literature. In children, mesenteroaxial volvulus is the 
most common type and associated anatomic defects ate 
the rule. Diagnostic delays result in gastric ischemia, 
perforation, and death. Nonoperative mortality is 80%. 
Early recognition, surgical reduction with gastric fixation, 


and repair of associated defects are the mainstays of. 


therapy for acute gastric volvulus in me pediatric popu- 
lation. 
(Arch Surg. 1991;126:1146-1149) 


G astric volvulus is a rare condition in the pediatric 

population.! Awareness of this entity is important 
because it represents a true surgical emergency; delays in 
diagnosis may be fatal. We describe two cases of acute 
gastric volvulus in children and present an updated 
review of the world literature. 


REPORT OF CASES 


Case 1.—A 3-year-old girl with Down syndrome presented 
with an 8-hour history of abdominal pain and nonproductive 
vomiting. Plain abdominal roentgenograms showed an “upside- 
down” stomach. Passage of a nasogastric tube was not at- 
tempted. Exploratory laparotomy disclosed an enormously di- 
lated and cyanotic stomach. A combined organomesenteroaxial 
gastric volvulus was identified and reduced. After reduction, a 
4x5-cm ischemic area in the greater curvature of the stomach 
was evident, as well as absence of ligmental attachments to the 
stomach. The nonperforated ischemic area was resected, supe- 
rior and inferolateral gastropexies were performed, and a 
gastrostomy tube was inserted. The patient had an uneventful 
recovery. 

Case 2.—A 14-year-old girl with chronic abdominal pain pre- 
sented with a 12-hour history of abdominal discomfort, and 
complained of abdominal distension and nonproductive retch- 
ing for the first time. Plain abdominal roentgenograms showed 
a dilated stomach. After successful passage of a nasogastric tube, 
an upper gastrointestinal series showed a gastric volvulus (Fig 
1). At exploratory laparotomy, a mesenteroaxial volvulus of the 
stomach was identified and reduced. No signs of gastric is- 


Accepted for publication May 19, 1991. 
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chemia were evident, but elongation of gastric ligaments was 
noted. Thickening of the second portion of the duodenum was 
also pres2nt, apparently secondary to chronic intermittent vol- 
vulus of -he stomach. Anterior gastropexy was performed and 
a gastros-omy tube was inserted. The patient had an uncompli- 
cated postoperative course. 


REVIEW OF REPORTED CASES 


Gastric volvulus has been reported in children, pre- 
dominantly boys, from age 1 day to 15 years, with a mean 
age of 2.4 years. Twenty percent of the children were 
younger than 1 month old, 44% younger than 1 year, and 
82% weze younger than 5 years. 

Suffic.ent data to determine the type of volvulus were 
available in 74 (96%) of 77 cases reported. The majority of 
cases were mesenteroaxial. A combined organomesen- 
teroaxia! volvulus was present in three patients. There- 
fore, ou: first patient represents only the fourth combined 
case, to our knowledge. 

Information on associated defects was available for 72 
(94%) oi 77 patients described. Most commonly associated 
defects involved the diaphragm and gastric ligaments. 
Multiple defects were found in 25 (35%) of the 72 children. 


- Associazed defects are summarized in the Table. 


Surgical treatment was the primary mode of therapy in 
87% of the children. Seventy surgical procedures were 
performed in 67 patients; they included reduction alone 
(20%), -eduction after trocar decompression (10%), re- 
duction with fixation (24%); reduction with repair of as- 
sociatec defects (20%), and combination reduction, fixa- 
tion, and repair of associated defects (26%). Sixty-nine of 
the 70 procedures were performed transabdominally. The 
one thcracic approach was used for an associated recur- 
rent dizphragmatic hernia. Gastric fixation consisted of 
single cr multiple gastropexies, gastrostomy tube inser- 
tion, or transverse colon fixation. Primary repair of asso- 
ciated defects included lysis of adhesions, division of 
conger_tal bands, closure of perforations, repair of dia- 
phragrratic hernias, and plication of diaphragmatic even- 
trations. Three children (4%) experienced recurrence of 
their gastric volvulus after surgical correction; two of 
these tLree patients had undergone reduction alone while 
the third underwent combined reduction and anterior 
gastropexy only. 

Delas in diagnosis and definitive treatment lead to fa- 
tal complications such as gastric ischemia, perforation, 
obstruction, gastric pouch hemorrhage, splenic rupture, 
and aspiration pneumonia. Gastric ischemia and/or per- 
foration were found in 10 (13%) of patients; two thirds of 
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Fig 1.—Roentgenogran (supine Josition) of an upper gastro‘ntes- 
tinal series showing a nasogastric tube in a dilated volvulized stom- 
ach (Case 2). 
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these children diec. The majority of 77 ischemic azeas 
were located in the greater curvature of the stomact.. 
Fight (12%) of the 67 patients who underwent surgical 
intervention for acut2 gastric volvulus died. Four (50%) of 
these eight patierts underwent reduction only; two 
patients (25%) und2rwent reduction after trocar decom- 
pression; one patiem: (12.5%: underwent reduction, gas- 
trostomy fixation, and Nissen’s fundiplication for an as- 
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Fig 2.— Diagram of a gastric mesenteroaxial volvulus. Rotation (A to 
A’) occurs about the short axis of the stomach. 


sociated diaphragmatic hernia; and one patient (12.5%) 
underwent reduction, gastrostomy fixation, and partial 
gastric resection for perforation. Ten (13%) of the 77 pa- 
tients did not undergo surgical intervention; eight of these 
died. The nonoperative mortality was 80%; overall mor- 
tality was 21%. 


COMMENT 


Acute gastric volvulus was first documented in 1866 by 
Berti? in a 60-year-old woman. In 1897, Berg’ reported the 
first successful treatment with trocar decompression and 
reduction. In 1899, Oltmann* described the first pediatric 
case of a 15-year-old boy who died of perforated gastric 
volvulus. Since then, only 76 additional cases of gastric 
volvulus in children have been documented in the world 
literature, to our knowledge.*™ The most recent pediatric 
review (51 cases) was in 1980.” 

Three types of gastric volvulus have been described: 
mesenteroaxial, organoaxial, and combined. Mesentero- 
axial volvulus (Fig 2) occurs abort a sagittal plane with 
rotation around the long axis of the gastrohepatic omen- 
tum, while organoaxial volvulus (Fig 3) occurs about a 
coronal plane with rotation around the long axis of the 
stomach. 

Associated defects or disease processes tend to be the 
rule rather than the exception in the pediatric population. 
Predisposing factors include laxity of gastric ligaments, 
presence of bands or adhesions, and displacement of the 
stomach into abnormal spaces. Absence or attenuation of 
gastric ligaments is considered the result of abnormal fu- 
sion of fetal mesenteries. Anatomical attachments of the 
stomach are shown in Fig 4. 

Symptoms of acute gastric volvulus depend on the de- 
gree of rotation and obstruction of the stomach. Acute 
onset of epigastric pain is almost always the first symp- 
tom, followed rapidly thereafter by gastric distension and 
then retching, which may or may not be productive. In 
1904, Borchardt” described his classic triad for acute gås- 
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Fig 3.— — Diagram of an organoaxial volvulus. Rotation (B to B’) occurs 
about the long axis of the stomach. 


tric volvulus: acute distension of the stomach, difficult 
passage of a nasogastric tube, and nonproductive retch- 
ing. This triad was present in 70% of the children. Other 
symptoms include chest pain, dysphagia, dyspnea, dys- 
pepsia, and borborygmi. 

Radiologic findings of acute gastric volvulus are as 
characteristic as the clinical presentation. The presence of 
concomitant pyloric obstruction results in a massively di- 
lated viscus and usually paucity of gas within the remain- 
der of the intestinal tract. In the mesenteroaxial volvulus, 
the distended stomach appears spherical in supine roent- 
genograms, while in upright roentgenograms a double 
air-fluid is seen. “Beaking” may be seen next to the gas- 
troesophageal junction secondary to pyloric obstruction.” 
In organoaxial volvulus, the body of the stomach is 
inverted, with the greater curvature above the lesser cur- 
vature. The radiologic differential diagnosis includes gas- 
tric atony secondary to diabetic gastroparesis, pyloric ob- 
struction due to hypertrophic pyloric stenosis, and acute 
gastric distension caused by bezoars, of which only the 
latter two are frequently encountered in children. 

Effective treatment for acute gastric volvulus in children 
requires immediate surgical intervention after appropri- 
ate resuscitative measures. Initially, gastric decompres- 
sion may be required to facilitate reduction of the stom- 
ach and to prevent impending gastric ischemia. In adults, 
preoperative nasogastric tube decompression is used 
routinely. However, this maneuver is potentially fatal in 
children because of perforation risks. Therefore, intraop- 
erative decompression may be required. Gastrostomy 
tubes serve this purpose well. Repositioning may be nec- 
essary for long-term decompression and fixation after re- 
turn of the stomach to its normal configuration. Earlier 
reports advocated trocar decompression, but mortality 
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Fig 4.— Ligamental attachments of the stomach include the gastro- 
phrenic, gastrohepatic, gastrocolic, and gastrosplenic. Inferiorly, 
the stomach is anchored by the second portion of the duodenum. 
Axes of tne stomach include the mesenteroaxial (short) and the or- 
ganoaxia? (long). 


risks (33%) curtailed its use. Also, endoscopic decom- 
pression has been used in adults, but should be avoided 
in children because of perforation risks.” 

Surgical correction should include reduction, primary 
repair cf associated anatomical defects, and fixation of the 
stomacn. An abdominal approach is recommended, even 
in the presence of an intrathoracic stomach, to ensure 
identifization of all associated anatomical defects and to 
facilitate reduction of the dilated stomach. Gastric fixation 
is required to prevent recurrence; two of the three patients 
with operative recurrences underwent reduction alone. In 
children, a gastrostomy tube serves the purpose of fixa- 
tion well and also provides a means of postoperative de- 
compression and feeding.» Of the patients described in 
the litesature, there were no recurrences in those under- 
going gastrostomy fixation, and it was performed in our 
patients without complications. Gastroenterostomies or 
major gastric resections are usually not necessary in chil- 
dren.** However, as in our first case, resection of an 
ischemic area can usually be accomplished without com- 
promising the dilated stomach. 

Since 1950, only four deaths (7%) have occurred in 56 
reported cases of acute gastric volvulus in the pediatric 
populetion. Before 1950, the mortality rate was 57%. This 
significant decrease in mortality is attributed to earlier 
recognition of this uncommon entity, improved periop- 
erative care, and the introduction of antibiotics. 

Prompt operative treatment after appropriate resusci- 
tation is recommended for acute gastric volvulus in chil- 
dren. Diagnostic delays lead to gastric ischemia, perfora- 
tion, and death. The use of preoperative nasogastric tubes 
is not advocated. Exploration should be performed trans- 
abdominally to facilitate reduction of the stomach and lo- 
catian of associated defects. Gastric fixation is required to 
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prevent recurrenc2. In children, especially infants, gas- 
trostomy tubes serve this purpose well and also provide 
a means of postoperative decompression. 


We appreciate the 3ecretarial assistance of Pamela F. Miller and 
Cynthia M. Pasquale in preparirg the manuscript and the artwork 
of Peter Stone. 
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Vegetative State After Closed-Head Injury: 


A Traumatic Coma Data Bank Report 


Harvey S. Levin, PhD; Christy Saydjari; Howard M. Eisenberg, MD; ` 
Mazy Foulkes, PhD; Lawrence F. Marshall, MD; Ronald M. Ruff, PhD; 


John A. Jane, MD; Anthony Marmarou, PhD 


T> elucidate the clinical course of the vegetative state after <2vere closed-head injury, the Traumatic 
Coma Data Bank was analyzed for outcome ‘at the time o- discharge from the hospital and after 
follow-up intervals ranging up to 3 years after injury. Of 65C patients with closed-head injury avail- 
able for analysis, 93 (14%) were discharged in a vegetative Sate. In comparison with conscious sur- 
vivors, patients in a vegetative state sustained more severe closed-head injury as reflected by the 
Glasgow Corra Scale scores and pupillary findings and mo= frequently had diffuse injury compli- 
cated by swelling or shift in midline structures. Of 84 patients in a vegetative state who provided 
follow-up data, 41% became conscious by 6 months, 52% regained consciousness by 1 year, and 58% 
recovered consciousness within the 3-year follow-up interve. A logistic regression failed to identify 
predictors of recovery from the vegetative state. (Arch Neur=l. 1991;48:580-585). 
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Clinical Note 


Cancer of Bile Duct With Situs Inversus 


Brian C. Organ, MD; Lee J. Skandalakis, MD; Stephen W. Gray, PhD; John E. Skandalakis, MD, PhD 


è We present a case of adenocarcinoma of the distal com- 
mon bile duct in a 68-year-old woman with total situs inver- 
sus. Endoscopic retrograde cholangiopancreatography prior 
to surgery demonstrated segmental obstruction of the distal 
common bile duct. Obstructive jaundice was observed and 
the results of liver function studies were abnormal. All bi- 
opsy specimens obtained in the operating room were neg- 
ative. The case met all the criteria of Child and Frey, but at 
the end of the procedure the tumor was found to involve the 
superior mesenteric vein, a factor not appreciated during the 
operative evaluation of the patient. The situs inversus did not 
produce any technical problems. The patient did not have 
any surgical complications, but she died 18 months later of 
the cancer. 
(Arch Surg. 1991;126:1150-1153) 


WwW present a case of total situs inversus in a patient 
with adenocarcinoma of the distal common bile 
duct. Although unrelated in origin, both pathologic enti- 
ties are extremely unusual and challenging to the surgeon. 
Situs inversus, in and of itself, is a rare condition; accord- 
ing to Varano and Merklin’ the reported incidence is es- 
timated at 1:5000 to 10 000 adults. Situs inversus demands 
total reorientation of the surgeon’s perspective so that the 
step-by-step operation will proceed smoothly. According 
to Sako et al,* malignancy of the bile ducts is a very rare 
lesion (0.01% to 0.46% of reported autopsies) that de- 
mands timely decisions in the operating room (ie, pallia- 
tive or radical resection); however, despite the fact that the 
surgeon may make the correct decision, overall prognosis 
in any case is very poor, anatomical complications are very 
common,’ and morbidity and mortality parallel those of 
pancreatic carcinoma. With regard to cancer, only the 
distal bile duct will be discussed in this report. 


REPORT OF A CASE 


A 68-year-old woman was examined in the emergency de- 
partment at the Piedmont Hospital, Atlanta, Ga, for possible in- 
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juries sustained in a fall. No significant injury was found. The 
patient had a history of heavy alcohol consumption and was 
jaundicec. Her biochemical profile was remarkable for elevated 
levels of the following components: bilirubin, 135 pmol/L; 
aspartate-aminotransferase, 218 U/L; alkaline phosphatase, 905 
U/L; and y-glutamyltransferase, 2754 U/L. The diagnosis on ad- 
mission was alcoholic hepatitis. 

Chest roentgenograms obtained on admission demon- 
strated d+xtrocardia (Fig 1), which was known to the patient. 
Abdomiral ultrasonography revealed total situs inversus, 
with the liver and inferior vena cava on the left side, the 
aorta on the right side, and the pancreas not visualized. 
Liver/spleen scan confirmed situs inversus with the liver on 
the left side and the spleen on the right side. Abdominal 
computec tomographic scan reaffirmed the diagnosis of situs 
inversus ind demonstrated extrahepatic biliary and pancreatic 
duct obstruction (Fig 2). Endoscopic retrograde cholangiopan- 
creatogra shy outlined a 2-cm high-grade stricture of the distal 
common bile duct with prominent proximal dilation (Fig 3). 
The panceatic duct could not be cannulated. 

At lapa-otomy, the diagnosis of situs inversus totalis was con- 
firmed. Moderately well-differentiated adenocarcinoma was di- 
agnosed ty frozen section analysis from tissues behind the head 
of the parcreas. No identifiable extension was observed outside 
the pancrzsas. Two lymph nodes from the posterior peripancre- 
atic area and portal vein were sent for frozen section analysis and 
demonstrated no evidence of metastatic disease. 

The postal vein, superior mesenteric vein, and root of the me- 
socolon were free of tumor. The tumor was deemed resectable, 
according to the criteria of Child and Frey.* 

A Whipple procedure was performed, and gastrointestinal 
continuity was restored with end-to-end pancreaticojejunos- 
tomy witn invagination of the pancreatic stump, end-to-side 
choledock ojejunostomy with transanastomotic T tube, and an- 
tecolic gastrojejunostomy without vagotomy (Fig 4). At the end 
of the dis: ection, however, a tumor was found to have invaced 
the poster_or surface of the superior mesenteric vein, a factor that 
was not appreciated during the exploration. Pathologic review 
of the -:esected specimen revealed a moderately well- 
differentisted adenocarcinoma of the distal common bile duct 
with four Deripancreatic lymph nodes positive for metastatic ad- 
enocarcinama. 

The patient received postoperative adjuvant radiation ther- 
apy and fluorouracil chemotherapy. She did well for 17 
months, hen developed lower-extremity edema, nonmalig- 
nant ascies, and Serratia pneumonia. died 18 months 
after the >peration. 


COMMENT 


This patient had two separate problems that warrant 
discussicn: situs inversus totalis and adenocarcinoma of 
the dista. common bile duct. 
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Fig 1.—Dextrocardia “sible on admission chest roenteencerant 





Fig 2,—Abcominal c..nputed tomographic scan. 1 indicates di- 
lated pancreatic ducz 2, superior mesenteric vein; 3, superior 
mesenteric artery; 4, aorta; 5, mass; 6, dilated distal common 
bile duct in front of vass; 7, gallbladder; and 8, dilated intrahe- 
patic common bile dt. 


Situs Inversus 


Left-to-right trar=position of the normally asymmetrical 
organs of the body is termed situs inversus viscerum. The 
opposite, normal cecdition is termed situs solitus. Situs in- 
versus may be total sr partial, complicated or simple. 

In the total form. the heart lies to the right of the mid- 
line, with complete reversal of its chambers. The aorta 
turns to the right. The left lung is divided into three lobes, 
and the right lung -has only two lobes. In the abdomen, 
the liver and stomach are reversed, and the gallbladder 
lies to the “eft of th- midline. The spleen and pancreas lie 
to the right. The clonic flexures are reversed. 

In partial situs irversus, the inversion may be limited 
to the thoracic org: 1s or to the cardiac chambers. There 
are three well-kno-n associated embryonic defects in- 
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Fig 3. —Encoscopic retrograde cholangiosancreatography demon- 
strating dilated common bile duct. 
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Fig 4.— Diagram of the biopsy specimen, showing the distal com- 
mon hepatic duct, the gallbladder and cystic duct, the common bile 
duct and tumor, the proximal aspect of the pancreas, the distal as- 
pect of the stomach, and the duodenum 


volving tctal or partial situs inversus: Kartagener’s syn- 
drome (familial) involves situs inversus tota_is with symp- 
toms of bronchiectasis and chronic sinusitis; asplenia 
syndrome involves situs inversus partialis with symp- 
toms of severe cardiac defects; and polysplenia syndrome 
involves situs inversus partialis with symptpms.oF Foe 
cardiac defects. ca 

A patient with situs inversus totalis should have iden- 
tizally functioning organ systems as patients. with situs 
solitus. and, therefore, characteristics ofilégions'shéuld be 
the same es a comparable normal petient. ‘In this patient, 
the inversion seems to have been silent for’63.yedrs:and 
had the adenocarcinoma not manifested itself, „she most 
likely would have liveg a normal, Fealthy life. 
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Adenocarcinoma of the Distal Common Bile Duct 

The adenocarcinoma in our patient was a primary can- 
cer of the lower common bile duct not originating from the 
duodenum, the papilla of Vater, the gallbladder, or the 
liver. There was no extension of the lesion either from the 
adjacent lymph nodes with metastatic disease or to the 
common bile duct distal to the insertion of the cystic duct. 

Blumgart,° in agreement with Klatskin,* van Heerden et 
al,’ and Weinbren and Mutum,’ classified the malignancy 
of the bile duct in three locations: the upper third, involv- 
ing the common hepatic and hepatic ducts; the middle 
third, involving the common bile duct between the cystic 
and upper part of the duodenum; and the lower third, 
involving the area between the upper border of the duo- 
denum and the papilla of Vater. 

The common bile duct is divided anatomically into four 
portions: supraduodenal, retroduodenal, pancreatic, and 
intramural.’ In our case, the last three segments of the 
common bile duct were involved. Part of the supraduo- 
denal portion may also have been involved, but we can- 
not-be certain since the local anatomy was distorted due 

to the cancer. 

_ The three types of adenocarcinoma of the bile ducts in- 
clude papillary, nodular, and diffuse. As reported by 
Weinbren and Mutum,’ the papillary type is multiple and 
more common at the distal common bile duct. The mid- 
dle and upper ducts are hosts of the nodular type. In the 
diffuse type, the wall of the ducts is thickened, and the 
thickness occupies a great part of the wall. 

According to Weinbren,” the malignant tumors of the 
distal 2 cm of the common bile duct are masses of papil- 
lary adenocarcinomas that are friable and pink or grayish- 
white. Alexander et al’ reported that lesions of the distal 
common-bile duct are fewer in number (13%) than tumors 
in the proximal bile ducts. Soreide et al? agreed, report- 
ing 94 cases with 15 distal malignant lesions. 

We know very little of the etiology of carcinoma of the 
bile ducts, although Yeo et al” presented some plausible 
theories. From time to time, there have been reports of 
several associated conditions, perhaps as a link with ad- 
ehocarcinoma of the bile ducts. Hou” and Lin” have re- 
ported associations with parasitic infections, such as 
Clonorchis sinensis or Opisthorchis. Welton et al" reported 
the association of typhoid carriers with adenocarcinoma. 

Blumgart et al” reported gallstones existing concur- 
rently with adenocarcinoma. Ross et al? and Roberts- 
Thompson et al? found associative ulcerative colitis. 
Irwin and Morison” reported malignant degeneration of 
a choledochal cyst and adenocarcinoma. Sell and Duns- 
ford”! believe that hepatocarcinogens may influence liver 
stem cells. Thompsen et al” reported sclerosing cholan- 
gitis in association with adenocarcinoma. 

Several authors have reported associations of adeno- 
carcinoma with drugs. Lowenfels and Norman” reported 
the association of cancer with isoniazid. The presence of 
adenocarcinoma and methyldopa was noted by Broden 
and Bengtson.” In addition, Yen et al” reported an asso- 
ciation between oral contraceptive use and the incidence 
of adenocarcinoma. 

We believe that the presence of situs inversus with bile 
duct carcinoma in our patient was a coincidental phe- 
nomenon. A few other cases have been reported in the 
literature of concurrent situs inversus and bile duct carci- 
noma. In 1989, Kim et al® reported hepatocellular and 
stomach carcinoma in a 66-year-old woman with situs in- 
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versus. Cimilar cases were reported by Wada et al” and 
Kanemazsu et al.” Renal cell carcinoma and situs inversus 
totalis w2re reported by Bertini and Boileau.” Transverse 
colon carcinoma and situs inversus were noted by 
Yoshida æt al,” as was carcinoma of the head of the pan- 
creas with situs inversus viscerum totalis by Sakaguchi et 
al.” Talerman,* Abdel-Dayem et al,* and Ibrahim et al* 
reported cases of embryonal ovarian carcinoma. 

Detailed preoperative evaluation of the patient is es- 
sential. -omputed tomography, sonography, and arte- 
riographry will help define the strategy to follow in the 
operating room. Knowing whether multiple lymph node 
biopsy specimens are negative or positive will certainly 
assist tha surgeon in making decisions. 

Once the criteria of Child and Frey* for contraindica- 
tions fo? pancreaticoduodenectomy have been applied 
and a tumor is deemed resectable, the treatment of choice 
is surgery, either palliative or radical resection of the area, 
perform2d with a typical Whipple procedure. The site, 
extent, metastasis, age, and general condition of the pa- 
tient sheuld be considered when deciding the extent of 
resection. The Child and Frey contraindications include 
the follcwing: (1) liver metastases or carcinomatous im- 
plants on the hepatic serosa; (2) invasion of the base of the 
colonic mesentery; (3) invasion of the hepatoduodenal 
ligamenz; (4) invasion of the gastroduodenal, hepatic, or 
superior mesenteric arteries; (5) involvement of the porta 
hepatis; (6) metastases to the portal vein; (7) tumor fixa- 
tion of te duodenum and pancreas to underlying struc- 
tures; and (8) metastases to the aorta or vena cava. 

Positive lymph nodes are not a contraindication for 
pancreacicoduodenectomy, and Hermann and Cooper- 
man” believed that localized masses in the head of the 
pancreas should be resected even in the absence of histo- 
logic p:oof of malignancy. They suggested that “the 
smalles- tumors, and perhaps those with the most favor- 
able outcome, may never be resected for lack of histolog- 
ical proof of the diagnosis.”* 

The s.te and proximal extension of the tumor is another 

problem. Most tumors involve the union of the right and 
left hepatic ducts and most likely -extend within the 
hepatic parenchyma. The extension of the tumor to the 
head of the pancreas and peripancreatic tissue should be 
investigated. The index fingers of the surgeon should be 
placed behind the pancreatic neck and should easily sep- 
arate the head of the pancreas and the distal common bile 
duct from the retroperitoneal space, -portal vein, and su- 
perior mesenteric vessels. Under these circumstances, a 
Whipp procedure may be undertaken. Prognosis is poor 
with oz without radiation therapy and chemotherapy. 
Liver transplantation provides very poor results in pa- 
tients with bile duct cancer.” 
-© When operating on a patient with situs inversus tota- 
lis, the surgeon must reposition himself or herself to af- 
ford aGequate access and orientation. The ideal position 
is alweys on the side of the body that contains the 
diseased organ. This repositioning should compensate for 
any op=rative confusion the situs inversus creates, disal- 
lowing, other variations or incidental abnormalities. 
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Clinical Note 


Subcutaneous Emphysema and Hypercarbia Following 
Laparoscopic Cholecystectomy 


Raleigh B. Kent ili, ME 


è The recent development of laparoscopic cholecystec- 
tomy has introduced the technique of laparoscopy to the 
general surgical community. As increasing numbers of lap- 
aroscopic cholecystectomies are performed, increasing 
numbers of complications directly related to laparoscopy 
‘ will result. A case of subcutaneous emphysema and hyper- 
carbia without pneumothorax is reported in a patient 
undergoing laparoscopic cholecystectomy. Etiology, evalu- 
ation, and therapy for subcutaneous emphysema associated 
with laparoscopy are reviewed. 
(Arch Surg. 1991;126:1154-1156) 


T he recent development of laparoscopic cholecystec- 

tomy with its subsequent explosive growth has in- 
troduced the technique of laparoscopy to the general sur- 
gical community. As increasing numbers of laparoscopic 
cholecystectomies are performed, surgeons are likely to 
see complications with the procedure, some not associ- 
ated with open cholecystectomy, but rather a specific re- 
sult of laparoscopy itself. Although well aware of the var- 
ious complications of open cholecystectomy, surgeons are 


perhaps less familiar with those potential complications of — 


laparoscopy. A case of subcutaneous emphysema and 
hypercarbia without pneumothorax is reported in a pa- 
tient undergoing laparoscopic cholecystectomy. 


REPORT OF A CASE 


A 61-year-old woman with cholelithiasis, documented on ul- 
trasound study, and symptoms compatible with chronic chole- 
cystitis, underwent a laparoscopic cholecystectomy. Following 
induction of general endotracheal anesthesia using thiopental 
(Pentothal), fentanyl, and isoflurane (Forane), an infraumbilical 
incision was made. Using the open technique, a blunt-tipped 
trocar was placed into the peritoneal cavity under direct visual- 
ization without difficulty. After insufflating the abdominal cav- 
ity with carbon dioxide (CO,), three disposable 5-mm trocars and 
one 10-mm trocar were placed through the anterior abdominal 
wall under video control. The procedure proceeded in a routine, 
uncomplicated manner until just before dissection of the final 
attachments between the gallbladder and the liver. The patient 
was then noted tc have subcutaneous air involving the face and 
chest, with subsequent extension to both legs. The maximum 
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intra-abdominal pressure recorded by the insufflater monitor 
was 20 mm Hg, but end-tidal CO, rose to 69 mm Hg. The patient 
remained hemodynamically stable and there was no increase in 
inspiratory pressure. Bilateral breath sounds were present and 
inspection of the diaphragm laparoscopicaily revealed it to be 
intact. All trocars were in place and functioning normally, 
although a few gas bubbles were noted escaping around the 
Hasson trocar. The dissection of the gallbladder was temporarily 
halted, amd the abdominal cavity was deflated of CO,. Chest 
roentgencgraphy on the operating table showed extensive sub- 
cutaneous emphysema without evidence of a pneumothorax, 
and the endotracheal tube was in its normal and correct position. 
Arterial b.ood gas values were as follows: Po, 313 mm Hg; Pco, 
104 mm Hg; pH, 7.06; and oxygen saturation, 98%. The patient 


underweat hyperventilation, the abdominal cavity was reinsuf- 


flated witn minimal amounts of CO, to visualize the gallbladder, 
and the operation was expeditiously completed without further 
complication. Subsequent arterial blood gas values in the oper- 
ating room showed improvement as follows: Po2, 421 mm Hg; 
Pco, 75 num Hg; and pH, 7.16. After the patient was transferred 
to the recovery room, the subcutaneous emphysema dissipated 
rapidly and arterial blood gas values returned to normal. The 
patient had an otherwise uneventful recovery and was dis- 
charged from the hospital the following day. 


COMMENT 


As laparoscopic cholecystectomy becomes the standard 
therapy for chronic symptomatic cholecystitis and as 
intra-abdominal operations are adapted for laparoscopic 
techniqres, complications specific to laparoscopy will be 
seen more frequently. One such complication is subcuta- 
neous enphysema. Once subcutaneous emphysema is 
detected, immediate evaluation and therapy is necessary, 
especially if a pneumothorax is present, for this is poten- 
tially a l-fe-threatening condition. Subcutaneous emphy- 
sema mzy result from endotracheal anesthesia or positive 
pressure ventilation from the induced pneumoperito- 
neum recessary to perform laparoscopic procedures. 
Subcutaneous emphysema is a well-known complication 
of endotracheal intubation, and is usually associated with 
lung abnormalities, such as congenital or acquired blebs, 
or from use of exceedingly high induced inspiratory 
pressures, resulting in a pneumothorax.' However, sub- 
cutaneois emphysema may also develop from the in- 
duced CO, pneumoperitoneum necessary to perform 
laparoscopic procedures. Dissection of the insufflated 
CO, from the peritoneal cavity to the subcutaneous tissue 
may ocaur either via a defect in the diaphragm, resulting 
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in a potentially life-threateming pneumothorax, or under 
a pressure head, escaping “rom the peritoneal cavity via 
a trocar site to a tract along subcutaneous tissue planes. 

The mechanism of passage of gas from the peritoneal 
cavity to the pleural cavity through what appears to be an 
intact diaphragm 5 unclear. Cases have been reported in 
which either air or-fluid has passed from the peritoneal to 
the pleural cavity through diaphragmatic defects, pro- 
ducing either pneimothorax or hydrothorax.* Pneumo- 
thorax following >neumoperitoneum for lung collapse 
therapy,*"’ catam2nial pneumothorax (recurring pneu- 
mothorax associated with menstruation),’*"* hydrothorax 
complicating ascitzs,"°"° and hydrothorax following peri- 
toneal dialysis”! are some of the situations in which air 
or fluid apparenty passes from the peritoneal to the 
pleural cavity. Wkatever tke exact mechanism, CO, evi- 
dently may dissec through what appears to be an other- 
wise intact diaphragm, resalting in tension pneumotho- 
rax. Subcutaneous and mediastinal emphysema with 
either unilateral” or bilateral pneumothorax***” have 
been reported sporadically in the laparoscopic literature. 
Known ciaphragraatic defects that would predispose to 
pneumothorax arz a cont-aindication for laparoscopic 
techniques. Previously urknown defects in the dia- 
phragm may become apparent with the development of 
pneumothorax orce the pneumoperitoneum is estab- 
lished. For example, as leparoscopy is expanded and 
adopted for the evaluatior. of intra-abdominal trauma, 
respiratory compsxomise with pneumothorax following 
induction of pnetmoperiteneum suggests a diaphrag- 
matic injury. 

Patients presen-ing with subcutaneous emphysema 
without pneumotiorax ducing laparoscopy most likely 
have had CO, either inadvertently insufflated directly into 
the subcutaneous tissue during the initial needle punc- 
ture or dissected into the subcutaneous tissue through a 
trocar site afier successful establishment of pneumoperi- 
toneum. In cases wing the closed-needle technique, sub- 
cutaneous air has Leen doccmented from improper initial 
placement of the needle ir the subcutaneous space.*” 
Since this technique is not employed at my institution, 
this specific compKcation has not occurred in‘ my experi- 
ence. Using the open techrique, the peritoneal cavity is 
directly visualized beore iritiation of instillation of CO). 
However, even wih this technique, improper placement 
or partial withdrawal of the primary periumbilical trocar 
with resultant insufflation of CO, into the subcutaneous 
space may result. Also, too large of a fascial incision will 
result in escape of gas from the peritoneal cavity around 
the trocar into the subcutareous space. In this particular 
case, some gas bubbles were noticed around the base of 
the blunt-tipped feriumbilcal trocar, and probably the 
subcutaneous emphysema resulted from a leak at the pe- 
riumbilical incisioa trocar site. The secondary trocars, 
placed through the abdominal wall under video control, 
may also De the source of th2 gas leak into the subcutane- 
ous tissue. Inadvertent partial withdrawal of the trocar 
from the abdomine] wall may result as instruments such 
as graspers, scisso-s, and clp appliers are removed from 
the peritoneal cavity during the procedure. Many dispos- 


able trocars have a corkscre wlike outer coating that min- 


imizes, but does rot elimirate, this problem. Excessive 
movement, rotation, and angulation of the trocar from the 
original plane of ite insertion also will cause gas to escape 
from the pneumoperitoneur.. Initial placement of trocars 
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through the abdominal wall should be performed ‘in an 
angled plane that minimizes movement of the trocar once 
instruments are introduced. Ano-her underlying factor 
that increases the risk of subcutaneous emphysema is a 
high, induced, intra-abdominal vressure. Ideally, the 
intra-abdominal pressure should be maintained in the 
range of 10 to 20 mm Hg. Excessively high pressures may 
predispose to the development of subcutaneous emphy- 
sema by creating an excessive pressure head, exacerbat- 
ing the potential for dissection of CO, out of the peritoneal 
cavity. Careful attention to the level of intra-abdominal 
pressure is imperative. Most laparoscopic surgeons use 
automatic controlled CO, insufflators with pressure 
gauges designed to regulate CO, insufflation. Flow rates 
and pressure limits are set and insufflation of CO, stops 
when intra-abdominal pressure reaches the level desired 
and resumes when the pressure decreases below this 
level. However, these instruments are not infallible since 
a defective pressure gauge indicator on a CO, insufflator 
has been reported to underrecord the actual intra- 
abdominal pressure and continue to insufflate CO, to un- 
desirably high pressures.” 

The presence of subcutaneous emphysema requires 
immediate attention to the patient s respiratory status to 
note whether pneumothorax is present. Hypotension, el- 
evation of inspiratory pressures. and loss of breath 
sounds suggest tension pneumothorax. If suspected, the 
abdominal cavity should immediately be deflated of CO, 
and neecle thoracostomy should b2 performed, followed 
by tube thoracostomy. If the patient’s condition is unsta- 
ble, documentation of the tension pneumothorax with 
chest roentgenography before needle thoracostomy is not 
necessary. However, if the patiert’s condition is stable 
with no obvious respiratory compromise, the abdominal 
cavity likewise should be deflated and chest roentgenog- 
raphy performed. A quick look at the diaphragm via the 
laparoscope may indicate a diaphragmatic defect. If no 
pneumothorax is present, the cause most likely is subcu- 
taneous dissection of CO, via a trocar site from the 
induced pneumoperitoneum. Arte-ial blood gas monitor- 
ing will document hypercarbia resulting from hypoventi- 
lation in patients with tension pneumothorax and/or ab- 
sorpsion of the instilled CO, from the subcutaneous 
space. Despite otherwise adequate ventilation, the com- 
bination of the high diffusion coefficient of CO,, the pres- 
sure head required to create an adequate pneumoperito- 
neum, and the large surface area of the subcutaneous 
space leads to hypercarbia and acidosis. Once the hyper- 
carbia is recognized, the pneumcperitoneum relieved, 
and hyperventilation instituted, the hypercarbia and ac- 
idosis are corrected. The gas'of the subcutaneous emphy- 
sema is almost entirely CO, and dissipates rapidly, com- 
pared with the routine nonlaparoscopic pneumothorax, 
which contains higher contents of less diffusable gases 
such as nitrogen. 

In summary, subcutaneous emphysema is a complica- 
tion of the pneumoperitoneum necessary to perform lap- 
aroscopy and will be seen more often as laparoscopic 
techniques are adapted and appliec to a growing number 
of intra-abdominal procedures. Immediate recognition, 
evaluation, and treatment is necessary since this can be a 
life-threatening complication. Tension pneumothorax 
should be ruled out and, if present, treated with a needle 
thoracostomy initially and tube thoracostomy subse- 
quently. If no pneumothorax is present, most likely there 
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has been insufflation of CO, directly into the subcutane- 
ous space with the initial needle stick, or a gas leak adja- 
cent to the trocar site has developed. The dissection of the 
highly diffusable CO, into the large subcutaneous space 
manifests itself on arterial blood gas analysis as hypercar- 
bia and acidosis. Prompt treatment with hyperventilation 
and elimination of the pneumoperitoneum rapidly re- 
verses the metabolic and physical manifestations of the 
CO, subcutaneous emphysema. 
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Clinical Note 


Efferent Limb Obstruction After Pancreaticojejunostomy 


A. Late Cause of Pancreatitis Following Whipple Resection 


John M. Howard, MD 


è A previcusly unredorted lat2 complication after Whipple 
resection cf the heac of the pancreas was recognized in two 
patients. Cbstructio1 by adhesions and kinking of the effer- 
ent jejunal conduit between the proximal pancreaticoje- 
junostomy and the castal choledochojejunostomy led to re- 
petitive episodes of acute pzncreatitis without jaundice. 
Operative recognition and correction of the obstruction 
resulted in preventien of further attacks. 
(Arch Surg. 1991;126:1157-1159) 


A loop obs-ruction of the jejunum following Bill- 

roth I gastrecəmy is recognized cause of acute 
pancreatitis.’ By oca:rring downstream from the ampulla 
of Vater, the obstru=ticn leads to afferent loop distention 
and a presmed inc~ease in intraluminal pressure in both 
biliary and pancreetic ducts. The resulting hyperamy- 
lasemia and hypervilirubinemia are now being recog- 
nized with increasimz facility. 

I observed two patients within the past decade who, 
following Whipple tesection for benign pancreatic dis- 
ease, were repeated hospitzelized with an acute abdom- 
inal syndrome mamifested in epigastric pain, nausea, 
vomiting, and, characteristically, elevated serum amylase 
and lipdse levels. The serum bilirubin levels remained 
normal. Etiology of the recurrent pancreatitis was unre- 
vealing and it was inferred that an anastomotic stricture 
had developed betw2en the pancreas and the jejunum, 
resulting in intermittent manifestations of pancreatic 
ductal obstruction and recurrent pancreatitis. In each in- 
stance, however, laparotomy revealed a fully patent 
anastomosis of the pancreas to the jejunum. In each 
instance, there was a partial obstruction of the efferent 


jejunal limo, ie, the jejinal segment that had been used 


as a conduit downstream from the pancreaticojejunos- 
tomy. The obstruction was fcund immediately proximal 
to the choledochojefunostom,y. Appropriate relief of the 
obstruction has resulted in relief of the abdominal pain 
and, to date, appea-s to have interrupted the recurrent 
attacks of pancreatits. 


Accepted for publicaton June 5 1991. 

From the Department=f Surgery, The Toledo (Ohio) Hospital and 
The Medical College of Orio, Toledo. 

Reprint requests to Te Harris McIntosh Towers, 2121 Hughes 
Dr, Toledo, OH 43606 (Zr Howard). 
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REPORT OF CASES 


Case 1.—A 24-year-old man was hospitalized in 1981 with se- 
vere abdominal pain. His medical history showed only one ep- 
isode of severe upper abdominal pain 1 year previously. On ad- 
mission, a ender epigastric mass was palpable, and computed 
tomography revealed a well-defined mass in the head of the 
pancreas. The mass was 10 x 10 cm, stretching the duodenum in 
its first, second, and third portions. The nature of the disease 
was not recognized either before or during laparotomy, and 
Whipple resection, along with cholecystectomy, was performed. 
The final diagnosis was old organized hematoma, combined 
with a more recent hematoma within a preformed pseudocyst. 
Disease of the gallbladder was not noted. 

Following standard resection of the head of the pancreas, re- 
pair was performed by end-to-end anastomosis between the 
transected pancreas and the jejunal limb. Downstream and end- 
to-side cho:edochojejunostomy was performed over a T tube, 
and end-to-side gastrojejunostomy was performed. A retrocolic 
jejunal limb was used for reconstruction. 

The patient’s convalescence was uneventful. No etiologic fac- 
tor could be identified as predisposing to pancreatitis. 

Thereafter, he experienced recurrent attacks of acute upper 
abdominal pain at intervals of approximately 3 months. Each at- 
tack lasted for approximately 1 week, usually requiring hospi- 
talization fcr intravenous fluid therapy. On each occasion, his 
serum amylase and lipase levels rose and remained elevated for 
several days. Results of his hepatic function tests remained nor- 
mal. Between attacks, the serum enzyme levels were normal and 
he was asymptomatic, his work schedule being interrupted only 
by the attacks of pancreatitis. 

Recurrences continued for approximately 3 years. Repeated 
computed tomography of the abdomen demonstrated no evi- 
dence of en.argement of the pancreatic duct, chronic pancreati- 
tis, or pseudocyst. He did not show any symptoms of jaundice. 
Endoscopic retrograde cholangiopancreatography was at- 
tempted but could not technically be achieved because of the 
previous operative reconstruction. 

In view cf the recurrent attacks, elective reexploration was 
performed in 1984. At the second operation, the pancreas 
appeared to be normal except for one small nodular area near the 
anastomosis. The jejunal segment between the pancreaticoje- 
junostomy and the choledochojejunostomy was wrapped 
around the common duct so as to give a partial obstruction and 
dilatation of the jejunal limb proximal to the choledochojejunos- 
tomy (Fig 1). Because it was feared that the obstruction of the je- 
junum was not the entire explanation, the pancreaticojejunos- 
tomy was taken down. The anastomosis appeared to be normal 
and pancreatography revealed no evidence of stricture, dilata- 
tion, pseudocyst, or calcification. Nevertheless, a 3-cm area of 


the remaining part of the pancreas adjacent to the original line 
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Fig 1.— Obstruction of the jejunal limb dcwnstream from the pan- 
creaticojejunostomy required lysis of adh2sions. The pancreatico- 
jejunostomy was reexplored. The jejunal conduit was lengthened 
by isolation of a second distal jejunal segment and its insertion be- 
tween the pancreas and the original conduit. 


of transection was resected. On histologic examination, the re- 
sected specimen revealed minimal fibrosis. 

After dissection of the jejunum between the pancreaticoje- 
junostomy and the choledochojejunostomy and resection of an 
additional part of the pancreas, achievement of a tension-free 
anastomosis between the original jejunal segment and the end 
of the pancreas was not practical. Instead, a 10-cm segment of 
jejunum distal to the gestrojejunostomy was isolated along with 
its mesentery, and continuity of the remaining bowel was 
restored with end-to-end jejunojejunostomy. The proximal end 
of the isolated segment was anastomosed end-to-end to the 


pancreas. The distal end of the new jejunal conduit was then | 


anastomosed end-to-end to the old jejunal segment. Meanwhile, 
the jejunum was freed at me choledochojejunostomy and its ob- 
struction released. 

The patient’s an vsieseenne was uneventful. He has remained 
well with no episode of acute abdominal pain. 


Case 2.—A 50-year-old white woman was hospitalized seven 
times for recurrent pancreatitis. She had a history of excessive 
use of alcohol. Her upper gastrointestinal roentgenographic se- 
ries was normal. Computed tomography and endoscopic retro- 
grade cholangiopancreatography revealed multiple areas of 
cavitation within the head of the pancreas. The pancreatic duct 
measured 6 mm in diameter in the body and tail of the gland. 
Pancreatic calcification was noted, and steady pain led to explo- 
ration. Laparotomy in 1985 showed the pancreas to be firm 
throughout. The liver and gallbladder appeared to be normal. 
Standard Whipple resection without cholecystectomy was per- 
formed. The transected end of the jejunum was brought retro- 
colic at the level of the ligament of Treitz. The pancreatic duct 
was anastomosed to the jejunum (end-to-side),; and end-to-side 
choledochojejunostomy and gastrojejunostomy were per- 
formed. Both the pancreatic and the tiliary anastomoses were 
made over temporary inlying catheters. Convalescence was 
normal. 

She was readmitted 2 months after operation with melena and 
hematemesis. The bleeding stopped spontaneously, and gas- 
troscopy and colonoscopy showed normal findings. 

During the following 2 years, the patient experienced numer- 
ous episodes of acute abdominal pain. The pain was colicky and 
was associated with nausea and vomiting. A diagnosis of partial 
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Fig 2.— Case 2. Findings similar to those seen in the first patient were 
recognized, permitting a simple jejunojejunal bypass of the ob- 
structior 


intestinal obstruction was suggested clinically, but results of all 
gastroin-estinal barium studies, including repeated small intes- 
tinal and colonic studies, were negative. Her serum amylase 
level was elevated on three occasions. Partial intestinal obstruc- 
tion wit. recurrent pancreatitis was the clinical diagnosis, but it 

could never be proved radiologically. She continued to use alco- 
hol in moderation. 

In 19€7, approximately 2 years after the initial operation, ex- 
ploratory laparotomy was electively performed. The residual 
part of -he pancreas appeared to be unchanged. The gastroje- 
junostomy and the pancreaticojejunostomy appeared to be nor- 
mal. In tracing the jejunum from the pancreaticojejunostomy 
distally, it was found to be adherent to the inferior surface of the 
right lobe of the liver. The adhesion was densely fibrotic. There 
was an abrupt deviation of the jejunal limb between this adhe- 
sion ana the choledochojejunostomy (Fig 2). The jejunum was 
dilated and hypertrophied proximal to the adhesion and was 
normal distally. Dissection of the jejunal limb from the liver was 
difficult For fear of destroying the viability of the jejunal limb, 
dissection was discontinued, and side-to-side jejunojejunos- 
tomy was performed proximal and distal to the choledochoje- 
junostony: Thus, the proximal limb between. the pancreas and 
common duct was anastomosed to the distal limb between the 
common duct and the stomach. Convalescence was uneventful. 
The paient has remained free of pain, nausea, vomiting, and 
hyperamylasemia for the ensuing 4 years. 


COMMENT 


Acu e recurrent abdominal pain following resection of 
the head of the pancreas for inflammatory disease is usu- 
ally die to a recurrence of the original disease process. In 
the tw> young patients described above, the recurrent at- 
tacks appeared to be a late complication of the recon- 
struction, resulting from obstruction of the jejunal limb 
betwe=n its pancreatic and choledochal anastomoses. The 
diagnosis was not achieved endoscopically or roentgeno- 
graph-rally. Retrospectively, dilatation of the obstructed 
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segment of intestm2 may perhaps be visible on one or 
more of the comptted tomographic studies, but could not 
be defined amid -he segments of small intestine made 
prominent by the < ssaciated ileus. Injection of barium via 
intubation of the proximal limb of the gastrojejunostomy 
might have outlin=d the obstructed jejunal segment had 
the diagnosis bæn recognized. Today, continued 
progress in fibros<=pic endoscopy might permit visual- 
ization of che intes inal obstruction, but the Billroth I type 
of reconstruction would stil make visualization of the 
proximal jejunal cr.duit and the related ductal systems 
difficult. 

The absence of =»mptoms.in patient 1 for 7 years after 
the second operaf_cn recontirms the significance of the 
operative findings The shozter follow-up since the sec- 
ond operation in æ=tient 2 carries less prognostic assur- 
ance, but the isolaed dilatacion and hypertrophy of the 
involved jejunal s-zment left little doubt as to its signif- 
icance. In retrospe-t. there is no assurance that the com- 
plication would have been prevented by shortening or 
lengthening the je -nal segment between the pancreatic 
and choledochal az.zstomoses at the initial operation. 


In the two patients described herein, the diagnosis of 
recurrent pancreatitis seemed conclusive. Since both 
patients had preexisting pancreatic disease, one cannot 
be absolutely certain of the iatrogenic cause of the 
subsequent attacks of pancreatitis, but the operative 


findings of intestinal obstruction and dilatation and the 


benign clinical course subsequent to reoperation 
strongly support an etiologic relationship. Although 
the two patients constituted 7% of our series of pa- 
tients who underwent Whipple resection for chronic 
pancreatitis,” its previous report has not been identified 
in the literature, leading to the conclusion that pancre- 
atitis secondary to obstruction of the efferent jejunal 
kmb of the pancreaticojejunostomy following pancreat- 
icoduodenal resection must be rare. 


References 


1. Dahlgren S. The Afferent Loop Syndrome. Stockholm, 
Sweden: Almqvist & Wiksell International; 1964. 

2. Howerd JM, Zhang Z. Pancreaticoduodenectomy (Whip- 
cle resection) in the treatment of chronic pancreatitis. World J 
Surg. 1990:14:77-82. 


In Other AMA Journals 





ARCHIVES OF NEUROLOGY 


Estimzted Prevalence of Dementia Among Elderly Black and 


White Community Residents 


Albert Heyman, MD; Gerda Fillenbaum, PhD; Bea Prosnitz; 
Kate Eaiford, MSW; Bruce Burchett, PhD; Chris Clark, MD 


A stratified random sample of 83 black and 81 white community residents aged 
65 years and older in a five-county area in the Piedmont region of North Carolina 
was evaluated for dementia, using the Diagnostic and Statistical Manual of Mental 
Disorders, Third Edition, and the National] Institute of Neurological Disorders and 
Stroke-Alzheimer’s Disease and Related D:sorders Association criteria. Of 164 
subjects, 26 were found to be demented, resulting in an estimated prevalence rate 
of dem=ntia in the five-county area of 16% (95% confidence interval, 7.92 to 24.08) 
for blacks and 3.05% (95% confidence intervel, 0 to 6.91) for whites. The estimated 
prevalence of dementia for white women (2.9%) was similar to that for white men 
(3.3%), but the rate for black women was distinctly higher than for black men 
(19.9% and 8.9%, respectively). Blacks were nore likely than whites to have a his- 
tory of stroke, hypertension, and other chronic disorders that might have contrib- 
uted to the development of dementia. Apart from differences in rates of 
institutionalization, no other relevant factors were identified that might explain the 
differemce in the prevalence of dementia in these black and white community res- 


idents. (Arch Neurol. 1991;48:594-598). 


Reprimt requests to Duke University Medical Center. Box 3203, Durham, NC 27710 (Dr Heyman). 
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Surgical Laparoscopy 


Edited by-Karl A. Zucker, 359 pp with 
color and black-and-white illus, $100, St 
Louis, Mo, Quality Medical Publishing 
Inc, 1991. 

The explosive growth of laparo- 
scopic technology during the past 
several years has created the need 
for a new standard reference di- 
rected at the general surgeon. 
Zucker’s multiauthored book is a 
strong choice with its lucid writing 
and extensive illustrations. More- 
over, its 22 contributors bring a 
wealth of experience gained from 
their participation in the early de- 
velopment and promotion of this 
new discipline. 

The book is composed of 17 chap- 
ters and arranged in two sections: 
fundamentals and clinical applica- 
tions. In the first section, the chapters 
on the history of laparoscopy, the an- 
esthesia used in laparoscopic proce- 
dures, and laparoscopic and thermal 
instruments and equipment are inter- 
esting and informative. However, 
the theoretical aspects of lasers and 
electrocoagulation are discussed in 
considerably more depth than will be 
required by most readers. 

In the second section, clinical ap- 
plications ranging from routine to ex- 
perimental are discussed. Laparo- 
scopic biliary procedures under- 
standably receive the greatest 
attention. The three chapters on this 
topic are eminently readable and pro- 
vide a balanced view of current lap- 
aroscopic methods from several dif- 
ferent perspectives. Importantly, 
sufficient technical detail is provided 
to ensure that much of this informa- 
tion will ultimately be used in the op- 
erating room. On the other hand, one 
of the longest chapters is primarily 
concerned with nonoperative treat- 
ment options. While well written, it 
seems largely irrelevant given the 
laparoscopic focus of the book. 

Additional chapters are devoted to 
the use of the laparoscope for the di- 
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agnosis and staging of cancer, as well 
as for appendectomy, vagotomy, 
lymphadenectomy, intestinal sur- 
gery, and inguinal herniorthaphy. 
Thorough discussions of laparo- 
scopic technique are combined in 
each chapter with well-referenced 
reviews of outcome statisfics ab- 
stracted from available clinical re- 
ports: Certainly, much of these data 
are preliminary and all of them are 
uncontrolled. Nonetheless, zhe use 
of these data provides the reader 
with some sense of the potential for 
success that each laparoscopic pro- 
cedure may have. Only in tre chap- 
ter on hernia repair is extensive space 
allotted to the description oi an on- 
going animal study, a seeming in- 
congruity in this clinical tex: that is 
likely to become unnecessary in fu- 
ture editions. 

The chapter on complicaticns is an 
especially important. elemen: of this 
book. The author extracts relevant 
information from the large zyneco- 
logical literature on the subject but, 
more particularly, emphasizes the 
problems that may occur dur_ng gen- 
eral surgical procedures; laparo- 
scopic cholecystectomy is again 
showcased. 

In summary, this book represents 
a timely and important contribution 
to the field of laparoscopic surgery. 
As a comprehensive surver of the 
technical and conceptual aspects of 
laparoscopy, it should be most help- 
ful to general surgeons who are con- 
templating the use of the laparo- 


‘scope, but it will also be useful to 


those who have already introduced 
laparoscopy into their practice. It is 
an appropriate book for surgical li- 
braries; house officers are ikely to 
find it valuable as a concise, but rel- 
atively comprehensive reference. 
Nonetheless, the underlying tech- 
nology is changing rapidly and fre- 
quent updates, supplements, or re- 
visions will be necessary if this 
endeavor is to stand the test of time. 
Wayne H. ScHwesincer, MD 
San Antonio, Tex 


Mediastinal Surgery 


Edited by T. W. Shields, 400 pp with 342 
illus, $85, Philadelphia, Pa, Lea & Fe- 
biger, 1991. | 

Noncardiac surgery of the medi- 
astinum involves some of the most 
interesting entities encountered in 
thoracic surgery. Performed with 
less frequency than pulmonary and 
cardiac procedures, mediastinal op- 
erations require careful preparation 
in choice and interpretation of di- 
agnostic studies and operative ap- 
proach, and are welcome chal- 
lenges for cardiac surgeons whose 
daily task is usually less varied. Al- 
though standard textbooks on car- 
diothoracic surgery contain sections 
on the mediastinum and references 
on mediastinal pathology, Shields’ 
book, Mediastinal Surgery, is argu- 
ably the most detailed and 
thoughtful compilation to date. 
Shields not only served as collator 
and organizer of this material, he 
wrote or co-authored 17 of the 44 
chapters. As a result, a consistency 
in format characterizes and en- 
hances the work. Although the 36 
contributors are derived from 
among the most experienced tho- 
racic surgeons in North America, 
there are notable contributions 
from. radiologists, internists, oncol- 
ogists, immunologists, and pathol- 
ogists, so that the book is multidis- 


ciplinary in its scope, though dis- 


tinctly surgical in its perspective. 
Shields begins by redefining the 
traditional compartments of the 
mediastinum, reducing them from 
the usual four to a more pragmatic 
three. The logic of this reorganiza- 
tion is apparent, radiographically 
and embryologically, in the open- 
ing chapters on normal anatomy 
and in the second and third sec- 
tions, which include noninvasive 
and invasive diagnostic investiga- 
tions. The chapters on noninvasive 
procedures contain excellent prac- 
tial comparisons of the types of in- 


Books/Correspondence 


re 


ey 3 
£ 


formation offered by computed to- 
mographic scanning and magnetic 
resonance imagins, with comments 
on the relative us=fulness and cost 
of these procedures. The book is 
printed using illustrations repro- 
duced by conrentional 
graphic techniques rather than 
computer scannirg, and the illus- 
trations are of excellent clarity. 
Useful ir.formation is contained in 
a chapter on racionuclide studies 
and there is a detailed chapter on 
mediastinal tumer markers that 
may give diplopia to anyone not 
possessing advarced training in 
immunology or oncclogy. The sec- 
tions on invasive diagnostic proce- 
dures are presenzed by four sur- 
geons who ave extensive 
experience and contrasting view- 
points and are the most detailed 
and helpful that I have encoun- 
tered, although I could rot help 


photo- 


Books 


| noting that Shields includes as an 


illustration in the section on ante- 
rior cervical mediastinotomy, the 
use of the Lebsche knife—hardly 
au courant text. The chapters that 
are devoted to primary tumors of 
the mediastinum will receive great- 
est attention. As is the case with all 
others, these are well organized, 
appropriately illustrated, and 
clearly directed at the practical 
problems of treating these patients. 
Each is supported by an extensive 
bibliography, in many cases citing 
references less than 6 months old. 
Information regarding current ap- 


` proaches to adjuvant chemother- 


apy and/or radiotherapy are incor- 
porated where appropriate. The 
book concludes with a secfion on 
special operative techniques and, 
as with the section on invasive di- 
agnostic studies, it does nct hesi- 
tate to present contrasting view- 


points, such as the juxtaposed 
chapters on transce-vical thymec- 
tomy by Thomas Kirby and Robert 
Ginsberg and transcervical- 
transsternal “maximal” thymec- 
tomy as championed by Alfred 
Jaretzki. Those using these tech- 
niques will recognize the wealth of 
clinica] experience distilled into 
these terse, well-formulated chap- 
ters. 

In summary, this is a notable con- 
tribution that should find an hon- 
ored place on the shelf of most tho- 
racic surgeons whos2 practice has 
not surrendered completely to myo- 
cardial revascularization procedures. 
If one must criticize something, it 
would be the number of typograph- 
ical errors in the text, perhaps trivial 
criticism for an otherwise truly ex- 
emplary work. 

Lynn H. Harrison, Jr, MD 
Marrero, La 


Correspondence 


Laparoscopic 
Cholecystectcmy: 
Technique More 
Important Than Too! 


To the Editor,—We read wich inter- 
est the commenta-y by Easter and 
Moossa! in the April 1991 issue of 
the ARcHives concerning laser and 
laparoscopic cholecystectomy. We 
agree with their cautionary note re- 
garding the cortrclled rate at 
which new treatments and zechnol- 
ogies should be learned before be- 
ing broadly appled; in -chis in- 
stance, lasers and laparoscopic 
cholecystectomy. However, we 
must take issue with their conclu- 
sion that bile duct injury during 
laparoscopic cholecystectomy can 
be blamed on lasers. The authors 
cite their own experience of having 
reconstructed the Liliary tract in six 
patients for ductal injuries sus- 
tained during laparoscopic chole- 
cystectomy. In five of the patients, 
lasers hac been used. The authors 
commented on the remarkzble ab- 
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sence of tissue between the ends of 
the remaining proximal anc distal 
ducts, suggesting it had been “va- 
porized.” 

In contrast to the experience of 
Easter and Moossa, the majerity of 
patients referred to our institution 
with bile duct injuries sustained dur- 
ing laparoscopic cholecystectomy 
clearly have had the procedure per- 
formed with electrocautery. Tae typ- 
ical injury has been characterized by 
a measurable absenze of ccmmon 
bile duct often extending from the 
supraduodenal common duct to the 
hilum of the liver. We have noticed 
no significant qualitative difference 
in the nature or extent of the injuries 
when comparing the nine injuries 
caused by electrocautery witk. those 
produced by lasers. Without know- 
ing the denominator of prcc2dures 
performed with electrocautery and 
laser in our referral area, we zannot 
comment specifically on the relative 
risks of the two techniques; how- 
ever, our experience clearly does not 
implicate lasers as the primary prob- 
lem. 

The operative appearance ož these 


ductal injuries suggests a gross fail- 
ure to correctly identify the anatomy 
of Calot’s triangle. The angulation 
and tenting of the common duct 
produced by traction during laparo- 
scopic cholecystectomy distorts the 
normal anatomic relationships, 
which may lead to a misperception of 
the length of cystic duct and failure to 
appreciate the position of the com- 
mon hepatic duct. Keview of the 
original operative notes suggests 
that chronic scarring, acute inflam- 
mation, and obesity contribute to 
these difficulties and, therefore, 
must be considered as additional risk 
factors for injury. 

Current evidence is conflicting re- 
garding the relative safety of lasers vs 
electrocautery in laparoscopic chole- 
cystectomy. We continue to prefer 
electrocautery, but believe that the 
tool is much less important than the 
technique. 

WriuiaM J. Scuirmer, MD 
Ricarpo L. Rossi, MD 
Burlington, Mass. 

1. Easter DW, Moossa AR. Laser and 
laparoscopic cholecystectomy: a haz- 
ardous union? Arch Surg. 1991;126:423. 
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Classified Advertising 


All classified. advertising crders, correspondence and payments shoulc be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: £00-237-9851; 813-443-7636. Please do not send classified ads, payments or related corre- |} ‘ 
spondence to the AMA headquarters in Chicago. This causes needless Jelay. 


Inquiries about "BOX NUMBER" advertisements: All replies must ka in writing and must cite the box number in the ad. Example: 
, Clo AOS, P.O. Box 1510, Clearwater, Florida 34617. We aœ not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Surgery. 


Box 











CLASSIFIED INFORMATION 


Regular Classified 1 Time 3 times 

or more” 
Cost per word $1.70 $1.55 
Minimum ad: 20 words per issue 


"In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Closing Date 


The 25th of the second month prior to the issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date. 
Send all a y, correspondence, productior 
aterials an payments to: 


ARCHIVES 


Surgery 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 e 813-443-7666 


Professional Opportunities 


| URGENTLY NEEDED — Semi-retired surgeon, 
board-certified or -eligible needed for night and 
weekend calls. Smaill-town living. Send CV to; P.O. 
Box 21405, Roanoke, VA 24018. 


GENERAL SURGEON: Immediate opening for 
BC/BE general surgeon to join solo surgeon in beau- 
tiful northwest Florida community. Send CV: Box 
#932, c/o AOS. 


WANTED: GENERAL SURGEON (BC/BE) to join 
busy general surgeon in Finger lakes region of 
upstate New York. Send CV to: Box 927, c/o AOS. 


SOLO GENERAL SURGERY opportunity with sov- 
erage in northern West Virginia. Enjoy many cultural, 
recreational, and scenic amenities in a highly dasir- 
able area. Excellent compensation and benefits. 
Paid interviewing and relocation expenses. Send CV 
or call: Richard Whidby, Jackson and Coker, Inc., 
115 Perimeter Center Place, Suite 380 11021, 
Atlanta, GA 30346. Telephone: (800) 544-1987. 


METROPOLITAN PITTSBURGH -— Excellent oppor- 
tunity to join BC general surgeon practicing at 350- 
bed modern medical center. Busy practice based at 
two offices with stable support staff. Competitive 
salary and benefits package leading to partnership. 
Attractive small-town location convenient to award- 
winning public schcols and affordable housing, with- 
in thirty minutes of downtown Pittsburgh, ore of 
America's “most liveable cities". Please contact: 
Kelly McMahon, Vice President, Specialty Recruit- 
ment Services, Daniel Stern and Associates, 211 
North Whitfield Street, The Medical Center East, 
Suite 240, Pittsburgh, PA 15206-3039. 


GENERAL SURGEON — Washington. The Moses 
Lake Clinic, a multi-specialty clinic in central Wash- 
ington, is seeking a BE/BC general surgeon. Mcdern 
clinic and 50-bed hospital facilities. Guaranteed 
salary and partnership track available. Excellent ben- 
efit package. Family oriented community with a large 
rural service area. Abundant four-season recreation- 
al opportunities. Contact: Terry Coplin, 840 Hill 
Avenue, Moses Lake, WA 98837, (509) 765-0216. 


GENERAL SURGEON - Preferably with interest in 
colon and rectal surgery to join or take over busy 
practice in southwest Florida. Call: (813) 772-1666; 
or evenings, (813) 337-7021. 
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Professional Opportun:ties 


GENERAL SURGEON ~ Option to estalslish practice 
with hospita support, or join anoth=r surgeon. 
Expect full gamut of surgical procedures. Fine, 94- 
bed medica! facility. Excellent quality of ife; schools; 
recreational activities. Guarantee plu- negotiable 
benefits. Souchwest Alabama, 90 mites from Mont- 

omery, Mokle, Pensacola. Contact: Febecca Tur- 
ley, (800) 3367107. 


FAIRFIELD, CONNECTICUT general s argeon seek- 


ing personab= partner, BC/BE, to join kusy practice. 
Send CV: George Longstreth, MD, 32& Reef Road, 
Fairfield, CT #6430. 


GENERAL SJRGEON ~- Colorado Srcvings: Thirty- 
two physicien multi-specialty group 3 seeking a 
BC/BE general surgeon to join exis-ing general 
surgery department. Practice involves broad range 
of general =urgery, some vascula , moderate 
endoscopy and work level Il trauma center. Please 
send curricuum vitae to: Bruce Minezer, Executive 
Vice President, Colorado Springs Medical Center, 
P.C., 209 Soith Nevada Avenue, Colozado Springs, 
CO 80903. 


GENERAL SJRGEON with experience: or fellowship 


in vascular surgery and/or thoracic surgery is need- 
ed to join basy practice of general and vascular 
surgery in small town of southwest Viginia. Salary 
commensurate with experience and full benefits of 
corporation eading to full partnership. Reply with 
curriculum vtae to: Surgical Clinic of Radford, Inc., 
P.O. Box 28¢7, Radford, VA 24743. 


The sweeping prairie of South Dakota could be 
the home of your general :urgical practice. With 
five Iccal family practitior.ers and a wealth of 





- Professional Opportunities 


UROLOGIST —- Board-certified/-eligible for anticipat- 
ed vacancy at 225-bed general medical, surgical and 
psychiatric VA Medical Center. Excellent opportunity 
to practice quality patient care with good fellow staff 
and without many hassles of private practice. Poplar 
Bluff is located in scenic southeast Missouri Ozark 
Foothills, has one of the lowest cost of living in U.S., 
good local schools and ample outdoor recreational 
opportunities. Comprehensive benefits such as low 
cost health/life insurance, retirement plan with 401 (k) 
option and thirty days vacation/fifteen days sick a 
leave per year. Please contact: Chief of Staff, VA 
Medical Center, Poplar Bluff, MO 63901. EOE. 


GENERAL SURGEON 
Opportunity for qualified physician to join two general 
strgeons in a well-established multi-specialty group. 


Ochsner Clinic of Baton Rouge offers a competitive 
sélary with excellent fringe benefits program. Send CV 
to: Ochsner Clinic of Baton Rouge, Physician Recruit- 
ing, 16777 Medical Canter Drive, Baton Rouge’ LA 
70816. Or call: (800) 488-2240. 


GENERAL SURGEON ~ Three Montana community 
hosoitals and eight practicing family physicians are 
jointly recruiting a BC/BE general surgeon. This 
opportunity is just a few miles from the Bob Marshall 
Wilderness Area and Glacier National Park, Solo 
practice with start up cost assistance or salaried 
position available. Contact: Carl Hanson, Administra- 
tor of Pondera Medical Center in Conrad, Montana, 
(406) 278- sea 





“Who would have ever 

thought this place would 

be so gorgeous? My dreams 
were in color...but life out 

here is more than that. 

Each window of our home 
frames a picture I only 
imagined before... 

I can step outside and stand $ 
in the middle of a dream...” E 


A. Clark, MD 
Gregory, South Dakota 


consu ting specialists in the area, you will be 
guaramteed an ample patient base... and still have 


family time to enjoy the spacious beauty of South Dakota. 


This unique opportunity fer a BC/BE general surgeon concerned with a 
- pollut-on-free environment offers the benefits of a $120,000 net plus 


production incentive compensation p 


ackage in our modern well equipped 


medical facilities. As an o>tion, we'll manage your practice, while you 


manage your patients. The trade area 


provides medical services for 


a 10,000 population area end is affiliated with a 476 bed tertiary care center. 


What more could there be? An opportunity to practice medicine... 
with tne outdoor pleasure: of life in the Great Plains. 


“IED 
= 
Grezory Community H>spital 
& Rosebud Nursing Home 





Contact: Jolee Thurn 


Physician Placement Department 

Sioux Valley Hospital 

1100 S. Euclid Ħ Sioux Falls, SD 57117- 5039 
1-800-468-3333 


vk 


Refer your inquiris to: 


or send CV to: 












The VA Medical Center in Huntington, West Virginie is 
look ng for BC/BE surgeons to join our Surgical Service. VA 
serves a patient population of 139,000. Surgical residercy 


program through major teaching affiliate, Marshall University 
Schcol of Medicine. 


A. clinical addition which adds a new surgical suite and 
new SICU will open January, 1992.. We need additional 
services in the areas of génerai, urologic, arid orthopedic 


surgery. Subspecialty interest, e.g. colonorectal, oncologic, 
etc., would enhance the applicant's acceptability. 


Candidates must be U.S. citizens or permanent residents, 
and ~ave current license in any of the 50 states. Full-time 
positions; part-time with joint faculty appointment nego- 
tiabl>. 


J.A. Pellecchia, M.D., F.A.C.P. 

Chief of Staff 

(304) 429-6755, Ext. 2517 
Physician Recruitment Office 

VA Medical Center 

1540 Spring Valley Drive 





AND GENERAL SURGEONS 


At the request of three surgical groups located In Peoria, Illinois, 
we are seel ing General Surgeons, Colon-Rectal Surgeons, and 
Vascular Sugeons tc Join these rapidly expanding private prac- 
tices. This is an opportunity to associate with a university affiliated 
teaching hcspital. 


Methodist Isa 530-bed teaching hospital affiliated with the Univer- 
sity of Illinois College of Medicine at Peoria. All specialties are rep- 
resented or our Active Staff. Methodist possesses two MRIs, ari 
Outpatient diagnostiz Unit, a new seven story Physicians’ Plaza, 
and a PET scanner waich was installed earlier this year and is now 
operational 


Peoria, an All-American city with a population of over 120,000 and 
a referral bcse of 350,000, is located on the Illinois River in scenic 
Central lllincis. There are numerous sports, recreational, and cultu- 
ral activities available locally with the advantages of Chicago 
and St. Louis less thar three hours away. 


Excellent compensaton and benefit packages are being offered. 
If interested, please submit your CV fo: 

Harvey Lightbody 

Vice President of Physician Recruitment 


METHODIST MEDICAL CENTER 
OF ILLINOIS 
221 N.E. Glen Oak Avenue 
Feoria, Illinois 61636 
The Power Of Caring Works Wonders 
1-800-621-8543 

Equa! Opportunity Employer 
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Professional Opportunities 


IMMEDIATE OPENING for board-eligible/-certified 
surgeon at progressive VA Medical Center located in 
the north Florica area which offers excellent climate 
year round, extensive outdcor recreational activities, 
lower than average cost of living, fine schools and 
nearby universities, iocal community college, no 
state income tax, and uncongested commuting to 
and from the medicai center. Applicants should repiy 
to: Chief of Staff, VA Medical Center, Lake City, FL 
32055-5898. Telephone: (904) 755-3016, Extension 
2011. Equal opportunity emplcyer. 


GENERAL/VASCULAR SURGEON: Two-person 
surgical group seeks a U.S.A. trained BC/BE sur- 
geon with general and vascular surgery and endo- 
scopic experience. Growirg northeast Wisconsin 
community, stable economy and three progressive 
hospitals having all medical services available. 
Excelient iocation for outdoor activities and easy 
access for travel. Excellent salary and benefits lead- 


ing to partnership. Send CV to: Box 930, c/o AOS. 


GENERAL SURGEON 


BC/BE general surgeon with thoracic and/or 
vascular interests to join busy, well-established 
four-person surgical group. Well-rounded 
medical community has service area of 100,000. 
The city offers a variety of educational and 


cultural opportunities due to the presence of 
Cornell University, and recreational activities are 
abundant. Please send CY to: 


Surgical Associates of Ithaca, P.C. 


1391 Trumansburg Road 
ithaca, New York 14850 


NORTHEAST NEW YORK - Vascular Surgeon. 
Excelient independent practice opportunity for a 
BC/BE fellowship trained vascular surgeon. CVPH 
Medical Center, a 420-bed regional referral hospital, 
offers a generous incentive package. One in three 
coverage schedule. Plattsburgh offers an ideai fami- 
ly environment and is located at the edge of Lake 
Champlain, within one hour of the Olympic-Lake 
Placid region and Montreal. For more details or to 
view a video of the hospital and community, contact: 
Hannah Hanford, Box 1656, Plattsburgh, NY 12901. 
(518) 643-2998. 


GENERAL SURGEON - (Vascular subspecialty) 
BC/BE for solo practice in western Pennsylvania, 
one hour from Pittsburgh, “America’s Most Livable 
City". Outlying hospital of large health system. Excel- 
lent opportunity. Country living with big city accessi- 
bility. Salary guarantee, malpractice, benefits, rent, 
staff stipend. CV to: Healthcare Professional Man- - 
agement, inc., One Monroeville Center, Suite 1040, 
Monroeville, PA 15146. Attention: R. Hager. 


GENERAL SURGEON 


An innovative health care organization is seeking 
general surgeons to service communities in rural 


southern West Virginia. Competitive salary and 
fringe benefits are offered. A desire and willingness. 
to meet the challenges of present day health care 
delivery in rura’ setting is a must. Send confidential 
resume and inquiries to: Box #931, c/o AOS. 





BC/BE GENERAL/VASCULAR SURGEON. Tho- 
racic experience or desire to train. Multi-specialty 
group. Start 1991 or 1992. Contact: David Manke, 
MD, West Side Clinic, SC, Fost Office Box 19070, 
Green Bay, WI 54307-9070. 


GENERAL AND VASCULAR SURGEON to join a 
busy, four surgeon practice on Long Island, New 
York. Must have at least one year of vascular fellow- 
ship. Excellent financial benefits and early partner- 
ship. Send CV te: South Shore Surgical Specialists, 
786 Montauk Highway, West Islip, NY 11795. 


PLEASE NOTE ~ Address replies to box number 


ads as follows: Box number _.._. , c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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Fellowships 










St. Joseph Hospital 
Houston 


Partnership Of | 
Choice 


Southern California Permanente Medical Group 
(SCPMG) is recognized as the nation’s largest and most respected physician- 
managed, multi-specialty medical group. Our continued growth has created new 
practice opportunities throughout Southern California for: 


ə General Surgeons e Pediatric Surgeons 

e Orthopedic Surgeons  « Neurosurgeons 

e Vascular Surgeons e Head & Neck Surgeons 
Experience the freedom to focus on your outstanding surgical skills rather thai 
administrative duties. We provide you the freedom, technology and resources tc 


focus on quality patient care, the collaborative support of knowledgeable 
colleagues and the opportunity to mak2 a significant contribution to your field. 


St. Joseph Hospital Microsurgical Training Center is 
offering to residents and surgeons a one year 


Microsurgery 
Research 
Fellowship 


Immediate opening. Responsibilities of the fellow 
include assisting in the teaching of our training courses 
and participating in on-going research projects. The 
stipend awarded is based on prior training and 
experience. 
For more information contact: 
Amado Ruiz-Razura, M.D. 
Microsurgical Training Center 
Plastic Surgery Service 
zZ St. Joseph Hospital 
Q 1919 LaBranch 
cC Houston, Texas 77002 
O Clama (713) 757-7476 


Directors Wanted 


OPPORTUNITY FOR board-certified surgeon or 
anesthesiologist to become Medical Director of 
Operating Room Services at Medica! College ol Vir- 
ginia, in Richmond. Responsible for directing day to 
day operations of 24-room surgical suite. Coordinate 
activities among anesthesia, surgery and nursing 
departments. Excellent salary and benefits. Reloca- 
tion and interviewing expenses paid. An equal 
opportunity/affirmative action employer. Women and 
minorities are encouraged to apply. Send CV or call: 
Greg Pilgrim, Jackson and Coker, Inc., 115 Perime- 
ter Center Place, Suite 380 11086, Atlanta. GA 
30346. Telephone: (800) 544-1987. 


Our compensation and benefits package includes: 
e Guaranteed practice and income è Paid educational and sabbatical leaves 
e Professional liability insurance e Comprehensive retirement plans. 7 


Send your curriculum vitae to: Invin P. Goldstein, M.D., Associate Medica 
Director, SCPMG, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. 
Or call: (800) 541-7946. 


WG, KAISER PERMANENTE 
ly N Southern California Permanente 


Medical Group 
Professional Opportunities 





SURGICAL ONCOLOGY 
RESEARCH FELLOWSHIP 
UNIVERSITY OF 
PENNSYLVANIA 


DIRECTOR 
OF 
SURGICAL EDUCATION 


GENERAL SURGEON — BC/BE recently trained to 
join established two person BC practice in July 1992 
at progressive, 150-bed acute care hospital; New 
Hampshire seacoast. No vascular or thoracic. Send 
CV and references fo: Box #926, c/o AOS. 


lowa Methodist Medical Center, a 
710-bed teaching tertiary care medi- 
cal center in Des Moines, lowa, 
seeks a Director of Surgical Educa- 
tion. Responsibility involves direction 
‘of the general surgical residency 
program which is fully accredited by 


Faculty Positions 


THE DEPARTMENT OF SURGERY of Mercer Uni- 
versity School of Medicine/Medical Center of Cen- 
tral.Georgia is seeking a board-certified general 
surgeon with critical care expertise for appointment 
as assistant professor. Duties include research and 


Available July 1, 1992. Cendidates 
should be residents in training or 
have completed training im general 
surgery Or surgical subspeciaities. 


teaching residents and students. Generous salary, 
office expenses and malpractice insurance with an 
opportunity for private practice. Send CV to: Martin 
L. Dalton, MD, Chairman, 777 Hemlock Street, Box 
98, Macon, GA 31201. 


SURGERY - The Department of Surgery at a pro- 
gressive, academic urban medical center in the 
northeast is seeking aggressive, well trained piastic, 
vascular, ENT and orthopedic surgeons to devzlop 
a practice and play an important role in the educa- 
tion and training of medical students and surgical 
residents. Hospital will provide attractive package 
and incentives and will assist with practice develop- 
ment. Medical school faculty appointment commen- 
surate with qualifications. Reply to: Box 691-1, 
Surgery; Gynecology & Obstetrics, 54 East Erie St., 
Chicago, iL 60617. 


’ 
2 € 


$ Locum Tenens 


“| carefully screened, credentialed, insured colleague 

> {| from the CompHealth tocum tenens medical staff 
- Y cover your practice the next time you have to be 
` 44..away, or while you recruit a new associate. Comp- 
Health locum'tenens — the physician you need, just 
when you need on2! Call today: (800) 453-303C. 
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-LGGUM TENENS GENERAL SURGEONS -— Let a 


Call or write: 


John M. Daly, MD; Chief 
Division of Surgical Or cology 


Hospital of the University 
of Pennsylvanieé 


UNIVERSITY OF PENNSYLYANIA 
3400 Spruce Street 
Philadelphia, PA 18104 

(215) 662-786E © 
Deadline for applicetion: 
January 31, 1992 
An affirmative actton/ 
equal opportunity er ployer 





the ACGME/RRC. The 45-year old 
program includes twelve residents 
and is integrated with Broadlawns 
Polk County Medical Center. IMMC 
is the designated trauma center for 
central lowa and has accredited resi- 
dencies in pediatrics and internal 
medicine. Candidates must have 
demonstrated excellence in teach- 
ing, clinical skilis, leadership, and 
managerial abilities. 


Interested candidates should forward 
a curriculum vitae to: 


Surgical Education Search Commit- 
tee 
c/o Ronald G. Evens 
Vice President 


Iowa Methodist Medical Center 


1200 Pleasant Street 
Des Moines, IA 50309 





Count on 


z 3 
p Apina il 


oo 
fee 
moa n 
W 
pe 
bana 
pend 

Lar me 
Tu 
aae 
paa 

7 

en 
+ 
ae 
Tor 
be 





due to indicated organisms 


For Intravenous or Intramuscular U 
(FOR FULL PRESCRIBING INFORM TION, SEE PACKAGE INSERT.) 


INDICATIONS AND USAGE eae 

Treatment: CEFOTAN is indicated foc the therapeutic Ceatment of the following infections when caused 

by susceptible strains of the design led crganisms: eee 

Urinary Tract Infectlons caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 

mirabilis, and Proteus sp {which ma inchede the organisms now called Proteus vulgaris, Provioencia 

retigeri, and Morganelia morganii. 

Lower Respiratory Tract Infections used by Streptococcus pneumoniae (formerly D pneumoniae), 

Staphylococcus aureus (penicillinas - anc nonpenicill nase-producing strains), Haemophilus influenzae 

{including ampicillit-resistant strain. }, Klebsiella spedes (including K pneumoniae), E coli, Proteus 

mirabilis, and Serralia marcescens” = saat 

Skin and Skin Structure Infectlons cusec by Staphyircoccus aureus (penicillinase- and nonpenicillinase- 

producing strains), Staphylococcus pidennidis, Streptococcus pyogenes, Streptococcus species 
excluding enterocc cel}, E cow, KletJella pneumoniae and Peplococcus” and Peptostreptococeys sp." 
ynecologic Infect ons caused by Saphy’ococcus aureus (including penicillinase- and nonpenicillinase- 

producing strains), Staphylococcus pidecmidis, Streztococcus species (excluding enterococci), group B 

streptococci, E coll, Proteus mirabili. Neisseria gonorhoeae, Bacteroides species (excluding B aistasanis, 

B ovatus, and 8 the-aiotaamicon), F-sobacterium species,” and gram-positive anaerobic cocci tincluding 

Peptococcus and Peptostreptoceccu species). eo de 

Intra-abdominal Intectlons caused Ly È cali, Klebsiel species (including K pneumoniae), Strepto- 

coccus species {excluding en-eroco ci), Bacteroides : pectes (excluding 8 aistasonis, B ovatus, and 

B thetaiotaomicron), and Clostridium species. 

Bone and Joint Infectlons caused b Stachyloceccus aureus. 

"Efficacy for this organism in this o gan system was -tudied in fewer than ten infections. 

Specimens for becteriological examinaton shouid { e obtained in order to isolate and identify 
causative organisms and to datermé e their susceptibilities to cefotetan. Wiig may be instituted 
before results of susceptibility studi :5 are known; however, once these results become available, the 
antibiotic treatment should be adjus=d accordingly. ere 

in cases of confirmed cr suspected gra n-positive cr gram-negative sepsis or in patients with other 
serious infections im whic? thè caus-tive erganism he not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycos de. Cefotetan conbinations with aminoglycosides have been shown 
to be synergistic in vitro zgainst may En erobacteriaceae and also Some other gram-negative bacteria. 
The dosage recommended in the laksling of both antaiotics may be given and depends on the severity 
of the infection and the patiert's coritior. 

Note: If CEFOTAN aid an aminoglyc-side are used concomitantly, renal function should be carefully 
monitored, especia ly if h gher dosames o` the amino: lycoside are to be administered or if therapy is 
prolonged, because of the potential aephaotoxicity ard ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxizity ha_not deen noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be pocentiated ((CEFCTAN is usec concomitantly with an aminoglycoside. 
Prophylaxis: The preoperative admi istrafon of CEFOAN may reduce the incidence of certain post- 
operative infections in patients undesgoing surgical pacedures that are classified as clean contaminated 
or potentially conta ninated (eg, ces rean section, abdominal or vaginal hysterectomy, transurethral 
surgery, biflary trac: surgery, and gastrointestinal sur: ery). 

The prophylactic Jose of CEFOTAr shavid be admiristered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean sectics, CE-OTAN shou d be administered intravenously after the 
clamping of the umpilical cord. 

if there are signs and sympcoms C infection, specinens for culture should be obtained for 
identification of the causative organ-sm so that appro oriate therapeutic measures may be initiated. 
CONTRAINDICATIONS ; f 
vies A contraiadicated ir patiexcs wih known albrgy to the cephalosporin group of antibiotics. 
Before therapy with GEFOTAN Is Ins<tuted, careful Inquiry should be made to determine whether the 
patient has had previous hypersensalvity reactions b cefotatan disodium, cephalosporins, 
peniclilins, or cther drugs. This provuct chould be g ven cautiously to penicilitn-sensitive patients. 
Antibiotics should we administered vith caution to aay patient whe has demonstrated some form of 
allergy, particularly to drugs. If an <lergls reaction t3 CEFOTAN occurs, discontinue the drug. 

Serious acute hyge-sensitivity reacuons may require epinephrine and other emergency measures. 

Pseudomembran us colitis has te en reported wit! the use of cephalosporins {and other broad- 
spectrum antibiotics); therefcre, itt Important to co ssider Its dlagnosts In patlents who develop 
dlarthea In assocla-ton with antiblo c usa 

Treatment with broad-spectrum ar ibiotcs may alte- normai flora of the colon and may permit over- 
growth of clostridia Studies indicate a toxin producec by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. 

Mild cases of colgis may respond > drug discontin tance alone. Moderate to severe cases should be 
managed with fluid. electrolyte, and arate n supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance or wł=n it ts severe, oral vancomycin is the treatment of choice for anti- 
biotic-assoctated pseudomembranou colitis produced by C difficile. Other causes should also be considered. 

in common with many othe” broac-spectrum antibietics, CEFOTAN may be associated with a jail in 
prothrombin activity and, possibly, sabsecuent bleedi 1g. Those at increased risk include patients with 
renal or hepatobiliary impairment or 200r qutritional sate, the elderly, and patients with cancer. 
Prothrombin time sould be monitor-d and exogenou < vitamin K administered as indicated. 
PRECAUTIONS 
General: As with otber brcad-spectram antibiotics, pralonged use of CEFOTAN may result in overgrowth 
of nonsusceptible organisms. Carefu observation of tle patient is essential. If superinfection does occur 
during therapy, appropriats measure should be taken. 

CEFOTAN should be used with cau on ir individuals with a history of gastrointestinal disease, 
particularly colitis. ; 

Infarmation for Patents: As with sor e ott er cephalosporins, a disulfiram-like reaction characterized by 
flushing, sweating, beadache, and texhycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours afte” CEFOTAN admir straton. Patient: should be cautioned about the ingestion of 
alcoholic beverages following “he adeainist-ation of CE-OTAN. 

Drug Interactions: fithough to date ephrotoxicity ha: not been noted when CEFOTAN was given 

alone, i is ave that nephrotoxicay may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

Drug/Laboratory Test Interactlans: A“alse positive reaction for glucose in urine may occur with 
Benedict's or Fehlinc’s solution. 

As with other cephalosporins, higtconcentrations c cefotetan may interfere with measurement of 

serum and urine creatinine levels by affe “eaction anc produce false increases in the levels of 
creatinine reported. 
Carcinogenesis, Mutagenesis, impa men: of Ferililty Although long-term studies in animals have not 
been performed to evaluat? carcinog nic potential, no mutagenic potential of cefotetan was found in 
Standard laboratory tests. 

Cefotetan has adverse effects on tH testes of preputertal rats. Subcutaneous administration of 


= (cefotetan disodium 


in intra-abdominal and gynecologic infection 


500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and pee in humans) resulted in reduced testicular. 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 123 mg/kg/day {approximately 2-4 times the usual human dose) only 1 of 16 treated 
animals was affected, and the degree of degeneration was mild, n , 

Similar lesions hava been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 ma/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for § weeks. The relevance of these 
findings tá humans is unknown. : 

Usage in Pregnancy: Pregnancy Category 8: Reproducticn studies have b2en performed in rats and 
monkeys at doses up t> 20 times the human dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to cefotetan. There are, however, nc adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies ara not always predictive of human response, 
this drug should be usad during pregnancy only if clearly needed. 
Usage In Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution 
should be exercised when cefotetan is administered to a rursing woman. 
Pediatric Use: Soa) and effectiveness in children have nat been established. 
ADVERSE REACTIONS 
In clinical studies, tha following adverse effects were considered related to CEFOTAN therapy. 
sence oe P occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80} and 
nausea {i in 706}. 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
positive direct Coombe test (1 in 250), and thrombocytos s (1 in 300). 
Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150}, SGOT 
{1 in 300), alkaline phcsphatase (1 in 700), and LDH (1 in 700). ae 
Ae tivity reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in 


Local effects were resorted in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

During postmarket ng experience with CEFQIAN, agranulocytosis, anaphylactic reactions, fever, 
hemolytic anemia, leukopenia, prolonged prothrombin time with or without bleading, pseudomembranous 
colitis, and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

Treatmant: The usual dult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- - 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infecticn, and susceptibilitw of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of infection Dally Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

į or Z g every 12 nours IV or iM 
Other Sites 2-4 grams 1 of 2 g every 12 nours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 heurs IV 


*Maximum daily dosage should not exceed 6 grams. 


Prophylaxis: To preveni postoperative infection in clean ccntaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN admin’stered once, mi venous; 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

impalred Renal Functian: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 





Creatinine Clearance 











mUmin Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<18 Usual Recommended Dosage" Every 48 hours 





*Dose determined by the type and severity of infection, and susceptibility of tne causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine cleararce of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg1 x (140 - age) 


Males: ee aee 
72 x serum creatinine (mg/t00 mL} 


Females: 0.9 x value for males 
_Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent h aliyen, 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis * TN 
* s it z a ` 


and one-half the usual recommended dose on the day of dialysis. ie i on 
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ie: less frequent dosing 
than cefoxitin‘ 


several times the half-life 
of cefoxitin’ 


single-dose prophylaxis/ 
twice-daily treatment | 





Jue to indicated organisms 
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Referances:.-1, Nightingale CH, Smith KS, Quintiliani R, et al: Tre conversion of cefoxitin usage 
to cefotetdn: An interdisciplinary approach: Am / Surg 1988;155(54):101-702. 2. Sochalski 4, 
Suliman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination! antibiotic regimens. Am J Surg 1988; 155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4, Physicians’ Desk 
Reference, ed 43. Oradell; NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1358-1357. -5. CarverM, Quintiliani R, Nightingale CH Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. infect Surg, April 1986 (suppl), 

pp 11-14 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of-cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 
Am J Surg 1988; 155(5A):67-70. i 


Please see adjacent page for brief summary of prescribing information. 
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Once for prophylaxis. A 
Once daily for cure. | 


The prophylactic dose of ROCEPHIN is alco the daily therapeutic dose. 
ROCEPHIN, 1 gm given once prior to surgery” in adults, provides 

effective prophylaxis against infection and is on board throughout the A 
pertoperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 to 2 gm given once a day in adults, is the usual 
therapeutic dosage for the following common postsurgical infections: 
lower respiratory tract or skin/skin structure infections due to Staphy/o- 
coccus aureus, Klebsiella pneumoniae and Proteus mirabilis; urinary 
tract infections due to Escherichia coll, K. nneumoniae and F mirabilis. 


Efficacy, economy, ease and generally well tolerated. ROCEPHIN: 1gm | 
once for prophylaxis, once daily for cure. D 


Once-a-day 
Rocephini, , 


ceftriaxone sodium/ Roche 





Usual adult daily dosage: 1 to 2 gra once a day 


As with any cephalosporin, there exists the possibility >f hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1991 by Hoffmann-La Roche Ine.  . * In contaminated or potentially contaminated Please see adjacent page for summary of product ¢ 
Ali rights reserved. procedures {e.g., vaginal or abdominal information, which includes a list of adverse reactions. 
hysterectomy}, and for patients in whom 
infection at the operative site would present 
serious risk {e.g., coronary artery bypass 
graft [CABG] surgery). 


mø, 
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~ during coronary artery by =ss surgery). 


known allergy to the septaaosporin class of antibiotics. 


ROCEPHIN® (ceftriaxone sodiam/Roche)’ © > E oe 


Before prescribing, please cewuit complete product information; a summary of which follows: 


INDICATIONS AND USAGE: Pacephin i is indicated for the treatment of the folowing acai when 
caused by susceptible orgxJisms: 


LOWER RESPIRATOR TR.:T INFECTIONS caused by Strep. pasina ERE spe- ` 


cies (excluding enterococc) Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
{including K pneumoniae? =. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTU™2 INFECTIONS caused by Staph. aureus, Staph. epi idermidis, Strep- 


tocaccus spacies (exclucicz enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis ane >seucomonas aeruginosa. 


URINARY TPACT INFECTIGMS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M—=norganii and Klebsiella species (including K. pneumoniae}. 


UNCOMPLICATED GONC RHEA (cervicailurethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penctlinase and nonpenicilllnase producing strains, and pharyngeal! gon- 
ofthea caus2d by nonpen= linase producing strains of Neisseria gonorrhoeae. 


PELVIC INFLAMMATORY wSEASE caused by N. gonorrhoeae. 


BACTERIAL SEPTICEMIA czised by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K, pneumoniae. 


BONE AND JOINT INFEC-JONS caused by Staph. aureus, Sirep. pneumoniae, Streptococcus: 
species (excluding enterc: «cci), E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDDMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by +n. afluenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone hea 
also been used successi iy in a limited number of cases of meningiis ang shunt infections 
caused by Staph. epidermedis and E. coli. 


SURGICAL SROPHYLAXIE Preoperative administration of a singie 1 gm dose may reduce incl- 
dence of postoperative ink<tions in patients undergoing surgical procedures classified as con- 
taminated or ‘potentially ectraminated (e.g., vaginal or abdominal ney) and in those for 
whom infaccion at the opeative site presents serious risk (¢.g., 


Aithough ceftriaxone has +26n shown to have been as effective 
as cefazolin in the preventi«1 of infection following coronary artery 
bypass surgary, no placetc-controlled trials have been conduct- 
ed to evaluate any caphe=sporin antibiotic in the prevention of 
intaction fol owing corona artery bypass surgery. When admin- 
istered befcre indicated 3 zgical procedures, a singis 1 gm dose 
provides protection from r—st infections due to susceptible orga- 
nisms for duration of proc—-jure. 


SUSCEPTIBILITY TESTI. 3: Before instituting treatment with 
Resephin, appropriate sc=simens should be obtained for isola- 
tion of the causative crgar==n and for determination of its suscep- 
tibility to tha drug. Thera + may be instituted prior to obtaining 
results of susceptibility text ng. 


CONTRAIND CATIONS: Rocexhin is contraindicated in patients with 


WARNINGS; BEFORE THE&.PY WITH ROCEPHIN IS INSTITUTED, ~- 
CAREFUL INQUIRY SHOL=D BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HÆ PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALC=ORINS, PENICILLINS OR OTHER 
DRUGS. THIS PROCUCTS[HOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE «TIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME=ORM OF ALLERGY, PARTICULARLY 
TO DRUGS. SERIOUS ACTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USEDF SUBCUTANEOUS EPINEPHRINE 
AND OTHER EMERGENG+ MEASURES. 


Pseudomerr branous colltic -sported with nearly sH antibacterial agents, including ceftriaxone, may 
range in sevarity from mild =difa-threatening. Therefore, consider ihis dlagnoels In patients who present 
with diarrhea subsequent tr administration of antibactaria! aggnts. 

Traatment with antibacte =l agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indE ate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated cont:s.” 


, After estaklishing diagncss of pseudomembranous colitis, initiate therapeutic measures. Mild 


cases of pssudomembrasx us colitis usually respond to drug discontinuation alone. in moderate 
to severe cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral av—tacterial drug effective against ©. difficile. 


PRECAUTIONS: GENERAL_«lthough transient elevations of BUN and serum creatinine have been 
obsérved, at the racornm: aded dosages, the nephrotoxic potential of Rocephin is similar to that 
of other ceshalesporins. 


Ceftriaxone is excre-ed w= both biliary and renal excretion (see Clinical Pharmacology). There- 
fore, patients with renal mure normally require no adjustment in dosage when usual doses of 
Rocephin are administerc—, but concentrations of drug in the serum should be monitored period- 
ically. If ev dence of acce-uiatian exists, dosage should be decreased accordingly. 


Dosage acjustments strand not be necessary in patients with hepatic dysfunction; however, in 
patients wich both hepatic-ysfunction and significant renal disease, Rocephin dosage should not 
exceed 2 gm daliy witho close monitoring of serum concentrations. 


Alterations in prothrornbi imes have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K sar thesis of iow vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require mcrtoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministraticn (10 mg wee-ly} may be necessary if the prothrombin time is prolonged before or 
during therapy. 

Prolonged use of Rocept> may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is esential. If superinfection occurs during therary, appropriate measures 
should be taken. - 

Rocephin should be preacribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 

Rare cases reportec of sc a graphic abnormalities ssenin the galibladder: patients may also have 
symptoms of gallbladde“disease. These abnormalities, variously described as sludge, pre- 
cipitations, achoes with Sadows, may be misinterpreted as concretions. Chemical nature of son- 


ographica‘ty-detected m æriai not determined. Condition appears to be transient and reversible - 


upon discontinuation œ Aocephin and conservative management. Therefore, discontinue 
Rocephin - f signs ard symtoms suggestive of gallbladder disease and/or the sonographic find- 
ings described above dator. 

CARCINOGENESIS, MU~ GENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration o— eatment and the class of the compound, carcinogenicity studies with 
ceftriaxona lalla hg anot been performed. The maximum duratior of animal toxicity studies 
was six months 


“Mutagenesis: Genetic teCology tests included the Ames test, a micronucleus tast and a test for 


chromoso na! aberratior=in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment of Fertility: C-Friaxone produced no impairment of fertility when given intravenously to 
eae ae y doses up to 6 mg/kg/day, approximately 20 times the recommended clinical dose 
of 2 g/day. 


PREGNANCY: Terateger= Effects: : Pragnancy Category I B. _ Reproductive studies have been per- 
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ROCEPHIN® (cettiaxone sodium/Roche) 


onteratogenic =ffects: In tats, in the Segment | (ferility and general reproduction) and Segment 1i 
(aerinatal and pcstnatal) studies with intravenously administered ceftriaxone no adverse effects were 
roted on various reproductive parameters durinc gestation and lactation, including posinatal 
growth, functional behavior and reproductive ability of the offspring, at deses of 586 mg/kg/day or tess. 


MURSING MOTHERS: Low concentrations of ceftriaxone are excreted n human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectivenass of Rocephin in neonates, infants and children have 


teen established for the dosages described in the Dosage and Administration section, in vitro 


etudies have shown ceftriaxone, like Some other cephalosporins, can disolace bilirubin from ser- 


um albumin. Recephin should not be administered to hyparbilirubinemic neonates, especiaily 


_ prematures. 


ADVERSE REACTIONS: Rocephir is generally weil tolerated. in clinical trials, the following adverse 


‘rgactions which were considered to be related to Rocephin therapy or of incertain etiology, were 


observed: 


LOCAL REACTIONS — pain, induration or tenderness at the site of injection (1%). Less frequently 
reported “less tnan 1%) was palebitis after LV. administration. 

HYPERSENSITIVITY — rash (1.7%). Less frequently reported (less than ~%) were pruritus, fever 
er chills, 


HEMATOLOGIC — eosinophilia (6%), thrombocy-osis (5.1%) and leukcpenia (2.1%). Less fre- 
quently reported (less than 1%) were aremia, neu: Jonona; lymphopsnia. thrombocytopenia and 
prolongation of the prothromb’n time. f ee 


GASTROINTESTINAL — diarrhea (2.7%1. Less frequently reported (less than 1%) were nausea 


"or vomiting, and dysgeusia. Onset of pseudomembranous colitis symptcms may occur during or 


after antibiotic ireatmant (see WARNINGS), 


-1EPATIC— elevations of SGOT (3.1%) or SGPT (2.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


IENAL -- elevazions of ue 8UN(1.2%). Less fraquantly reported (less than 1%) were elevations of 
creatinine and the presence of casts in tne urine. 


CENTRAL NERVOUS SYSTEM—headacre or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY — moniliesis or vaginitis were reported occa- 
sionaily (less than 1%). 


MISCELLANEOUS — diaphcresis and flushing were reported oc- 
casionalfy {iess than 1%). 


Other rérely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymehocytosis, monocytoss, basophilia, adecrease 
in the prothrombin time, jaur dice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdam- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenousiy or inttamusculerly. The usual adult daily dose is 1 to 
2 gm given once a day (cr in equally divided doses twice a 
day} depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 


For the treatment of serious miscellanecus infections in children, 


75 mg/kg (not to exceed 2 grams), given in divided doses every 
i2hours. ° 

Generally, Rocep rin therapy should be continued tor at least two 
days af-er the sigr:s and symptoms of infection have disappeared. 
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Bile Duct Carcinoma in the Elderly: A Rationale for 1186 
Surgical Management 

Kimberly Saunders, MD; Ronald Tompkins, MD; 

William Longmire, Jr, MD; Joel Roslyn, MD, Los Angeles, Calif 


è Elderly patients should not be denied surgical evaluation of bile duct malignancies 
simply on the basis of age. 











Endoscopic Cholecystectomy: An Analysis of Complications 1192 

Bruce M. Wolfe, MD; Barry N. Gardiner, MD; 

Barbara F. Leary, PA-C, MHS; Charles F. Frey, MD, Sacramento, Calif 

@ The learning curve is real and somewhat prolonged; a willingness to convert to open 
cholecystectomy is necessary if technical complications are to be avoided. 










A Current Analysis of Primary Lymphoma of the Thyroid 1199 
Erik D. Skarsgard, MD; Joseph M. Connors, MD; 
Richard E. Robins, MD, Vancouver, British Columbia 
© Surgery should be restricted to diagnostic biopsy; there is infrequently a role for 
resection given the effectiveness of combined therapy. 













Reoperative Surgery for Periampullary Adenocarcinoma 
Gretchen E. McGuire, MD; Henry A. Pitt, MD; Keith D. Lillemo 











John E. Niederhuber, MD; Charles J. Yeo, MD; i y, A; 
John L. Cameron, MD, Baltimore, Md S i wamarRy} 2 4 
© In carefully selected patients, reoperative surgery for periampullary ca er can be ‘i. 3 
performed safely and offers a chance for long-term survival. — N, gei 
Continuéd-on page 4169. 
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Calciphylaxis in Secondary Hyperparathyroidism: 
Diagnosis and Parathyroidectomy 

Quan-Yang Duh, MD; Robert C. Lim, MD; 

Orlo H. Clark, MD, San Francisco, Calif 


è Calciphylaxis is a limb- and life-threatening complication of secondary 
hyperparathyroidism. Patients should be treated with subtotal parathyroidectomy. 


In Vivo Measurement of Breast Cancer Growth Rate 

William H. Goodson III, MD; Britt-Marie Ljung, MD; 

Frederic Walcman, MD; Brian Mayall, MD; 

Karen Chew, MS, San Francisco, Calif; 

Dan H. Moore II, PhD, Livermore, Calif; 

Helene Smith, PhD; Eric S. Goldman, MD; 

Christopher Benz, MD, San Francisco, Calif 

è Labeling index correlated positively with poorly differentiated cancer, higher 
mitotic counts, and tumor size; it correlated negatively with estrogen and 
progesterone receptors. 


Control of Dumping Symptoms by Somatostatin Analogue in 
Patients After Gastric Surgery 

John L. Gray, MD; Haile T. Debas, MD; 

Sean J. Mulvinill, MD, San Francisco, Calif 


è Octreotide is a useful tool in the management of patients with severe, refractory 
dumping syndrome. 


Is Early Prediction of Outcome in Severe Head Injury Possible? 
Kenneth Waxman, MD; Michael J. Sundine, MD; 
Ronald F. Young, MD, Orange, Calif 


è Initial therapy should be agressive for severe head injury regardless of initial neurologic 
status; accurate prediction of outcome is not possible within 6 hours of presentation. 


The Mangled Extremity: When to Amputate? 
Markus S. Roessler, MS; David H. Wisner, MD; 
James W. Holcroft, MD, Sacramento, Calif 


© If salvage is ettempted, amputation should be done at 24 hours if the patient's 
condition, including markedly positive fluid balance, indicates systemic compromise. 


Limb Salvage vs Amputation for Critical Ischemia: 

The Role of Vascular Surgery 

Lloyd M. Taylor, Jr, MD; Daniel Hamre, MD; Ronald L. Dalman, MD; 

John M. Porter, MD, Portland, Ore 

è An agressive policy of limb revascularization in patients with critical lower-extremity 


ischemia results in low operative morbidity/mortality and excellent long-term 
limb salvage. 


Hepatic Vein and Retrohepatic Vena Caval Injuries in 
Children: Sternotomy First? 

Steven L. Moulton, MD; Frank P. Lynch, MD; Timothy G. Canty, MD; 
David L. Collins, MD; David B. Hoyt, MD, San Diego, Calif 


@ Although sternotomy before laparotomy improves the efficiency of hepatic exclusion 
and may offer improved survival, accurate preoperative case selection limits its use. 


Wound Healing After Anorectal Surgery in Human 
Immunodeficiency Virus—Infected Patients 

Edmund C. Burke, MD; Susan L. Orloff, MD; Christopher E. Freise, MD; 
James R. Macho, MD; William P. Schecter, MD, San Francisco, Calif 


@ Anorectal surgical wounds heal in most HIV-infected patients; the survival time of 
HIV-infected patients with anorectal disease justifies appropriate surgical treatment. 


Surgical Management of Pneumothorax in Patients With 


Acquired Immunodeficiency Syndrome 

Alfred N. Gerein, MD; Mary Lynn Brumwell, MD; 
Lindsay M. Lawson, MD; Norman H. Chan, MD; 

Julio S. G. Montaner, MD, Vancouver, British Columbia 


è The results cf treatment of pneumothorax in the patient with AIDS are related to 
the pathologic lesions of the lung, not to the surgical treatment. 
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The Impact of Liver Reductions in Pediatric 1278 


Liver Transplantation 

Carlos O. Esquivel, MD, PhD; Paul Nakazato, MD; Kenneth Cox, MD; 
Waldo Concepcion, MD; William Berquist, MD; 

Thomas R. Russell, MD, San Francisco, Calif 

© RSLT offers small children with end-stage liver disease a chance for long-term survival. 


Decortication for Childhood Empyema: 1287 


The Primary Provider’s Peccadillo 

Andrew S. Kennedy, MD; Melisa Agness, MD; Leonard Bailey, MD; 

John J. White, MD, CM, Loma Linda, Calif 

e Decortication for empyema is seldom necessary when a child is treated promptly with 
appropriate antibiotics directed by thoracentesis findings, drainage, and 
tube thoracostomy. 


Effect of Donor-Disseminated Intravascular Coagulation in 1292 


Liver Transplantation 

Stephen S. Cheng, MD, Portland, Ore; C. Wright Pinson, MD, 
Richard R. Lopez, MD, Nashville, Tenn; Richard A. Crass, MD, 
Roderick S. Johnson, MD, Portland, Ore 


è The presence of DIC in donors did not adversely affect graft function 
or patient outcome. 


ORIGINAL ARTICLE 
Surgical Resection of Pulmonary Metastases From 1297 


Colorectal Adenocarcinoma: Special Reference to Repeated 


Pulmonary Resections 

Masaki Mori, MD; Hirotsugu Tomoda, MD; Teruyoshi Ishida, MD; 
Akinori Kido, MD; Reishi Shimono, MD; Tetsuya Matsushima, MD: 
Hiroyuki Kuwano, MD; Keizo Sugimachi, MD, Fukuoka, Japan 


@ A long survival time following pulmonary resection for colorectal metastases will occur; 
repeated, pulmonary resection in highly selected patients may be indicated. 


CLINICAL OBSERVATIONS 


Salvage of Hemodialysis Access in Infected 1303 


Arteriovenous Fistulas 
Kevin McMullen, MD; Daniel Hayes, MD; John L. Hussey, MD; 
J. Philip Boudreaux, MD, New Orleans, La 


© Immediate reconstruction allows the surgeon to utilize the arterialized outflow vein and 
save other sites of access for future use. 


Recurrent Bronchogenic Cyst: An Argument for Complete 1306 
Surgical Excision 

Charles A. Read, MD; Michael Moront, MD; Robert Carangelo, MD; 

Richard W. Holt, MD; Michael Richardson, MD, Washington, DC 
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as oral vancomycin; isolation of the patient may be advisable. Other causes of colitis should also be 
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Reflections on My Surgical Residency 


A my year as chief resident came 
to a close, we neared the annual 
dinner given in our honor, and I pon- 
dered what speech I would give the 
audience. Rather than remark on a 
subjectinteresting and current to gen- 
eral surgery, I acknowledged the per- 
sons without whom I would have 
surely failed. I thanked my parents 
for their endless support throughout 
years of education, my wife for her 
interminable love and success in rear- 
ing four children in my absence, and 
my department chairman and pro- 
fessors for taking the time and en- 
ergy to help develop my clinical judg- 
ment and surgical skill. I believed I 
did not have the time to give the au- 
dience my perspective on our field. 

In this editorial, I can take some 
time to comment on my perspective 
on general surgery. I specifically dis- 
cuss a topic that struck me as critical 
during my residency: the constant 
change in the field of surgery and 
how we, the general surgeons, fit in, 
if at all. We live in a time when more 
is being understood about the phys- 
iologic characteristics of surgical dis- 
eases. This has resulted in continual 
improvements in patient care through 
innovations and medications. We also 
live in a world where computers and 
technologic advances seem to be get- 
ting the better of us. Whether the 
field of “general” surgery will even 
exist in 10 or 20 years was a subject of 
occasional debate among the house 
staff members and some attending 
physicians. 

The changes in our field that I wit- 
nessed astounded me, and general 
surgery in 1991 is not the same ani- 
mal it was during my 1984 intern- 
ship. Boards in vascular surgery came 
to fruition, and it seemed as if vas- 
cular surgery was becoming a field 
separate from general surgery. Al- 
though modified radical mastectomy 
was the treatment of choice for stage 
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I carcinoma of the breast, random- 
ized controlled clinical trials showed 
lumpectomy, axillary node cissection, 
and radiation therapy to be just as 
effective, and this rapidly bəcame the 
most requested operative -reatment 
for the disease. In 1984, arguments 
were still being rendered about 
whether asymptomatic gallstones 
needed to be surgically removed. 
Careful study proved it not to be nec- 
essary, and the number cf elective 
cholecystectomies dramatxcally de- 
creased. I watched the introduction 
of cyclosporine and its effect on renal 
allograft recipients as well the sub- 
sequent creation of a liver transplant 
program and the change in which 
patients with liver failure and cirrho- 
sis were treated. Even patents with 
bleeding esophageal varices were be- 
ing considered for transplant surgery 
rather than placement of a portosys- 
temic shunt. The ileal pcuch—anal 
anastomosis operation was intro- 
duced by a surgeon added tb the hos- 
pital staff, and management of ulcer- 
ative colitis at our institutiomchanged. 
Finally, in 1990, laparoscopic chole- 
cystectomy suddenly was the treat- 
ment of choice for patients with symp- 
tomatic gallstones. In addition to 
learning the art of surgery, I realized 
that the art of medicine as a whole 
was not static, even in our seemingly 
advanced era and despite what was 
written in textbooks. I was and still 
am witnessing the dynarric evolu- 
tion of our understanding and treat- 
ment of surgical diseases. 

But I was troubled by -he effect 
each new Clinical trial and procedure 
apparently had on my role as a gen- 
eral surgeon. Almost everyone who 
completed our residency program 
chose to continue training in one of 
an ever increasing choice cf surgical 
subspecialty: pediatric, vaseular, car- 
diovascular, general thoracic, plastic, 
endocrine, oncologic, trauma and crit- 


ical care, transplantation, or colon and 
rectal surgery. Was I also witnessing 
the creation of specialties and the need 
for superspecialists? Because I have 
always been interested in the alimen- 
tary tract, was I going to have to de- 
cide whether to complete a laparo- 
scopic surgery fellowship or a gas- 
trointestinal fellowship to be allowed 
to operate in the peritoneal cavity? 
Worse, would I have to also decide 
between an upper-gastrointestinal, 
lower-gastrointestinal, or hepatobil- 
iary fellowship to operate in a par- 
ticular peritoneal quadrant? Were five 
years of clinical training only enough 
to become an expert in triage for the 
subspecialties? Being in the clinical 
trenches and detached from the real 
world led many of us to conclude 
that this was, in fact, happening. 
Our concerns were not eased by 
the infringement of nonsurgical phy- 
sicians on our field. An aggressive 
breed of radiologist became increas- 
ingly involved in the care of patients. 
Percutaneous drainage of purulent 
collections, placement of catheters, 
and dilation of strictures became rou- 
tine and replaced what appeared to 
be a significant portion of our prac- 
tice. Were we also being replaced by 
these technologic advances? 
Although it appeared that other 
physicians were infringing on our 
territory, it took little time for us to 
realize that, for the most part, their 
technically advanced procedures 
actually supplanted our care of the 
patient before and after surgery. A 
difference was soon noted in the 
effect their procedures had on our 
sick patients. For example, patients 
undergoing percutaneous drainage 
of intraperitoneal abscesses would 
not have done as well had they 
undergone a standard surgical pro- 
cedure. Also, the procedures per- 
formed less often because of the 
presence of these other physicians 
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were not generally missed by the 
more experienced surgeons on 
staff. We were still in complete 
control of our patients’ care and 
continued to guide their treatment. 
Our egos were affeeted by not per- 
forming the percutaneous proce- 
dure, but the radiologist’s willing- 
ness to aid in the care of these 
patients freed us to perform actual 
surgical procedures. 

The issue of fragmentation in gen- 
eral surgery and growth of fellow- 
ship opportunities is far more com- 
plex. I believe areas such as 
cardiovascular, thoracic, plastic, and 
pediatric surgery have matured into 
fields in which surgeons perform 
their specialty procedures exclu- 
sively. Separate board examinations 
or certificates are given, but only af- 
ter full training in general surgery. 
One wonders why this is so when 
other surgical subspecialties such as 
otolaryngology, neurosurgery, urol- 
ogy, and orthopedics are so divorced 
from general surgery that residents 
are only required to serve basic time 
in the general surgical arena. Both 
groups are similar in that special- 
ists in each field devote their time 


= exclusively to their particular area 


y 
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of interest and very rarely cross 
over to perform general surgery. I 
do not think the former group ben- 
efits from full general surgical 
training. In fact, some residents 
slated for cardiothoracic and plastic 
surgery fellowships are asking for 
and obtaining permission to com- 
plete fewer years im general surgi- 
cal training. The complete divorce 
of these subspecialties from general 
surgery is not far away, and the 
absence of these residents from the 
upper level would give the general 
Surgery resident more intense ex- 
posure to problems of pure general 
surgery. 

While complete separation of car- 
diovascular, plastic, and pediatric sur- 
gery from the general surgical um- 
brella is inevitable, I do not think that 
further fragmentation of our specialty 
should occur. The training of a vas- 
cular surgeon should include exper- 
tise in general surgery because any 
transabdominal operation requires 
such knowledge. Similarly, a general 
surgeon should be well versed in the 
art of vascular surgery to adequately 
care for surgical patients, whether the 
problems are in the abdomen or the 
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lower extremities. The decision to de- 
velop a clinical practice exclusive to 
vascular, transplant, gastrointestinal, 
endocrine, oncologic, or colorectal 
problems should be left to the indi- 
vidual at the conclusion of his or her 
training. This decision should be 
made later during the residency be- 
cause expecting a naive medical stu- 
dent or postgraduate year-1 trainee 
to make such a decision before ade- 
quate clinical exposure is expecting 
too much. The need for further train- 
ing in these fields, however, should 
depend solely on whether the indi- 
vidual received enough experience in 
his or her area of interest. Unfortu- 
nately, the current overabundance of 
postresidency fellowships suggests 
that they are mandatory and pro- 
motes the impression (to ourselves 
and the public) that someone who 
operates in the colon cannot also ad- 
equately operate in the region of the 
biliary tract or on blood vessels. In 
this era of easy and abundant litiga- 
tion, I do not think this is a good 
impression to promote. 

It is time we made a decision about 
how to train our residents. If general 
surgery is truly to stay a field unto it- 
self, we should continue training as 
we are, making sure our training 
programs are adequately preparing 
us in all aspects of general surgery 
and structuring the training pro- 
grams such that fellowships are of- 
fered for those who need extra expo- 
sure to particular clinical problems. If 
we believe that specialization is bet- 
ter, maybe we should shorten our 
surgical residencies, make decisions 
early about which subspecialty to 
practice, and make fellowships man- 
datory. 

I think that the teaching faculty in 
general surgery need to realize that 
residents are very worried about how 
they will fit into the real world once 
they have completed training. I was 
fortunate enough to have trained in 
a residency program where improve- 
ments in surgical care and education 
were continually implemented and 
consequently gained firsthand expo- 
sure to most of the latest techniques 
and innovations in patient care. I won- 
der if this is true at most other ac- 
credited institutions. Still, I believe 
that no real end to my surgical train- 
ing will ever come. 

MICHAEL E. ZENILMAN, MD 
Baltimore, Md 


Dr Zenilman, a 1984 graduate of the 
State University of New York, Health 
Sciences Center, Brooklyn (Downstate), 
is a member of Alpha Omega Alpha and 
Phi Beta Kappa. He completed his surgi- 
cal residency in July 1991 at Washington 
University School of Medicine, St Louis, 
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Boca back at the past 5 years 
that I spent as a general surgery 
resident, I am amazed at how I have 
changed. Four years of college teaches 
people to think independently and 
socially. We then enter medical school 
where life is very focused: we study 
and we are rewarded. Residency is 
the long period when we finally de- 
velop our own concepts as physicians. 

No one knows at the outset what 
life as a general surgery resident is 
like. We come from protected, some- 
what pampered environments, and 
we are suddenly thrown into situa- 
tions in which constant demands are 
made on our knowledge, skills, and 
time. 

In my first 2 years, I considered 
changing residencies dozens of times. 
Frequently, after a busy night on call, 
I was ready to become an anesthesi- 
ologist, or an emergency department 
physician, or a radiologist. Then I 
would spend a day in the operating 
room and become enthused about 
surgery again. The first 2 years of 
residency were frustrating. I became 
efficient at writing notes, drawing 
blood, starting intravenous therapy, 
and transporting patients, but I could 
not actually perform an operation. I 
had mastered breast biopsies and 
wound closures, but I did not feel 
much closer to being a surgeon than 
I had at the start. 

The third year was a real turning 
point. Somehow patients became 
more than isolated problems (another 
intravenous or another fever workup) 
and instead were now whole patients 
with interesting cases. As my respon- 
sibilities increased, I wanted to learn 
and perform better. I remember plac- 
ing a gastrostomy tube in my third 
year; it was not the first one I had 
done, but the first time I was expected 
to do it independently. I realized that 
although I still had vast amounts to 
learn, I had made progress. 

For me, each year of residency was 
better than the last. I remember, as a 
second-year resident, a fellow telling 
me that chief residency was the best 
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year of his life. Then, I could not imag- 
ine liking being on call every day, 
responsible for a service full of sick 
patients. Having completed the last 
year, I certainly agree that it was the 
best year of residency. We are brought 
a huge variety of cases and allowed 
to operate with experts interested in 
teaching us their skills. If given the 
chance, I would do it again. Surgery 
residency may be one of those situ- 
ations that we do not fully appreciate 
until its end. 

Many medical and surgical princi- 
ples were illustrated to me by indi- 
vidual patients. When Mr Locklear 
developed ventricular tachycardias af- 
ter surgery and responded to a 
thump, I learned that precordial 
thumps really did convert ventricu- 
lar tachycardias. Four years later, | 
saw him in clinic and asked him how 
he felt. “Fine,” he said, “except here 
where you hit me. Why did you do 
that?” 

I learned about arterial anatomy 
from Mr Hutton as I operated on all 
of his major blood vessels, many for 
the second and third time. I associate 
portal triad stab wounds with disas- 
ter 871. I finally learned his name but 
he always responded best to D-871. 

Coresidents are another group of 
people who influenced my training 
years. Some of the people with 
whom I started residency are now 
my best friends. Long hours and 
shared responsibilities built friend- 
ships among people who were very 
different. We were fortunate to have 
a brighter group of residents start 
every year, and we benefited from 
the exchange of wit and ideas within 
the group. 
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The associations and relation- 
ships developed with teachers, 
from fellows to professors, are 
probably the most lasting and most 
important aspect of residency. Al- 
though there are many influential 
physicians, some stand out, not 
only for their admirable patient 
care, but also for their clear and 
sound ideas. I find myself now try- 
ing to think and operate like them. 

During general surgery residency | 
grew up, graduating from the role of 
student to independent surgeon. On 
graduating from medical school, I had 
a general idea of the type of physi- 
cian I would become. Reading and 
learning about the technical aspects 
of operations was a major part of train- 
ing, but there were many other skills 
learned gradually over 5 years. I de- 
veloped my patient care styl2 through 
interactions with peers, nurses, and 
the patients themselves. | learned 
how to handle myself in the operat- 
ing room from attending surgeons 
and peers. I learned to organize and 
prioritize by facing long werk hours 
interrupted by emergencies. I was 
taught to be a useful consultant from 
those whom I consulted regarding 
my patients. These lessons will allow 
me to start and develop my surgery 
practice. 

I think of residency witha real sense 
of accomplishment. Certain things 
stand out, like my first emergency 
department thoracotomy ard several 
particularly complex trauma cases. 
Residency gave me a strong sense of 
self-reliance. Part of this comes from 
the knowledge that students, nurses, 
and other residents are looking to- 
ward you, and also from the knowl- 


edge that having accomplished what | 
you have thus far, there is no doubt 
you can do whatever else will be 
needed. 

Is it harder to do a general surgery 
residency as a woman? In some ways 
yes and in others no. I did my resi- 
dency at a fairly traditional program 
in the South, but we had residents 
there, both male and female, from 
many different cultures. There were 
times we felt accepted and others 
when we felt outside the “old-boy” 
network. My nonmedical interests, 
and even the way I handled things in 
the hospital, were very different 
from those of my male colleagues, 
and yet I was respected as a surgical 
resident. I know my acceptance was 
made easier by the women who pre- 
ceded me. 

It is difficult for anyone to spend 5 
years of a young adult life entirely 
focused on work, with no flexibility 
or time for much else, but certainly 
more so for a woman. By choosing to 
complete a general surgery residency, 
we postpone developing a family life 
while developing the skills necessary 
to become active, independent sur- 
geons. 

MAURINE A. WATERHOUSE, MD | 
Kansas City, Kan 


Dr Waterhouse received a BA degree 


from Stanford (Calif) University in 


1982 and an MD degree from the Uni- 
versity of Missouri, Columbia, in 
1986. She has just completed a general 
surgery residency at the University of 
North Carolina, (Chapel Hill), and is 
presently a resident in plastic and re- 
constructive surgery at the University 
of Kansas. 


Benefits of Carotid Endarterectomy Confirmed 


C arotid endarterectomy is highly 

beneficial for patients with re- 
cent hemispheric, transient ischemic 
attacks or non-disabling strokes and 
ipsilateral high-grade (70-99%) steno- 
sis.”! This conclusion stemmed from 
an interim analysis of results from 
the North American Symptomatic 
Carotid Endarterectomy Trial 
(NASCET), and has been widely 
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hailed as confirmation of the efficacy 
of surgery in preventing strokes. A 
brief review of the background for 
this report is in order. 

During the past several years, re- 
ports in the scientific and lay press 
and on national television have been 
critical of the use of carotid endart- 
erectomy in the treatment cf patients 
with extracranial cerebrovascular dis- 


ease, raising concerns as to its effec- 
tiveness in preventing strokes, alleg- 
ing its overuse, and quoting statistics 
on mortality and morbidity rates that 
are unacceptably high.* 

A number of measures were sug- 
gested to study these allegations. 
High on the list was the call for a 
prospective randomized controlled 
trial of carotid endarterectomy plus 
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best medical care vs bes: medical care 
alone to test the effectiveness of ca- 
rotid endarterectomy in the preven- 
tion of strokes. Consequently, sucha 
trial was undertakenby physicians in 
London, Ontario. The NASCET, 
headed by Henry Barnett, MD, was 
composed of 50 US and Canadian cen- 
ters with documented surgical and 
neurological expertise. Patients with 
transient ischemic attacks or mild, 
nondisabling strokes entered the trial 
and were randomized into two 
groups. One group received best 
medical care (principally, antiplatelet 


therapy) and the other group received 


best medical care plus carotid endar- 
terectomy. Both groups were followed 
up regularly at 3- to 4-month inter- 
vals. This trial was. funded by the 
National Institute of Neurological Dis- 
orders and Stroke ofthe National In- 
stitutes of Health. 

Results of an interim analysis were 
reported, as mentioned above, fol- 
lowed by a Clinical Alert from the 
National Institute of Neurological Dis- 
orders and Stroke to physicians deal- 
ing with these disorders. “Carotid en- 
darterectomy was found to be highly 
beneficial” for patients with 70% to 
99% narrowing of the internal carotid 
artery, and the trial. therefore, was 
abruptly halted for this particular 
group of 595 patients (300 surgical 
and 295 medical). It did not seem wise 
to deny the benefits of operation to 
the medical control group. 

The results of the interim analysis 
revealed a 5% perioperative stroke 
morbidity and mortality rate. This in- 
cluded a major stroke morbidity of 
slightly more than 2% and a mortal- 
ity rate of less than 1%. These are 
excellent results. During follow-up, 
averaging only 18 months, 24% of 
the medical patients and only 7% of 
the surgical patients experienced fa- 
tal or nonfatal strokes, including pe- 
rioperative mortality and morbidity. 
This represents a 71% reduction in 
the expected rate of stroke in favor of 
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the surgical group, a highly signifi- 
cant difference (P<.001). “Carotid en- 
darterectomy was beneficial in the 
prevention of any stroke of any se- 
verity in any territory.” 

This conclusion froma randomized 
trial is indeed gratifying and confirms 
the opinions (based on numerous clin- 
ical observations and reports) held 
for many years by surgeons involved 
in this field. The report is excellent 
news for numbers of patients har- 
boring atherosclerotic occlusive le- 
sions in the extracranial carotid ves- 
sels who may have strokes prevented 
by the proper application of carotid 
endarterectomy. 

Patients with lesser degrees of 
stenosis (30% to 69%) are still being 
evaluated in the NASCET. Asymp- 
tomatic patients with carotid stenosis 
are being studied in three other ran- 
domized trials. From data reported 
in a number of recent matched, but 
nonrandomized series,’ it is not un- 
likely that patients with asymptom- 
atic high-grade carotid stenoses (70% 
or greater) will be found to be at high 
risk for stroke, similar to those pa- 
tients in the NASCET, and may ben- 
efit from carotid endarterectomy. 

However, those physicians deal- 
ing with the treatment of cere- 
brovascular disease should not be- 
come complacent as a result of the 
NASCET report. Many of our prob- 
lems have not disappeared. While 
excellent results from the operation 
have been achieved in most re- 
ported series,* unacceptable results 
have also been reported. We must 
continue our efforts to upgrade 
poor performance and initiate 
methods to ensure correction. The 
situation can be remedied only by 
proper selection of patients for 
study and operation, skillful an- 
giography by experienced opera- 
tors, and proper intraoperative and 
postoperative treatment by sur- 
geons trained and experienced in 
the techniques of carotid surgery. 


Appropriate training can be best 
accomplished by _ postresidential 
vascular fellowships or residencies 
in approved programs. Surgeons 
already in practice must constantly 
update their knowledge by appro- 
priate continuing surgical educa- 
tion. 

Surgeons performing carotid pro- 
cedures should continuously moni- 
tor their results. In addition, institu- 
tional audits by peer review are nec- 
essary to document surgical perfor- 
mance to ensure high standards and 
to form the basis for appropriate cor- 
rective measures, when necessary, if 
substandard or unacceptable results 
become apparent. 

The NASCET report is confirma- 
tion that carotid endarterectomy is 
an established and worthwhile pro- 
cedure. It is now the responsibility of 
those physicians involved in the treat- 
ment of cerebrovascular disease to 
make sure that it is applied for ap- 
propriate indications and is properly 
performed with low and acceptable 
mortality and morbidity rates. Only 
in this way can the best interests of 
our patients be served. 

JESSE E. THOMPSON, MD 
Dallas, Tex 
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President’s Address 





Surgery and Surgical Education on the 
Pacific Coast in the 19th Century 


è This address is dedicated to Lyman 
A. Brewer III, MD—elegant, eloquent 
Pacific Coast Surgical Association re- 
corder, president, and historian. Dr 
Brewer spent most of his 38 
membership-years in the Pacific Coast 
Surgical Association on the Council 
with 9 years as recorder, 3 years as 
president-elect, president, and past 
president, and 10 years as historian. 
He was a brilliant, energetic leader 
and his two-volume History of the Pa- 
cific Coast Surgical Association stands 
as a monument to his deep interest and 
editorial skills. His enthusiasm for dis- 
covering and recording historical sur- 
gical facts was contagious, and it cer- 
tainly was a strong factor in my 
selection of the topic for this address. 
(Arch Surg. 1991;126:1180-1185) 


THE PERIOD OF EXPLORATION 
AND EARLY SETTLEMENT: 
1800-1850 


A’ the United States entered the 

19th century, the western half 
of North America was largely unex- 
plored and undeveloped. The Span- 
ish had established a significant cul- 
tural identity in California in the late 
1700s through military explorations 
and the chain of Franciscan missions 
established by Father Junipero 
Serra.! The missions extended from 
San Diego to San Francisco Bay and 
formed nuclei around which many 
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small settlements develeped. In 
1800, the Mississippi River formed 
the western boundary of the United 
States and Spain owned the Louisi- 
ana Territory to the west o€ the Mis- 
sissippi. After Thomas Jefferson be- 
came President in 1801, a series of 
international diplomatic maneuvers 
transferred the Territory -o France 
and then to the United States in 1803 
by the Louisiana Purchase. To gather 
information on the geography and 
natural resources of the arza and to 
survey a practical land-water route to 
the Pacific Ocean, Jefferson selected 
his close friend and private secretary, 
Captain Meriwether Lewis, and Cap- 
tain William Clark, a close friend of 
Lewis’, to jointly lead an exploration 
of the region. They set out on their 
8000-mile round trip to the Pacific 
and reached the mouth of the Co- 
lumbia River in November 1805, re- 
turning to St Louis, Mo, in Septem- 
ber 1806. The carefully recorded 
observations of the Lewis and Clark 
Expedition were most useful for sub- 
sequent exploration and develop- 
ment of the territory. 

In 1811, John Jacob Astor, the 
wealthy merchant of New York, sent 
out the Astor Expedition to develop 
a central trading post at the mouth of 
the Columbia River to organize and 
control the valuable fur trede in the 
Northwest. As a commercial ven- 
ture, the exploration was rot a great 
success, but it resulted in the foun- 
dation of Astoria—the first American 
settlement on the Pacific cast. 

In 1824, Dr John McLoughlin (Fig 
1) was sent by the Hudson’sBay Com- 
pany to be in charge of tre compa- 
ny’s activities in the Paci-ic North- 
west.? Dr McLoughlin was a power- 
ful, tall man and an energetic and 





humanitarian leader who served as 
the area’s only physician until 1833, 
although his principal duties were ad- 
ministrative rather than medical. In 
1825, he moved the company to a 
new settlement on the Columbia River 
a few miles east of the mouth of the 
Willamette River. This community 
was named Fort Vancouver after Cap- 
tain George Vancouver who had ex- 
plored the river for the British in 1792; 
itis now known as Vancouver, Wash. 

As administrative leader for the 
Hudson’s Bay Company, Dr 
McLoughlin served as the first to 
govern an American settlement in 
the far west. His firm, skillful, but 
benevolent, rule over the Native 
American (Indian) and white popu- 
lation earned him great respect and 
the well-deserved title “The Father of 
Oregon.” 

In 1833, Dr McLoughlin was joined 
at Fort Vancouver by Dr William 
Fraser Tolmie (Fig 2). Dr Tolmie had 
graduated with a degree in medicine 
from the University of Glasgow (Scot- 
land) in 1831 and entered the service 
of the Hudson’s Bay Company. He 
was sent by the company to Fort Van- 
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Fig 1.—Dr John McLeughlin (photograph 
courtesy of the Oregen Historical Society, 
Portland). 


couver to become the principal phy- 
sician in the area. He soon found need 
for his medical skiils and a few days 
after arriving, he was called on to 
treat an employee of the Hudson’s 
Bay Company who had sustained a 
severe axe wound of his foot. Profuse 
arterial hemorrhage was ultimately 
controlled by a thigh tourniquet and 
forceps occluding two briskly bleed- 
ing vessels in the foot. 

The patient had many severe com- 
plications with local and systemic in- 
fections. He was followed closely by 
Dr Tolmie and the progress of the 
gradually healing wound was care- 
fully recorded daily in detailed notes 
for several weeks. This was the first 
surgical case to be recorded in the 
Pacific coast area. 

In 1841 and 1842, Dr Tolmie was 
granted a leave ofabsence to study in 
the hospitals of London (England) 
and Paris (France). He returned to 
his post at Fort Vancouver and con- 
tinued to serve the American Indian 
and the immigrant American popu- 
lations as a fine physician. 

In June 1846, he was elected to the 
US House of Representatives from 
Lewis County, Wash. After moving 
to Victoria in 1859, he maintained his 
involvement in civic affairs and 
served as a member of the British 
Columbia legislature. He remained 
in the service of the Hudson’s Bay 
Company until 1870, when he retired 
to his large farm on Vancouver Is- 
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Fig 2.—Dr William Fraser Tolmie (photo- 
graph courtesy of the Oregon Historical 
Society, Portland). 


land. His son, the Honorable Simon 
Fraser Tolmie, became Premier of 
British Columbia. 

I now would like to turn my atten- 
tion to California and the events in 
the early 19th century. California be- 
came a province of Mexico in 1822 
when Mexico won its independence 
from Spain. The conquest of Califor- 
nia was accomplished in 1848 when 
the US military force led by General 
Winfield Scott won the Mexican War. 
The military campaign in California 
was conducted by forces of the US 
Navy and Army and the leaders 
included Commodore John Sloat, 
Commodore Robert Stockton, and 
Colonel John C. Fremont.’ 


1850 To 1875 


Following the discovery of gold in 
1848, Sacramento became not only the 
center for the population increase in 
the West but also the area’s principal 
medical center for the next decade.‘ 

Migration to the West by wagon 
train was accompanied by continu- 
ous hardships. Trauma was common 
on the Overland Trail. The most 
common traumatic accident was in- 
jury from being crushed under the 
Wheels of a moving wagon, and 
these injuries were often fatal. The 
next most common causes of severe 
injury and death were from the acci- 
dental discharge of firearms and by 
stampeding livestock. Mortality for 
the emigrants has been estimated at 





Fig 3.—Dr Elias Cooper (photograph cour- 
tesy of Lane Medical Library, Stanford, 
Calif). 


more than 5% of those who started 
for the West.° 

The population of Sacramento rose 
from 2000 to more than 10000 the 
first year after gold was discovered. 
The common illnesses encountered 
were scurvy, dysentery, and cholera, 
and they were related largely to mal- 
nutrition and the lack of sanitation in 
the overcrowded community. At this 
period in the development of medi- 
cal science, the causes of most dis- 
eases were unknown and the main 
treatments included purging, bleed- 
ing, and the use of leeches.‘ Sepsis 
was so routine that a compound 
fracture of a leg or arm was usually 
followed by death, and accordingly, 
amputation was the most common 
surgical operation to help prevent 
death. Even amputation was associ- 
ated with a 50% mortality. 

The first medical society in the far 
West was founded in 1850 by Sacra- 
mento physicians led by Dr J. D. B. 
Stillman whose son Dr Stanley Still- 
man ultimately became professor of 
surgery at Stanford (Calif) Univer- 
sity.° This 1850 Medical Society con- 
tinues today as the Sacramento-El 
Dorado County Medical Association. 
In 1856, a meeting was conducted in 
Sacramento to develop a California 
state medical society. The principal 
leaders of this effort were Dr Elias S. 
Cooper of San Francisco and Drs 
Thomas Logan and John Morse of 
Sacramento. The organization they 
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Fig 4.—Dr Hugh Toland (photograph cour- 
tesy of Lane Medical Library, Stanford, 
Calif). 


started is now the California Medical 
Association. 

Dr Elias Cooper had arrived in San 
Francisco in 1855 after several years 
of surgical practice in Illinois (Fig 3). 
He had attended medical school at 
Cincinnati, Ohio, and at St Louis (Mo) 
University where he obtained his MD 
degree. In 1857, he performed the 
first cesarean section in the West. In 
1858, in San Francisco, Dr Cooper 
formed the first medical school on 
the Pacific coast naming it the Med- 
ical Department of the University of 
the Pacific. The faculty of prominent 
physicians included Drs Beverly Cole, 
Henry Gibbons, J. F. Morse, and af- 
ter 1860, Dr Levi Cooper Lane who 
was Dr Cooper’s nephew.’ 

Dr Cooper offered a course in op- 
erative surgery on animals, giving 
students the opportunity to perfect 
operative techniques. The school 
graduated 28 students from 1859 to 
1864, but after Dr Cooper’s death at 
the age of 40 years, the school was 
disbanded for 6 years. It was subse- 
quently reorganized in 1872 as the 
Medical College of the Pacific with Dr 
Levi Cooper Lane as president. In 
1882, it was named Cooper Medical 
College which name it retained until 
it became the Stanford University 
School of Medicine in 1912. 

Another prominent San Francisco 
surgeon was Dr Hugh Toland who 
was born in South Carolina and ob- 
tained his MD degree in one of the 
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then-prominent American medical 
schools, Transylvania University in 
Lexington, Ky (Fig 4). He practiced in 
South Carolina and subsequently 
learned surgery on the wards of the 
great hospitals of Paris. He was said 
to have had great surgical and diag- 
nostic skills. He moved to San Fran- 
cisco in 1852 and developec a large 
practice with a significant preportion 
of surgical cases. He contributed 
many articles on surgical subjects to 
the Pacific Medical and Surgicai Journal, 
and in 1858 he reported a case in 
which he removed an enlarged thy- 
roid gland for pressure symptoms. 
The operation was done with chlo- 
roform anesthesia, and the patient 
made a fine recovery.® 

Dr Toland founded Toland Medi- 
cal College in 1864. In 1873, the 
Regents of the University of Califor- 
nia incorporated the College nto the 
University, and Hugh H. Tolend was 
appointed the first chairmar of the 
Department of Surgery. The surgical 
curriculum consisted primerily of 
lectures on the principles and prac- 
tice of surgery and also oœ some 
demonstrations of surgica. tech- 
niques on cadavers.’ 

The president of the University of 
California in 1873 was Dr Daniel Coit 
Gilman, one of America’s fcremost 
educators, who came from Yale Uni- 
versity to California. In the medical 
school, he implemented sound clin- 
ical teaching methods as well as em- 
phasizing basic science require- 
ments. His teaching methods 
included placing a medical studentin 
charge of the patient’s diagnostic and 
therapeutic program. The cas2 man- 
agement was supervised by an in- 
structor and discussed with class- 
mates and modified as indicated. 
From California, Dr Gilman went to 
Baltimore, Md, as the first president 
of The Johns Hopkins University 
where he introduced similar medical 
teaching methods and had much to 
do with that institution’s rap d and 
successful development of medical 
education and graduate treining. 
“Learning by doing” became the 
hallmark of medical and surgical in- 
struction at Johns Hopkins.’** 

In the 1860s, the Civil War domi- 
nated the lives of most Americans. 
The medical advances durirg the 
Civil War were clearly described in 
Dr William Blaisdell’s 1988 ’acific 
Coast Surgical Association presiden- 


tial address.’ These advances in- 
cluded attention to sanitation and 
hygiene, the screening and selection 
of operating surgeons based on judg- 
ment and skill, and the development 
of a nursing corps that revolution- 
ized the care of the sick and 
wounded. An efficient ambulance 
and hospital system was developed 
for movement and treatment of the 
wounded. General anesthesia 
gained acceptance and though used 
sparingly in the early war years, it 
was used routinely by the end of the 
war. The management of wounds 
was improved in many areas. Clean, 
well-ventilated, general hospitals 
were developed that helped decrease 
morbidity and mortality of those 
who were injured. 

Also in the 1860s, the landmark 
work of Dr Joseph Lister on the anti- 
septic principles in the practice of 
surgery was done in Glasgow and 
reported to the British Medical Asso- 
ciation.” His presentations were met 
with opposition and skepticism by 
the English surgical leaders, and his 
principles were not accepted and 
implemented widely for more than 
20 years. 

The Medical Department of 
Willamette University of Oregon was 
established in 1867. This represented 
the first attempt at medical education 
in the Northwest. The school enjoyed 
limited success. It moved from Salem 
to Portland in 1878, and ultimately 
back to Salem; it subsequently merged 
with the Medical Department of the 
University of Oregon.* 

In 1869, the first transcontinental 
railroad was completed. This set the 
stage for rapid development of trade, 
commerce, and western migration. 

In 1871, the medical profession in 
Los Angeles County was becoming 
organized and founded the Los An- 
geles County Medical Association." 
In the Northwest, the Oregon State 
Medical Society was founded in 1874 
and was largely responsible for im- 
proving the standards of medical care 
and education throughout the area. 


1875 To 1900 


Despite the rapid increase in the 
population of Los Angeles County to 
34000 in 1880, the development of 
medical education in southern Cali- 
fornia came slowly. The College of 
Medicine of the University of South- 
ern California, Los Angeles, was or- 
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Fig 5.—Dr Richard Hall (photograph cour- 
tesy of Dr George Higgins, Santa Barbara, 
Calif). 


ganized in 1885. It subsequently 
merged with the University of Cali- 
fornia to become the University of 
California, Los Angeles Department. 
The school ultimately closed in 1918. 
The first professor of surgery at the 
school was Dr Joseph Kurz who was 
born in Germany in 1842 and was 
graduated from the Toland Medical 
College in 1872. He studied in Eu- 
rope for several months in 1889, and 
the following year he presented the 
first California article on appendicitis 
to the California State Medical Soci- 
ety. His report was not of much 
interest since the novel subject was 
not yet mentioned in textbooks." 
Another bright surgical figure who 
appeared in southern California was 
Dr Richard John Hall (Fig 5). Dr Hall’s 
fascinating career was presented in 
1989 by Dr George Higgins of this 
association in a monograph entitled 
Hall of Cottage.*° Richard Hall was born 
in northern Ireland in 1856 and em- 
igrated to New York in 1867 with his 
family. His father was an eminent 
Presbyterian minister and served as 
pastor of some of the prominent 
churches in New York. Dr Hall was 
graduated from Princeton (NJ) in 1875 
at the age of 19 years and he began 
his medical training at the New York 
(NY) College of Physicians and Sur- 
geons. William Halsted had just fin- 
ished his undergraduate college ed- 
ucation at Yale and began his medical 
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education at the College of Physicians 
and Surgeons with Dr Hall. 

The two young geniuses became 
friends and collaborators. After fin- 
ishing medical school, Hall and Hal- 
sted worked together at Roosevelt 
Hospital in New York, NY, where Dr 
Hall served his internship and was 
appointed House Surgeon. Dr Hall 
subsequently spent a period of study 
time at the leading European medical 
centers in London, Heidelberg (Fed- 
eral Republic of Germany), and Vi- 
enna (Austria) working with The- 
odor Billroth and with Mikulicz. His 
friend Halsted was also in Vienna 
with him. 

In 1880, Dr Hall returned to 
Roosevelt Hospital where he and Hal- 
sted became directors of the Outpa- 
tient Department. In 1884, Hall and 
Halsted did experimental work to de- 
velop local and regional anesthesia 
using cocaine. They did experiments 
on themselves and on patients. As a 
result, Hall and Halsted became ad- 
dicted to cocaine. Halsted was ap- 
parently never able to break the ad- 
diction. Despite his addiction, Hall 
was able to continue productively for 
a time and on May 26, 1886, he pre- 
sented a report before the New York 
Clinical Society entitled “Suppurative 
Peritonitis due to Ulceration and Sup- 
puration of the Vermiform Appen- 
dix.” This presentation was published 
in the New York Medical Journal on 
June 12, 1886, and preceded the land- 
mark report of Reginald Fitz, the Bos- 
ton pathologist who presented 25 
cases linking the inflammation of the 
appendix to right-sided abdominal ab- 
scesses. In a desperate attempt to 
overcome his addiction, Dr Hall 
moved his family to Santa Barbara in 
1886. After 3 years of rest and reha- 
bilitation and a trip to Hawaii, he re- 
sumed the practice of surgery in 
1889—centered at Santa Barbara's 
Cottage Hospital. 

Dr Hall was Santa Barbara’s first 
surgeon, and he was a popular and 
public-spirited man. His practice 
grew rapidly and in 1895, 185 pa- 
tients were admitted to Cottage 
Hospital—102 of whom were Dr 
Hall’s surgical cases. 

Dr Hall became ill in early January 
1897 with abdominal symptoms. His 
condition worsened and he made a 
diagnosis on himself of appendicitis. 
There was no surgeon nearby with 
the knowledge of the surgical treat- 


ment of appendicitis. He, therefore, 
summoned his friend and surgical 
colleague, Dr Beverely McMonagle 
from San Francisco. Dr McMonagle 
was graduated from Harvard Medi- 
cal School (Cambridge, Mass) in 
1876, had established a national rep- 
utation as a surgeon, and was elected 
to the American Surgical Associa- 
tion. By the time Dr McMonagle ar- 
rived in Santa Barbara, Dr Hall was 
critically ill and died in the early 
postoperative period apparently of 
shock and sepsis. It is ironic that the 
brilliant surgeon who pioneered the 
treatment of appendicitis died of that 
disease because no other surgeon in 
the area was capable of performing 
the operation in a timely manner that 
would have saved his life. 

In the Northwest, several sur- 
geons were attracted to Portland, 
Ore.? Dr Henry E. Jones arrived there 
in 1874 and became one of Portland’s 
most prominent surgeons for the 
next 25 years. Drs Holt C. Wilson, 
John T. Wells, and Kenneth A. J. 
Mackenzie were all notable Portland 
surgeons in the 1870s who did much 
to raise the surgical standards of the 
region. Dr Mackenzie’s great contri- 
bution to Oregon medicine was his 
pivotal role in establishing the Med- 
ical Department of the University of 
Oregon in 1887 where he subse- 
quently served as professor of clini- 
cal surgery and later as dean of the 
school. The University of Oregon 
Medical Department had the advan- 
tage of close affiliations through its 
faculty with St Vincent Hospital and 
Good Samaritan Hospital, which 
provided a wide base of clinical 
teaching material. 

Dr Andrew C. Smith, a leading sur- 
geon in Oregon, was raised in Port- 
land, had his medical education in San 
Francisco at the Medical College of the 
Pacific, and spent several years prac- 
ticing and mining for gold in the Cal- 
ifornia Sierra foothills. He then spent 
several months in Glasgow, London, 
Paris, Vienna, and Berne, Switzer- 
land, with the master surgeons of Eu- 
rope. He had an enviable reputation as 
a surgeon of great ability, served on 
the surgical faculty at the University of 
Oregon, and is credited with the first 
subtotal thyroidectomy done in the 
Northwest in 1896.? 

In northern California, the Univer- 
sity of California and Cooper Medical 
College continued to provide a 
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Fig 6.—Dr Levi Cooper (photograph cour- 
tesy of Lane Medical Library, Stanford, 
Calif). 


splendid medical education. Dr Levi 
Cooper Lane, surgical department 
chairman at Cooper Medical College, 
was an energetic scholarly man who 
read medical publications and classic 
literature, spending 6 hours each 
night at his studies (Fig 6). He was an 
innovative surgeon and performed 
the first vaginal hysterectomy in the 
West in 1878.7" 

Surgical technique in the 19th cen- 
tury was taught principally by ap- 
prenticeship as well as anatomic 
dissections and surgical demon- 
strations.'° Dr Lane invited two tal- 
ented graduates of Cooper Medical 
College to join him as preceptees and 
subsequently to join him in his prac- 
tice. These two men, Emmet Rixford 
(Fig 7) and Stanley Stillman (Fig 8), 
became outstanding surgeons and 
educators, and they remained with 
Dr Lane until his death. Both became 
professors of surgery at Stanford 
Medical School and each subse- 
quently served as president of the 
Pacific Coast Surgical Association. 
Certainly, the preceptorship in the 
hands of Dr Lane was a most suc- 
cessful method of surgical training. 

In 1883, a young Sacramento sur- 
geon, Dr Thomas W. Huntington, 
presented a report to the California 
Medical Society on the “Methods 
and Results of Antiseptic Surgery.”° 
Dr Huntington was graduated from 
Harvard Medical School in 1876 and 
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Fig 7.—Dr Emmet Rixford (photograph 
courtesy of Lane Medical Library. Stanford, 
Calif). 


had served 2 years as an intern at the 
Massachusetts General Hospital, Bos- 
ton. He then went west te practice 
surgery in Elko, Nev, for sev2ral years 
where he developed a private surgi- 
cal practice that included zonsider- 
able work for the Central Pacific Rail- 
road. He was an enthusiastic disciple 
of Sir Joseph Lister and applied List- 
er's methods to his surgical practice. 
He subsequently came to Sacramento 
and became the director of tne South- 
ern Pacific Railroad Hospital in Sac- 
ramento where his work involved ex- 
tensive experience with inj.ries and 
infections sustained by the railroad 
workmen. Experience with amputa- 
tion of limbs for treatmen: of com- 
pound fractures was accom anied by 
a 40% mortality in the best >f hands. 
The mortality for such amoutations 
was reduced to 5% by Dr Huntington 
using antiseptic methods. 

In 1891, he performed the first 
successful appendectomy in the 
West for appendicitis at the railroad 
hospital. Also in 1891, he was presi- 
dent of the Sacramento Medical 
Society and reviewed tne rapid 
progress of surgery using aseptic 
techniques. Operations or the gas- 
trointestinal tract, uterus, and gall- 
bladder were being performed fre- 
quently with a continuing decrease 
in fatality rate. By 1897, he had per- 
formed more than 200 hernia opera- 
tions without a mortality (Fig 9). 


a 


Fig 8.—Dr Stanley Stillman (photograph 
courtesy of Lane Medical Library, Stanford, 
Calif). 





Fig 9.—Dr Thomas Huntington (photo- 
graph courtesy of Lane Medical Library, 
Stanford, Calif). 


In 1899, Dr Huntington was ap- 
pointed chairman of the Department 
of Surgery at the University of Cali- 
fornia in San Francisco. He subse- 
quently served as president of the 
American Surgical Association in 
1917, and he was elected to member- 
ship in the Pacific Coast Surgical As- 
sociation as an honorary member in 
1925, just 4 years before his death. 
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This remarkable scholar and gentle- 
man was the true renaissance sur- 
geon, leading his profession in the 
West during a period of unusually 
rapid change and progress. 

The sturdy and mnovative nature 
of western pioneers in the 19th cen- 
tury has been well documented in 
countless tales of adventure and ac- 
complishment. Certainly these re- 
sourceful, brilliant surgical pioneers 
whose efforts I have reviewed de- 
serve special credit for establishing 
the basic groundwork from which 
surgery and surgical education on 
the Pacific coast has continued to 
grow and flourish. 


Nancy Zinn, MSLS, Department of the 
History of Health Sciences University of 
California, San Francisco, Betty Vadebon- 
coeur, MLS, Lane Medical Library Stanford 
University School of Medicine, and Gert H. 
Brieger, MD, PhD, Director, Institute of the 
History of Medicine, The Johns Hopkins 
University School of Medicine, gave assis- 
tance in obtaining material for this address. 
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Bile Duct Carcinoma in the Elderly 


A Rationale for Surgical Management 


Kimberly Saunders, MD; Ronald Tompkins, MD; William» Longmire, Jr, MD; Joel Roslyn, MD 


è Recent studies have advocated the nonoperative treat- 
ment of elderly patients with bile duct cancer using biliary 
endoprostheses. In addition to a 30-day mortality rate of 
9%, disadvantages with this approach include lack of a de- 
finitive diagnosis and the inability to assess resectability. For 
comparison, we reviewed 42 consecutive cases of bile duct 
cancer managed surgically at UCLA (from 1954 to 1988) 
among patients age 70 years or older. Histologic confirma- 
tion of bile duct cancer was obtained for 40 surgical patients 
(95%) in the series. The 30-day mortality rate was 10%. 
There was a trend to more aggressive surgical management 
during the study, with a concomitant doubling in survival 
rates (from 21% among patients treated between 1954 and 
1978 to 53% among patients treated between 1979 and 
1988 at 1 year after surgery.) We conclude that elderly pa- 
tients should not be denied surgical evaluation of malignant 
neoplasms of the bile duct simply on the basis of age. 
(Arch Surg. 1991;126:1186-1191) 


arcinoma of the extrahepatic biliary tract represents 

one of the most challenging diseases faced by 
abdominal surgeons. The proclivity of these lesions for 
the hepatic bifurcation with attendant involvement of ad- 
jacent vascular structures often makes their extirpation 
difficult.! Despite these difficulties, surgery remains the 
mainstay for treating this disease and the only chance for 
cure. In our recent series? of 90 patients with bile duct 
cancer treated at the UCLA Medical Center from 1979 to 
1988, 80% of patients who underwent tumor resection 
were alive 1 year after surgery compared with 57% of pa- 
tients who underwent palliative procedures; moreover, 


thë only 5-year survivors in the series were patients who 





>is St¥eral recent studies,®? however, have advocated 
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nonsurgical management of malignant biliary obstruction 
using biiary endoprostheses placed either endoscopically 
or via the percutaneous transhepatic route. Nonoperative 
biliary decompression has been particularly advocated for 
the treetment of elderly patients in whom results of 
radiographic studies indicate lack of tumor resectability.’ 

Nonoperative management appears to offer several 
advantages, particularly for elderly patients. Patients 
treated with biliary endoprostheses alone have shorter 
initial hospital stays than those who undergo surgical de- 
compression.’ Moreover, insertion of biliary endopros- 
theses has been associated with a lower incidence of 
procedtre-related morbidity and a 30-day mortality rate 
of between 9% and 15%, which has been favorably com- 
pared with mortality rates of 20% to 33% for elderly pa- 
tients treated via surgical decompression.° 

Nonoperative management, however, has several po- 
tential disadvantages that should be considered. In ap- 
proximetely 70% of cases, a definitive histologic or cyto- 
logic diagnosis is not obtained.’ Furthermore, the lack of 
tumor resectability is established via indirect radiographic 
means. Even with the sophisticated cholangiographic 
technigaes currently available, bile duct tumors, which 
tend to be small, focal adenocarcinomas, can be difficult 
to diagmose radiographically and even harder to stage. 
Finally,.a recent study” suggests that nonoperative biliary 
decompression may be associated with a poorer quality of 
life tham operative decompression when factors such as 
frequency of hospital readmissions, incidence of catheter- 
related oroblems, and postprocedural pain and jaundice 
are taken into account. 

Advocates of nonoperative management of malignant 
neoplasms of the bile duct have emphasized its use in 
elderly patients, who are presumed to be poor surgical 
candidetes and in whom the risks of an aggressive surgi- 
cal approach may outweigh the benefits.’ However, 
informetion pertaining to the outcome of elderly patients 
with bie duct tumors treated surgically has not been 
availabk. These data are essential to the formulation of an 
optimal treatment strategy for elderly patients. The aim of 
this study was to define the natural history and outcome 
of bile duct cancer in a population of elderly patients. 


MATERIALS AND METHODS 


Among the 186 consecutive patients with proven carcinoma of 
the bile duct treated at the UCLA Medical Center between No- 
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*Values represent means. 


vember 1954 and December 1988, 42 patients (23%) aged 70 years 
or older were identified. The oldest patient in the study was 89 
years old. The male-female ratio was 0.9:1 (20 men and 22 
women). Thirty-four patients (81%) were white; three (7%), 
Hispanic; and five (11%), of other races. 

Data from at least 1 year of follow-up were available for 36 pa- 
tients (86%) in the study, with most of these 36 patients (31 pa- 
tients [85%]) being sollowed up until their deaths. For the 
remaining five patients, mean follow-up was 25 months (range, 
13 to 43 months). 

Data were analyzec with respect to demographic factors, clin- 
ical presentation, tumor location as suggested by Longmire," 
histologic confirmation, diagnostic evaluation, operative proce- 
dure, use of adjuvanttherapy, and survival. Statistical analyses 
were performed using Fisher's Exact Test, and differences were 


_ considered significan: at the 5% probability level. 


RESULTS 
Clinical Presentation 


Jaundice was the most common symptom at clinical 
presentation and was present in 41 patients (98%). As ex- 
pected, results of liver function tests confirmed an ob- 
structive pattern (Table 1). Interestingly, the mean serum 
total bilirubin value among elderly patients was nearly 
double that of younger patients with bile duct cancer 
treated at our institution during the same period (280 vs 
152 pmol/L). This difference likely reflects the relative 
inability of the liverto handle bilirubin overload in elderly 
patients. Also, in centrast with the younger patient pop- 
ulation with bile duct cancer, abdominal pain was a less 


_ prominent symptom in elderly patients (13 [31%] of 41 


patients older than age 45 years vs 11 [46%] of 23 patients 
45 years old or youmger).” Elderly patients complained of 
weight loss (16 patients [38%]) and pruritus (14 patients 
[33% ]) with approximately equal frequency. 


Tumor Location 


The anatomic location of bile duct tumors among eld- 
erly patients in the-study are depicted in Fig 1. Based on 
criteria previously described by Longmire," upper-third 
lesions included those at the confluence of the right and 
left hepatic ducts with the common hepatic duct and ac- 
counted for most lesions in this series (27 patients [64%]). 
Middle-third tumors, between the cystic duct and the 
pancreas, occurred in six patients (14%), and five patients 
(12%) had tumors ef the lower third, or intrapancreatic, 
portion of the bile cuc:. Diffuse, multicentric lesions con- 
stituted 10% of tumors. This distribution is typical of that 
reported by other centers treating a large number of pa- 
tients of all ages with biliary cancer. !*5 


Histologic Confirmation 


Among the 42 elderly patients in the series, 40 under- 
went exploratory laparotomy, usually accompanied by a 
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Fig 1.—Anatomic distribution of extrahepatic bile duct tumors in 
elderly patients. 


resection or drainage procedure (specific procedures are 
discussed later in this article). Of these surgically treated 
patients, the diagnosis of adenocarcinoma was confirmed 
on histologic examination in 38 (95%). Two patients in the 
series who were unsuitable for surgery were treated us- 
ing percutaneous drainage alone. Results of cytologic ex- 
amination failed to confirm the diagnosis in both cases. 


Diagnostic Evaluation 


During the study period, 1954 to 1988, advances in di- 
agnostic radiology dramatically changed the preoperative 
evaluation of patients with malignant obstructive jaun- 
dice. Therefore, for further analysis, the 42 elderly pa- 
tients in the series were divided into two groups: grou 
1 contained the 20 patients treated between 1954 and 1978, 
and group 2 contained the 22 patients treated between 
1979 and 1988 (Table 2). Whereas patients in group 1 were 
most likely to have been evaluated using an upper 
gastrointestinal series or a transjugular cholangiogram, 
these procedures have been largely superceded by more 
sophisticated imaging techniques during the recent de- 
cade. Most patients in group 2 were initially evaluated 
using ultrasound examination and/or computed tomog- 
raphy, followed by either transhepatic cholangiography 
or endoscopic retrograde cholangiopancreatography. 
Moreover, the introduction of routine intraoperative 
ledochoscopy in the early 1970s greatly improved Si 
traoperative assessment of disease extent and dog tio 
and its increasing use has facilitated better patient se 
tion.’ . 


Surgical Procedures 


During the study period, the percentage of pa: 
suitable for tumor resection increased only slightly < 
20% of group 1 patients to 23% of group 2 patients; Fig 2). 
Among the nine patients in the series who underwent re- 
section, four Whipple procedures and five hepaticoje- 
junostomies were performed. In contrast, unresectable le- 
sions in group 2 patients were managed more 
aggressively than lesions in group 1 patients, with the 
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-Diagnosic Studies Performed in Elderly 
ients With Bile Duct Carcinoma” 
Group 1, 
1954 to 1978 
(n= 20) 








Group 2, 
1978 to 1988 
(n= 22) 












Ultrasound 3 (15) 18 (82) 
Transhepatic 

cholangiography 3 (15) 15 (68) 
Computed tomography 0 13 (59) 
ERCP 1 (5) 12 (55) 
Choledochoscopy 1 (5) 9 (42) 
Upper GI series 9 (45) 0 
Transjugular 

cholangiography 8 (40) 0 





*Values are number (percentage) of patients. GI indicates gas- 
trointestinal, and ERCP, endoscopic retrograde cholangiopancre- 
atography. 
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Bypass Resection 





Resection 


PTD 


Exploratory. Laparotomy/ 
Tube Drainage 


Exploratory Laparotomy/ 
Tube Drainage 


Fig 2.— Comparison of the management options selected for elderly 
patients with bile duct carcinoma. Left, Group 1 patients were 
treated between 1954 and 1978 (n = 20). Right, Group 2 patients were 
treated between 1979 and 1988 (n=22). While the percentage of 
patients who underwent resection increased only slightly (from 20% 
for group 1 to 23% for group 2), group 2 patients with unresectable 
lesions were treated more aggressively than group 1 patients with 
unresectable lesions, with 32% undergoing palliative bilioenteric 
bypass procedures compared with 15% of group 1 patients. Con- 
comitantly, the percentage of patients who underwent only explor- 
atory laparotomy and tube drainage decreased from 65% for group 
1 to 36% for group 2. Two patients in group 2 were unsuitable for 
surgery and underwent only percutaneous transhepatic drainage 
(PTD). 


percentage of palliative bilioenteric bypass procedures 
performed more than doubling during the study period 
(32% in group 2 patients vs 15% in group 1 patients). A 
total of 10 elderly patients in the study underwent pallia- 
tive bypass procedures with either U-tubes or T-tubes left 
in place for biliary drainage (two hepaticojejunostomies, 
five choledochojejunostomies, and three cholecystoje- 
junostomies). Concomitant with the increased percentage 
of palliative bypass operations performed during the 
study period, the fraction of patients with unresectable 
lesions treated with exploratory laparotomy and tube 
drainage alone decreased from 13 group 1 patients (65%) 
to eight group 2 patients (36%). Two previously discussed 
patients were not surgical candidates and underwent 
placement of percutaneous transhepatic drainage tubes. 

Among the 42 elderly patients in the study, four died 
within 30 days of treatment (three after exploratory lap- 
arotomy and tube drainage one after a palliative hepati- 
cojejunostomy), producing a postoperative mortality rate 
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Fig 3.— Comparison of the survival curves for elderly patients with _,_ 
bile duct cancer treated between 1954 and 1978 (group 1, solid line, $ 
n=20) with those treated between 1979 and 1988 (group 2, broken 
line, n=22). Asterisk indicates P<.05 (group 2 vs group 1). 


of 10%. The same number of deaths occurred at surgery 
for groups 1 and 2. The postoperative complication rate 
decreased from 71% for group 1 patients to 50% for group 
2 patients, presumably because of improvements in post- 
operative care. Surprisingly, the 50% morbidity rate 
among elderly patients treated between 1979 and 1988 
was equivalent to that observed among patients aged 45 
years or younger treated at our institution during the 
same period.” 


Adjuvant Therapy 


Adjuvant therapy was individualized based on extent 
of residual disease and the existence and severity of 
comorbid conditions. Overall, 12 patients (29%) received 
adjuvant therapy. The percentage of patients who re- 
ceived chemotherapy (5-fluorouracil) remained constant 
during the study (15% of group 1 and 14% of group 2 pa- 
tients). The use of adjuvant radiation therapy increased 
from 10% of group 1 patients to 36% of group 2 patients. 
Radiation therapy generally consisted of 40 Gy delivered 
by external beam +20 Gy delivered via iridium wires. 


Survival 


Figure 3 compares overall survival rates of group 1 pa- 
tients with those of group 2 patients. Survival rates more 
than dcubled during the study period. These differences 
were statistically significant 1 year after surgery, at which 
time 12 group 2 patients (53%) were alive compared with 
four group 1 patients (21%; (P<.05). Two patients in 
group 2 were still alive 3-years after treatment and require 
future follow-up to determine their ultimate survival. 

An analysis of survival rates among elderly patients 
who underwent surgery to treat bile duct cancer is 
provided in Fig 4. As expected, elderly patients whose 
tumors were resected tended to live longer than patients 
who did not undergo resection. Among patients given 
palliative treatment, those who underwent bilioenteric 
bypass procedures had slightly higher survival rates dur- 
ing the first year than those who did not, however, none 
of these patients were alive 2 years after treatment. The 
lack of statistical significance in the differences among 
treatment groups is likely owing to the small number of 
patients in each subgroup. 

A marked improvement in 1-year survival rates among 
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Fig 4.— Survival of elderly patients with bile duct cancer according 
to operative procedure performed. Resection indicates curative tu- 
mor resection; bypass, palliative bilioenteric bypass; and laparot- 
omy, exploratory laparotomy and tube drainage. 


elderly patients occurred during the study (Fig 5). Among 
group 2 patients who underwent resection, 18 (80%) were 
alive 1 year after surgery compared with seven group 1 
patients (33%). A similar trend was apparent among pa- 
tients who underwent bilioenteric bypass procedures, 
with 13 group 2 patients (60%) alive 1 year after the pro- 
cedures, while no group 1 patients who underwent 
bypass procedures were alive 1 year after treatment. 
These trends likely reflect both improvements in postop- 
erative care and better patient selection for a particular 
procedure. 


COMMENT 


Bile duct tumors continue to present an enormous 
technical challenge to abdominal surgeons. A certain de- 
gree of hesitation before committing any patient, but par- 
ticularly those aged 80 years or older, to a potentially 
high-risk operation is warranted. However, this study of 
bile duct tumors in 42 patients aged 70 years or older in- 
dicates that surgical management of these lesions in the 
elderly can be performed with relatively low rates of 
morbidity and mortality. Moreover, recent advances in 
the diagnostic evaluation of patients presenting with ma- 
lignant obstructive jaundice have facilitated patient selec- 
tion for procedural alternatives, and the resulting 
dramatic improvements in survival after surgical man- 
agement are encouraging. 

Advocates of nonoperative management of elderly pa- 
tients with bile duct tumors emphasize the lower mortal- 
ity rates achievable using endoscopically and percutane- 
ously placed biliary endoprostheses compared with those 
traditionally achieved with surgical palliation.® In a recent 
study,’ the mortality rate among patients with malignant 
biliary obstruction (any cause) randomized to undergo 
biliary decompression via endoscopic biliary prosthesis 
was 9% vs 20% among those who underwent conven- 
tional surgical bypass procedures. In other series, endo- 
scopically placed stents have had associated mortality 
rates of between 10% and 15%,°’ with percutaneous 
transhepatic drainage carrying a somewhat higher mor- 
tality rate (between 8% and 33%).** In this study, which 
included not only patients who underwent palliative 
procedures, but also patients who underwent resection, 
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Fig 5.— Comparison of 1-year survival rates for patients in group 1 
(open bars; treated between 1954 and 1978) and group 2 (closed 
bars; treated between 1979 and 1988) according to operative proce- 
dure performed. Resection indicates curative tumor resection; by- 
pass, palliative bilioenteric bypass; and laparotomy/PTD, explor- 
atory laparotomy and tube drainage or percutaneous transhepatic 
drainage. 


the 30-day mortality rate was 10%, which is comparable 
with that achieved with nonoperative management. 

A definitive histologic diagnosis was obtained in 95% of 
surgical patients in this study. In most patients with ma- 
lignant biliary obstruction managed nonoperatively, a 
histologic or cytologic diagnosis is not obtained until au- 
topsy.°’ In the case of malignant biliary obstruction due 
to pancreatic carcinoma, a clinical diagnosis can be made 
with greater certainty based on the radiographic findings, 
and fine-needle aspiration not infrequently confirms clin- 
ical suspicions. Cholangiocarcinoma, however, repre- 
sents a more difficult diagnostic dilemma. Bile duct 
tumors are typically small, focal lesions that can mimic 
benign disease of the biliary tract radiographically.” Re- 
sults of cytologic examination of samples obtained via 
biliary catheters often fail to confirm the diagnosis of car- 
cinoma (as was the case in two patients in this study). 
Thus, it is often difficult to diagnose these lesions with 
certainty based on the results of preoperative evaluation 
alone. 

During this 34-year study, there was a trend to more 
aggressive treatment of elderly patients with bile duct 
cancer. Concurrent with this trend was a dramatic im- 
provement in patient survival, particularly among pa- 
tients who underwent tumor resection or palliative bil- 
ioenteric bypass. During the study, the overall survival of 
elderly patients doubled. Furthermore, the 1-year sur- 
vival rate of 80% among group 2 patients who underwent 
resection was particularly high. Several factors likely 
contributed to these results, and perhaps most important 
were improvements in both postoperative care and mon- 
itoring in intensive care units and better patient selection. 
Recent advances in preoperative radiographic imaging, 
including computed tomography and transhepatic cho- 
langiography, now provide the clinician with an unprec- 
edented level of preoperative information. Added to 
these data are findings from intraoperative choledochos- 
copy, which is now used routinely to assess disease extent 
throughout the biliary tree. These advances facilitate pa- 
tient selection for a given procedure and ensure the best 
possible outcome. 

Clearly, most patients with bile duct cancer will not be 
candidates for tumor resection because of anatomic con- 
siderations and disease extent. For most, 77% in this 
study, management strategies focus on providing the best 
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possible form of palliative biliary drainage. Several op- 
tions are available, including, “palliative resection,” pal- 
liative bypass, surgical intubation, and nonsurgical (per- 
cutaneous or endoscopic) intubation. A recent study” in 
which quality of life was evaluated after biliary decom- 
pression via different means, patients who underwent 
surgical decompression had a higher quality of life after 
surgery than patients treated nonsurgically when factors 
such as catheter-related cholangitis, relief of jaundice, 
postoperative pain, and hospital readmissions were con- 
sidered. Patients who underwent resection had the high- 
est quality of life, followed by patients who underwent 
surgical intubation. 

Nonoperatively placed biliary endoprostheses have a 
role in the treatment of elderly patients with bile duct tu- 
mors, particularly in those who are not surgical candi- 
dates based on their degree of comorbidity. However, this 
study indicates that surgical management of bile duct tu- 
mors in elderly patients provides an opportunity for a 
definitive diagnosis, the best possible patient selection, 
improved long-term survival, and the only chance for 
cure. Moreover, bile duct tumors in a population of eld- 
erly patients can be managed surgically with relatively 
low mortality rates. Therefore, we believe that elderly 
patients should not be denied surgical evaluation simply 
on the basis of age. 


This study was supported by the Claude E. Welch Research Fel- 
lowship, Department of Surgery, Massachusetts General Hospital, 
Boston (Dr Saunders) 
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Discussion 
HENRY A. Pitt, MD, Baltimore, Md: The first important mes- 
sage of <nis article is that surgical palliation of patients with cho- 
langioce-cinoma can be carried out safely in the elderly. This 
lesson was first taught to me when I was on the faculty at UCLA. 
As the senior author of this paper approached the age of 70, it 
became obvious to those of us who worked with him that “age” 


was a relative thing. The term elderly patient, defined as age - 


greater ‘han 70 in this article, was once defined as a patient older 
than his surgeon. 

In cor parison, for many years at Johns Hopkins an unwritten 
rule hac been that major hepatopancreatobiliary surgery should 
not be =erformed in patients older than 70. In recent years, 
however, this rule has changed. Twenty of 96 patients with 
proximal cholangiocarcinomas who underwent surgery at Johns 
Hopkins from 1973 through 1988 were older than 70. Thus, in 
terms of percentage of elderly patients, the Hopkins and UCLA 
series ar2 now quite similar. Moreover, at this time, we com- 
pletely agree with the UCLA group that, when deciding whether 
to opera-e, a patient’s age is not as important as his general 
medical condition. | 

The second important theme of this article is that surgical pal- 
liation of patients with proximal cholangiocarcinoma may be su- 
perior to nonoperative palliation. Endoscopic placement of an 
endopresthesis may be very difficult in patients with hilar 
obstruction. In the process, bacteria may be introduced into the 
proximal biliary tree without adequate drainage of all obstructed 
segments. This situation often leads to severe sepsis, multiple 
organ felure, and death. In addition, percutaneously placed 
catheters are generally smaller and stiffer than those placed op- 
eratively and, therefore, are usually more uncomfortable for the 
patient. Moreover, indwelling endoscopic or percutaneous en- 
doprostheses routinely become clogged in a matter of months 
and, at “mes, can be difficult to change in patients with proxi- 
mal biliary tumors. In comparison, operatively placed transhe- 
patic stemts can be easily changed over a guide wire. 

An important question remains, however, as to which patients 
should be explored and which ones would be better served by 
nonopetative palliation. Like the authors, we have staged our 
patients using CT scans and cholangiograms. However, for the 
past 5 years, we have also been performing preoperative angio- 
grams reatinely. ‘A recent analysis in 65 patients suggested that 
angiography is actually more accurate than CT scans and 
cholangigraphy in predicting resectability. Would the authors 
commer*® on the role of preoperative arteriography in their pa- 
tients? 

Despite staging as described, we have found that 15% of our 
patients have liver or peritoneal metastases at the time of 
laparotomy. Has the authors’ experience been similar? Although 
once comsidered slow-growing, survival curves for proximal 
cholangiwcarcinoma suggest the opposite. This observation has 
led some groups to recommend major liver resections, including 
the caudate lobe, whereas others have recommended liver 
transplantation. Would the authors comment on the role of these 
more ag=ressive surgical techniques in both their elderly and 
younger patients? 

Finally the authors have employed postoperative radiother- 
apy in 3% of their recent cases. We have been concerned that 
none of -he data on postoperative radiotherapy are properly 
controlled. Therefore, we have been conducting a prospective, 


<? 


m 


randomized trial to determine whether the potential survival — 
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benefits outweigh the late risks of duodenal and liver problems. 
In which patients with cholangiocarcinoma are the authors 
presently recommending postoperative radiotherapy? 

Dr ROSLYN: Dr Pitt asked about patient selection and the role 
of angiography. We have not used visceral angiography as a 
preoperative tool in assessing patients for resectability because 
of our concern over the risk of a false-positive study that might 
exclude a patient from undergoing a curative resection. There is 
also a risk of renal failure in elderly patients who are jaundiced 
from a dye load with visceral angiograms. 

It is our feeling that we can perform and provide better oper- 
ative palliation for these patients even if they have an incurable 
lesion with a bilioenteric bypass and placement of hepatic tube 
than can the endoscopist and radiologist. 

Approximately 20% of the patients in this study had hepa- 
toduodenal ligament involvement with tumor. Patients who had 
diffuse peritoneal metastases did not have a palliative bypass. 

Two patients in this series were found to have diffuse perito- 
neal metastases; in one patient, we put in a T-tube, and, in the 
other patient, we just dosed. 

The presence of local tumor involvement in the hepatoduode- 


_ nal ligament does not necessarily preclude extirpation if a resec- 


tion can be safely performed. This may offer not only the best 
palliation, but the only chance for cure. 
There have been a number of recent articles from this country 
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as well as from Europe and Japan suggesting that major hepatic 
resection and transplantation should be considered in patients 
with bile duct tumors. We have not followed this approach for 
the elderly patients, but for younger patients these are issues 
that need to be addressed in the future. 

The concern with liver transplantation has been local recur- 
rence within the grafted liver. Both at the University of Pitts- 
burgh and at our own institution, the recurrence rate of cholan- 
giocarcinoma in the transplanted patient is quite high. 

In the last 10 years, 50% of patients in our institution with bile 
duct tumors have undergone radiation therapy. Approximately 
10% to 15% have also undergone chemotherapy. The basis for 
selection has to do with the patient’s general medical condition 
and ability to tolerate the radiation therapy. In the patient who 
is in reasonably good health and has a small relatively confined 
lesion, albeit unresectable, we would recommend radiation 
therapy. 


This group of patients (defined by age) is a subset of a larger and 
previously reported series (reference 2). The ARCHIVES recog- 


nizes this well-controlled study by an excellent group of pioneer- 
ing hepatobiliary surgeons. —C.H.O. 
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Endoscopic Cholecystectomy 


An Analysis of Complications 


Bruce M. Wolfe, MD; Barry N. Gardiner, MD; Barbara F. Leary, PA-C, MHS; Charles F. Frey, MD 


è We analyzed our initial 381 endoscopic cholecystecto- 
mies with particular emphasis on postoperative complica- 
tions. The rate of conversion to open cholecystectomy was 
3%. A technical complication occurred in 2% and a non- 
technical complication in 4%, for a total complication in- 
cidence of 6%. There were three postoperative fatalities 
(0.9%). Two fatal technical complications consisted of un- 
recognized intestinal injuries at the time of endoscopic 
cholecystectomy that were obvious when the abdomen was 
opened. One patient died of a cerebrovascular accident. 
Nonfatal technical complications included five bile leaks 
that required treatment. There were no common bile duct 
injuries, but excessive caution to prevent common bile duct 
injury may have contributed to the high incidence of bile 
leaks. Examination of the case numbers of the technical 
complications and conversion to open cholecystectomy 
suggests that the learning curve is real and somewhat pro- 
longed, and that a willingness to convert to open cholecys- 
tectomy is necessary if technical complications are to be 
avoided. 
(Arch Surg. 1991;126:1192-1198) 


T high prevalence of cholelithiasis and a desire among 
both patients and physicians to avoid the potential 
complications and the postoperative pain, disability, and 
scarring of cholecystectomy have led to major efforts to 
develop alternative treatments for symptomatic gall- 
stones. Limited efficacy and recurrence of the gallstones 
in the retained gallbladder have diminished enthusiasm 


_ for gallstone dissolution with or without lithotripsy.’ 


Endoscopic cholecystectomy is a recently developed 
technique that accomplishes cholecystectomy but avoids 
the traditional upper-abdominal incision.*? Advantages 
of endoscopic cholecystectomy usually include dimin- 
ished postoperative pain, shorter hospitalization and as- 
sociated cost, more rapid recovery and return to full ac- 
tivity or employment, and a superior cosmetic result.** 


Accepted for publication July 9, 1991. 

From the Department of Surgery, University of California, Davis, 
Sacramento. 

Presented at the 62nd Annual Scientific Session of the Pacific 
Coast Surgical Association, Pebble Beach, Calif, February 18, 1991. 

Reprint requests to Department of Surgery, University of Cali- 
fornia, Davis, 4301 X St, Room 2310, Sacramento, CA 95817 (Dr 
Wolfe). 


1192 Arch Surg—Vol 126, October 1991 


The new technique appeals to patients with gallbladder 
disease, but the incidence of complications associated 
with it has not been adequately identified. The potential 
for complications is high, as the technique is evolving. 
Demane for the procedure has required rapid training 
and crecentialing of many surgeons with varying experi- 
ence in endoscopy and the use of instruments that allow 
only limited visualization of the abdominal structures. 
Critical cnalysis of the results of endoscopic cholecystec- 
tomy with comparison with traditional or open cholecys- 
tectomy is therefore necessary. This report presents our 
experience with the first 381 patients in whom endoscopic 
cholecystectomy was undertaken at the University of 
California, Davis, Medical Center, Sacramento, and asso- 
ciated hospitals. 


PATIENTS AND METHODS 


We per-ormed cholecystectomy as the primary procedure at 
the University of California, Davis, Medical Center, affiliated 
teaching 1ospitals of the University of California, Davis, or 
community hospitals in 399 patients between February 1990 and 
January 1991. All of our patients who underwent cholecystec- 
tomy as 2 primary operative procedure were included in the 
study. Open cholecystectomy was done as the initial procedure 
when endoscopic cholecystectomy was believed to be contrain- 
dicated or was refused. Preoperative endoscopic retrograde 
cholangiopancreatography (ERCP) for possible choledocholith- 
iasis was cone in 13 patients (3%). Conversion of the procedure 
to open cholecystectomy was done intraoperatively at the 
discretion of the surgeon. The operative technique was recently 
described.*** The neck of the gallbladder was routinely dissected 
from the liver before clipping or division of the cystic duct to en- 
sure accurate identification of the cystic duct. Operative cholan- 
giography was attempted by cystic duct cannulation routinely by 
one surgeon and applied selectively by the other two. Laser dis- 
section of the gallbladder from the liver was done early in the 
study (five cases). Electrocautery alone was used in all other 
cases.”* Descriptive data regarding the patients and their oper- 
ations anc hospitalizations were prospectively accumulated. 
Patients were interviewed and examined 1 to 2 weeks postoper- 
atively and further interviewed by questionnaire or telephone 
call 4 to 6 weeks postoperatively. Calculation of descriptive sta- 
tistics was computer aided. 


RESULTS 


A total of 399 patients were studied. Eighteen patients 
underwent open cholecystectomy without an attempt at 
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Complication 
Technical 
Bile leak 
Cystic duct stump 
Liver bed 
Intestinal perforation* 
Retained needle 
Postoperative hemorrhage 
Total No. (%) of Technical Complications 
Nontechnical 
Atelectasis or pneumonia 
Cerebrovascular accidentt 
Wound infection 
Urinary retention 
Cardiac arrhythmia 


Hypercarbia 


Pancreatitis 
Paralytic ileus 





Total No. (%) of Nontechnical Complications 14 (3.7) 
Total No. (%) of Complications 23 (6) 
*Both fatal. 
tOne fatal. 


endoscopic cholecystectomy for reasons including acute 
cholecystitis (seven patients), a medical contraindication 
to the endoscopic approach (four patients, including three 
with cirrhosis of the liver with portal hypertension), 
refusal to undergo the endascopic technique or lack of in- 
surance approval (four), multiple previous upper- 
abdominal operations (two), and possible gallbladder 
carcinoma (one). Thus, endoscopic cholecystectomy was 
offered to 96% of patients presenting for cholecystectomy 
and accepted by 95%. As our experience with endoscopic 
cholecystectomy increased, the proportion of patients of- 
fered this method evolved to include patients with a his- 
tory of previous upper-abdominal surgery and acute 
cholecystitis. Cirrhosis of the liver with portal hyperten- 
sion remained a contraindication to endoscopic cholecys- 
tectomy throughout the study. 

The age of the 331 patients undergoing endoscopic 
cholecystectomy was 45+15 years (mean +SD). Sixty-four 
percent were less than 50 years old, 24% were between 50 
and 65 years old, and 12% were older than 65 years. 
Ninety-eight pereent had cholelithiasis demonstrated on 
abdominal ultrasenography; five patients had acalculous 
cholecystitis, and one patient underwent cholecystec- 
tomy for a gallbladder polyp. Twenty-four patients (6%) 
underwent endoscopic cholecystectomy on an unsched- 
uled basis. Common duct stones were demonstrated by 
preoperative ERCP in two patients and by intraoperative 
cholangiography in an additional six, for a total incidence 
of 2%. Thirty-five percent had a history of one or more 
medical conditions requiring preoperative investigation 
or treatment. 

Conversion to open cholecystectomy was done in 12 
patients (3%). Inability to accomplish satisfactory dissec- 
tion of Calot’s triangle in patients with acute cholecystitis 
(four patients), difficulty with anatomic definition (usu- 
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ally a short cystic duct secondary to chronic inflammation 
or inability to identify clearly the junction of the gallblad- 
der and cystic duct) (three), common duct stones (three), 
bleeding (one), and perforated ulcer (one) accounted for 
these conversions. Two patients’ operations included en- 
doscopic common bile duct exploration by cystic duct 
cannulation with a ureteroscope. Direct-contact electro- 
hydraulic shock wave lithotripsy of three common duct 
stones was successful in one case. The other patients with 
common duct stones identified intraoperatively were 
treated with conversion to open operation and duct 
exploration (one), postoperative ERCP (five), or observa- 
tion (two). Three percent of patients elected discharge the 
evening after operation, and 63% felt well enough to be 
discharged within 24 hours postoperatively. Ninety-two 
percent had been discharged by 48 hours. Four percent of 
patients remained hospitalized for more than 3 days, due 
to a concurrent medical condition or a postoperative 
complication. Fifty-three percent of patients reported a 
return to full activity 5 days postoperatively, 77% at 7 
days, 84% at 10 days, 95% at 14 days, and 98% at 21 days. 

Postoperative complications were considered technical 
or nontechnical (Table 1). A technical complication was a 
complication resulting directly from a technical error. 
Nine patients (2%) were judged to have experienced a 
technical complication. A postoperative bile leak was the 
most common technical complication (five patients). All 
five patients experienced unexpected postoperative pain 
and paralytic ileus and demonstrated an increase in serum 
bilirubin level of at least 17 pmol/L compared with the 
postoperative concentration. The ERCP showed no com- 
mon duct injuries; a leak at the cystic duct stump was seen 
in four and a leak from the liver bed in one. Three of these 
patients demonstrated diffuse peritoneal irritation and 
were thought to be poor candidates for percutaneous 
drainage. These three underwent operative repair of the 
cystic duct stump. The technical explanation for the leaks 
was difficult to demonstrate with certainty due to local 
inflammation. In two, a small defect in the cystic duct be- 
tween the common duct and the metallic clips was 
thought to have occurred, undetected, during dissection 
of the cystic duct. The clips may have been improperly 
applied in the third case. The patient with the leak from 
the liver bed was treated with a percutaneous drain, and 
one patient was successfully treated with intravenous 
fluids and antibiotics. 

Intestinal perforation occurred in two patients and 
proved fatal in both. The first was a 75-year-old woman 
with dementia and a history of a hysterectomy through a 
midline incision. Entry into the peritoneal cavity for car- 
bon dioxide insufflation and initial trocar placement was 
accomplished in the right anterior axillary line. Adhesions 
were seen to be limited to the area of the previous incision 
and were lysed by means of scissor dissection to permit 
placement of the umbilical trocar. Other than the notation 
of a cirrhotic liver, the procedure was unremarkable. The 
patient experienced an uncomplicated postoperative 
course and was discharged home 30 hours after opera- 
tion. The patient was contacted by telephone on postop- 
erative day 2 and was somewhat anorexic but in no dis- 
tress. She died at home on postoperative day 4 without 
coming to further medical attention. At autopsy, the pa- 
tient was found to have a 5-mm enterotomy in the small 
intestine at the site of adhesiolysis and associated diffuse 
fibrinopurulent peritonitis. 


Endoscopic Cholecystectomy—Wolfe et al 1193 








= oe > 
m J G ` 
















-Table 2.—The Learning Curve 


Patient No. Complication 






39 Bile leak from cystic duct 

46 Small-intestinal injury 

64 Bile leak from cystic duct 
109 Colonic injury 
137 Postoperative hemorrhage 
161 Bile leak from liver bed 
189 Bile leak from cystic duct 
249 Bile leak from cystic duct 


Retained needle in wound 


The second fatal intestinal injury occurred in a 67-year- 
old man with multiple medical problems, including ath- 
erosclerotic cardiovascular disease, chronic pulmonary 
disease, and diabetes. At operation, he was found to have 
marked scarring of the gallbladder wall with involvement 
of the diaphragm and what was thought to be omentum. 
Scissor dissection of the adhesions was accomplished and 
the cholecystectomy completed. The patient’s immediate 
postoperative course appeared satisfactory, but clinical 
deterioration occurred 8 hours later, and the patient was 
returned to the operating room 12 hours after the chole- 
cystectomy. A 1-cm enterotomy of the right transverse 
colon was found, and a colostomy was done. No gross 
fecal contamination or local reaction was noted, but sec- 
ondary manifestations of sepsis proved fatal. 

These two cases clearly demonstrate the potential for 
incomplete visualization of the intestine by peritone- 
oscopy. We and other experienced endoscopic surgeons 
retrospectively reviewed the videotapes of the proce- 
dures. These tapes did not demonstrate the occurrence of 
the intestinal injury in either case. The defect was appar- 
ently not observed in the first case because of the position 
of the intestine in relation to the remaining adhesions, 
and the colonic defect was apparently obscured by 
omentum. Both enterotomies were immediately obvious 
when the abdominal cavity was opened. 

Additional technical complications included the need 
for a 4-unit transfusion postoperatively and correction of 
an ill-defined coagulopathy in one patient. Reoperation 
was not required. The final technical complication oc- 
curred in another patient when the needle used for 
closure of the fascia at the umbilicus broke and a portion 
could not be located easily. No common bile duct injury 
was identified in this series. 

Nontechnical complications occurred in 14 patients 
(4%). The most common was atelectasis or pneumonia in 
five patients. Two of these patients required prolongation 
of hospitalization (4 and 5 days) for treatment. A third 
patient (a 42-year-old, otherwise healthy man) had ab- 
dominal pain and tenderness with fever and modest ev- 
idence of pneumonia in the right lower lobe on a chest 
roentgenogram. His abdomen was explored to rule out a 
technical complication, and he required 36 hours of me- 
chanical ventilation in addition to antibiotics. Two addi- 
tional patients were found to have pneumonia on chest 
roentgenograms after hospital discharge and were treated 
as outpatients. 

Two patients experienced postoperative cerebrovascu- 
lar accidents. One was mild and resolved without resid- 
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Case nunbers of patients whose procedures were converted to 
open cholecystectomy and patients who experienced technical 
complications. The early experience included relatively more tech- 
nical complications and fewer conversions to open cholecystec- 
tomy, while the final 100 patients included four conversions to open 
cholecys-ectomy and no technical complications. 


ual, anc one was fatal. A 72-year-old woman underwent 
an uneventful endoscopic cholecystectomy. Her initial 24 
postoperative hours were uncomplicated, but manifesta- 
tions of a major neurologic injury occurred as the patient 
was preparing to leave the hospital. Autopsy confirmed 
the cerebrovascular accident as the cause of death. 

Wourd infections occurred in two patients, both in- 
volving the umbilical incision. One patient with chronic 
pulmonary disease experienced hypercarbia after carbon 
dioxide insufflation. Her operative procedure was con- 
verted to an open cholecystectomy because of difficulty 
with anatomic definition. Hypercarbia persisted postop- 
eratively and required 24 hours of mechanical ventilation. 
The remaining nontechnical postoperative complications 
listed in Table 1 all required medical intervention or pro- 
longed ospitalization and resolved without sequelae. 
The totai number of patients who experienced a compli- 
cation was 23 (6%). 

Postoperative abdominal exploration was done in a to- 
tal of six patients (1.6%), including three with bile leaks, 
one witk intestinal perforation, one with a portion of a 
needle ir the wound, and one with a negative exploration 
for possible visceral injury. Twelve patients’ procedures 
were corverted to open cholecystectomy at the time of 
operation. Thus, an open abdominal incision was avoided 
in 363 (95%) of the 381 patients in whom endoscopic 
cholecystectomy was attempted. 

The relationship of the frequency of technical compli- 
cations te the rate of conversion to open cholecystectomy 
was analyzed as a measure of the learning curve (Table 2, 
Figure). No complication occurred among the first 38 pa- 
tients. As confidence with the new technique grew, more 
difficult cases were undertaken, and fewer were directed 
to initial open cholecystectomy. During the interval of 
cases 39 -o 189, there were seven technical complications 
(5%). The incidence of technical complications related to 
the endoscopic technique then fell to one in the next 192 
cases. Fo ur technical complications with two fatalities had 
occurred in the first 109 patients, an interval in which only 
two operations were converted to open cholecystectomy. 
An adjustment was then made in which six (7%) of the 
next 87 procedures were converted to open cholecystec- 
tomy. Technical complications were not immediately 
eliminated by this increased conversion rate, but the con- 
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version rate remained higher in the final 100 patients 
studied (4%), while there was no technical complication 
in these 100 patients. 


COMMENT 


Endoscopic cholecystectomy represents a new tech- 
nique te accomplish the same end result as open chole- 
cystectomy and therefore could well be subjected to a 
prospective, randemized trial to compare the outcome 
among similar populations of patients. We concluded that 
consumer demand for endoscopic cholecystectomy 
would prevent a randomized trial because such a trial 
would not accrue sufficient patients to yield useful 
results. We are, therefore, left with the necessity of com- 
paring the outcome of endoscopic cholecystectomy with 
literature reports or retrospective reviews of the outcome 
of open cholecystectomy (historical controls). 

The benefits were well documented by Reddick and 
Olsen,’ who reported significant reduction in hospital- 
ization and disability, and by our study with 95% dis- 
charged home within 48 hours and 95% returning to usual 
activity by 14 days postoperatively. These recovery data 
have clearly contributed to consumer demand for the new 
technique despite the lack of demonstration of its safety. 
Ledet’s’ recent report of 200 consecutive outpatient open 
cholecystectomies with a return to routine activity within 


7 to 10 days is of interest and further demonstrated the po- 


tential benefit of a prospective, randomized trial. 

The primary unresolved issue regarding endoscopic 
cholecystectomy is its safety. Several large series of 
cholecystectomies have been reported."”’® The Ohio 
Chapter of the American College of Surgeons reported on 
28621 cholecystectomies with a mortality of 1.8% and 
morbidity of 4%.'° McSherry and Glenn” reported a 1.7% 
mortality among 11808 cholecystectomies. The mortality 
of 0.8% in our study appears to compare favorably with 
rates in these extensive series. It is necessary, however, 
to compare the present patient population with that 
studied in these literature reports. The patients studied by 
McSherry and Glenn were (1) older (21% vs 12% older 
than 65 years), (2) underwent more emergency operations 
(20% vs 6%), and (3) had more common bile duct stones. 
It is therefore necessary to consider the subgroup who 
underwent cholecystectomy alone. McSherry and Glenn 
reported a mortality of 0.5% for elective cholecystectomy. 
Others report operative mortality for cholecystectomy 
alone to range from 0%"""* to 0.5%.'*° After review of 
these mortality data as well as the causes of death in these 
series, we must conclude that the mortality in the present 
series was higher than expected for open cholecystec- 
tomy. The two patients who died of unrecognized intes- 
tinal injuries both had associated medical conditions that 
contributed to the fatal outcome of these complications.” 
Technical complications have rarely been listed as the 
cause of death in the above series and were not included 
in a statistical analysis of factors affecting mortality in bil- 
iary tract surgery.” The inability to visualize these intes- 
tinal defects on the videotapes and the ease of their iden- 
tification at open exploration underscores the potential 
limitation to full visceral examination using the laparo- 
scopic technique. Intestinal injury is a recognized com- 
plication of laparoscopic operative gynecology.'””° 

The incidence of complications in this study (6%) gen- 
erally compares favorably with those in published reports 
for open cholecystectomy, which range from 4% to 
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greater than 20%.''° As with mortality, the pattern of the 
morbidity we report is weighted more toward technical 
complications than is seen in the reports of traditional 
cholecystectomy, especially bile leak from the cystic duct 
stump. We believe the high incidence of clinically impor- 
tant bile leaks resulted from several factors, including fear 
of common bile duct injury and limitations of instrumen- 
tation. Injury to the common duct is a well-recognized 
complication of cholecystectomy, the reported incidence 
ranging from 0.1% to 0.5%.7"* Injury to the common duct 
occurred in 1% and 2% of the early reported series of en- 
doscopic cholecystectomy.** In addition, the majority of 
common duct injuries that occur during open cholecys- 
tectomy are not detected at the time of operation.” The 
technique of endoscopic cholecystectomy involves eleva- 
tion of the triangle by Calot by anterior (upward) traction 
on the gallbladder, which produces tenting of the com- 
mon duct. It is possible that further follow-up will dem- 
onstrate delayed biliary strictures due to narrowing of the 
duct by clips applied to the cystic-common duct junction. 
The lack of common duct injuries in this series is attrib- 
uted to careful dissection of the neck of the gallbladder 
and distal cystic duct as well as a hesitancy to place the 
proximal cystic duct clips close to the common duct. 
Avoidance of both cystic stump leaks and common duct 
injuries appears technically possible with experience and 
appropriate instrumentation, including curved dissecting 
instruments and loop ligatures for larger cystic ducts.*°” 

Dissection of the gallbladder from the liver beginning 
with the fundus before ligation or division of any ductal 
structure has long been advocated as the safest method of 
cholecystectomy.*”* Application of this technique to en- 
doscopic cholecystectomy is not practical, as separation of 
the gallbladder from the liver results in loss of ability to 
retract the liver. Itis possible, however, to dissect the neck 
of the gallbladder from the liver, leaving the fundus 
attached for retraction. The principle of identification of 
the junction of the gallbladder and cystic duct before di- 
vision of any ductal structure can then still be followed. 

Analysis of the experience with endoscopic cholecys- 
tectomy in this series and the other series to date does not 
provide a sufficient basis for establishment of definite 
contraindications for endoscopic cholecystectomy. In this 
series, none of the major technical complications occurred 
among the 6% of patients operated on emergently for 
acute cholecystitis. An initial endoscopic approach to 
acute cholecystitis appears appropriate if a pneumoperi- 
toneum can safely be established and the procedure is 
promptly converted to open cholecystectomy if dissection 
is difficult. A history of previous abdominal surgery is 
common among patients presenting for cholecystectomy 
(44% in this series). Elimination of all such patients is 
probably not necessary, as bowel injury is apparently 
rare. The intestinal injuries in this series presumably be- 
came fatalities as the result of the delay in treatment that 
resulted from failure of initial detection. An angled 
laparoscope may have permitted detection of the colonic 
injury and possibly the small intestinal injury in this se- 
ries. 

The phenomenon of the learning curve regarding a new 
technology and operative technique for most general sur- 
geons is complex. We may have experienced a degree of 
overconfidence as the result of initial success leading to 
persistence with the cholecystectomy technique in the 
face of severe scarring of the gallbladder (the second 
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death). Continued willingness to convert to open chole- 
cystectomy appears to be a necessary component of 
avoiding serious technical complications of endoscopic 
cholecystectomy. 
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Discussion 


GEORGE BERCI, MD, Los Angeles, Calif: Laparoscopic chole- 
cystectomy has taken our surgical community by surprise. In my 
experience of 30 years in surgery, I have never seen any oper- 
ation or reatment modality spread or be accepted so extensively 
and so quickly. Complications can occur during open cholecys- 
tectomy, too. Transection of the common bile duct, one of the 
most serous complications, occurs in approximately one in 500 
cases, or one-half percent. Unfortunately, the overwhelming 
majority of these injuries are not discovered during the primary 
surgery. One of our recent assessments of mortality in 1200 open 
cases in our institution is as follows. 

Approximately half of these patients were above the age of 60 
with underlying disease. In 18%, the common bile duct was ex- 
plored because of stones. The mortality was 1.3%. In the other 
group be-ow the age of 60, the mortality was 0%. The authors 
presented 381 cases with a mortality of 0.9%, or three cases. The 
last fatal outcome was a severe cerebrovascular accident on the 
day of discharge. The other two were procedure related. One of 
the authars used intraoperative cholangiography routinely and 
the others employed it selectively. The use of cholangiography 
during laparoscopic cholecystectomy has a different and more 
important role than during open surgery. 

The maior difference between the two procedures—open and 
closed —is the localization of the common bile duct. During open 
surgery itis relatively easy to locate or to dissect and see the ac- 
tual site o“ this common bile duct, whereas during laparoscopic 
cholecystectomy this is not the case. The short cystic duct, which 
is not uneommon, can be put on a stretch and thereby the com- 
mon bile cuct can be tented and mistakenly misinterpreted as a 
cystic duct and clipped, as has been done in many cases. A short 
cystic duc draining into the right hepatic duct occurred in our 
experience in eight of 735 cases. 

For instance, the placement of the clip and the relationship of 
the cystic duct to the common bile duct are crucial landmarks to 
recognize. In case of an unfortunate injury, the patient is much 
better off i it is recognized, explored, and the damage immedi- 
ately repaired at the first operation compared with those patients 
who are readmitted a few days later with biliary peritonitis and 
its catastrophic sequelae. Therefore, operative cholangiography 
plays a vital role and, in our opinion, it should be performed 
routinely. The recently released mobile image amplifier with 
digitization, which has vastly improved fluoroscopic image, and 
freeze-frame capabilities with hard copy prints available within 
minutes is of great help to the surgeon. The entire process of 
cholangiography can be completed within 5 minutes. 

The authors were fortunate that no ductal injury occurred, but 
there were five bile leaks. One was the upper-end duct in the 
liver bed, which can sometimes be discovered by cholangiogra- 
phy. The four others were probably due to slippage of the clip 
on the cystac duct stump. Perhaps more frequent use of the en- 
doloop will help avoid this complication. In our experience of 735 
cases and performing a routine cholangiography, we found in 
15% abnormalities or anomalies of surgical importance. In the 
present report we must consider the possibility that the more 
liberal approach to conversion to open cholecystectomy would 
have been helpful, mainly in one case where not only adhesions 
were discovered but also a cirrhotic liver. We must also be 
extremely v gilant during the postoperative period to identify as 
early as possible undiscovered injuries. 

Open chaclecystectomy does have its own complications, and 
we do not have adequate comparative figures of laparoscopic 
cholecystectomy to compare it with our old gold standard. Until 
that is availeble, we should err on the side of a conservative ap- 
proach. Laparoscopic cholecystectomy is here to stay. However, 
we need yeers and many realistic reports like this one to evalu- 
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ate our technique, improve our instrumentation, and make 
changes based on our findings. 

L. WILLIAM TRAVERSO, MD, Seattle, Wash: In January of 1990, 
we published with Dr Terry Gilliland of Virginia Mason Medical 
Center our results of standard open cholecystectomy in 650 cases 
with no deaths and a biliary injury of 0.4%. None were major 
injuries. Two of the three cases related to the cholangiocatheter 
damaging the cystic duct to common bile duct junction. Dr Wolfe 
and his colleagues have shown us a death rate of 0.8% anda 1.3% 
biliary injury rate, none of which involved major common bile 
duct injuries. 

During the last 6 months, we’ve completed 147 cases of lap- 
aroscopic cholecystectomy at Virginia Mason with one death due 
to a pulmonary embolus in a young man. This experience 
underlines the reason to use preoperative prophylactic throm- 
boembolic maneuvers. This procedure is thrombogenic because 
the patient is placed in a reversed Trendelenburg position, and 
with the pneumoperitoneum, lower-extremity venous return is 
impeded. Therefore, I urge everyone to use lower-extremity 
pneumatic compression devices or mini-heparin. Do not use the 
reversed Trendelenburg position unless it’s necessary. 

We have a hepatobiliary team effort and therefore receive most 
of the biliary tract injuries from all over the Pacific Northwest 
plus Montana and Alaska. At the Digestive Disease Week 
upcoming in New Orieans, Richard Kozarek of our gastroenter- 
ology section will be presenting an abstract in the ASGE portion 
regarding laparoscopic cholecystectomy injuries that were re- 
ferred to us. With the cooperation of the members of the hospi- 
tals that sent us these cases, we found that during a 6-month 
period in the Puget Sound area, 597 laparoscopic cholecystecto- 
mies were done, and associated with these were 17 common bile 
duct injuries, a rate of 2.8%. 

These injuries were more severe than the ones reported by the 
authors. There were a total of five common bile duct transec- 
tions, six common bile duct injuries, and the rest were cystic duct 
or undetermined bile leaks. Within this group there was a 0.3% 
mortality; none was related to the situation of the biliary injury. 

The learning curve is real, and as we learn the principles of 
laparoscopic cholecystectomy, which are not quite the same as 
those of open cholecystectomy, we should learn from the early 
errors, mistakes, and unfortunate consequences so that we do 
not duplicate them. Finally, the role of proctorship should be 
underscored. After reassessing our own data, we feel that it 
takes about 25 cases before the surgeon can really proceed with 
some confidence. The more we perform these procedures, the 
more we start using it for more complicated cases. 

JAMES J. PECK, MD, Portland, Ore: Recently the Portland Sur- 
gical Society presented an initial experience with laparoscopic 
cholecystectomy. Including our experience, 482 laparoscopic 
cholecystectomies were done by 16 surgeons. This operation is 
consumer motivated, just as breast conservation surgery was, by 
an informed patient population. At this time in our community, 
nearly 80% of the gallbladders removed are done so laparoscop- 
ically. Twenty-five percent of patients are discharged on the day 
of surgery. Nearly all the rest of uncomplicated patients are 
home within 24 hours. The majority are back to work in 1 week, 
the rest in 2 weeks. The cosmetic result is excellent. 

In the 482 cases done in Portland, there were complications in 28 
patients or 6%. There were 18 major and 10 minor complications. 
There were no deaths. The most frequent major complication was 
bile leak that occurred in nine patients. We differ with the authors 
on the management of this complication, believing that celiotomy 
is rarely necessary. Mest can be drained by computed tomographic 
guidance or with repeat laparoscopy. Six of the nine leaks were 
from the gallbladder fossa and not the cystic duct. 

There were four bowel injuries, three in the small bowel and 
one in the colon. All were recognized at the time of laparoscopy 
and were explored with celiotomy. There were two common 
duct injuries; both were ductotomies (no transections). There 
were two abscesses and one cystic artery bleed requiring trans- 
fusions, and six umbilical wound infections. 

In the Portland experience, 21 cases, or 4.4%, were converted 
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to open cholecystectomies. Eleven were judged to be too diffi- 
cult to do laparoscopically. There is a learning curve, and good 
surgical judgment is essential. Four were operated on for com- 
mon duct stones. Six had celiotomy for the complications men- 
tioned of common duct and bowel injuries. What is the authors’ 
policy for drainage? Many routinely drained open gallbladders, 
but only one in six of our cases were drained laparoscopically in 
Portland. 

Do you try laparoscopically to do patients with symptoms of 
acute cholecystitis? Finally, do you prefer ERCP sphincterotomy 
instead of open common bile duct exploration if choledocholith- 
iasis is found at the time of laparoscopic cholangiography? 

DR WOLFE: There seems to be no doubt that there are more 
common duct injuries occurring at the present time as a result 
of the endoscopic technique than have occurred in the past. The 
dissection of the neck of the gallbladder and absolute identifica- 
tion of the junction of the cystic duct and gallbladder is the cor- 
ollary to what has been advocated as the safest method of chole- 
cystectomy for many years: beginning the dissection of the 
gallbladder at the fundus and being certain that any duct that is 
to be divided or cannulated enters the gallbladder, is not com- 
ing off the right hepatic duct or some other variant. Having done 
this, it is difficult for us to say that among the 130 patients who 
had cholangiograms completed, the cholangiogram was respon- 
sible for avoiding a common duct injury. 

It remains possible, and I know that it has occurred in other 
surgeons’ experience, that the common duct has in fact been 
cannulated for the cholangiogram such that the conduct of the 
cholangiogram has enabled the surgeon to avoid transecting the 
duct as opposed to the damage being limited to a single clip and 
an incision for a catheter, which would certainly seem a lesser 
degree of injury. I personally advocate conduct of operative 
cholangiography routinely. The incidence of common duct inju- 
ries that occurred in our series as well as everyone else’s is pre- 
sumably still not known, as the experience among surgeons op- 
erating on common duct injuries shows that less than half of 
common duct injuries have been detected at the time of chole- 
cystectomy. 

Tenting of the common duct into the operative field clearly 
occurs as the result of this procedure, which is based on retrac- 
tion of the gallbladder anteriorly. Some of our cystic duct leaks, 
which clearly occurred at a rate greater than we have experienced 
with open cholecystectomy, occurred as the result of our hesi- 
tancy to place the clips as proximal on the cystic duct as we oth- 
erwise might have done, fearing possible common duct injury. 

Using the instrumentation available to us, dissection of the 
common duct was not done to the same extent that we have done 
with open cholecystectomy. We have not had instruments as 
simple as a right-angle clamp, for example, which can accurately 
dissect along the common duct. We also did not have available 
to us the endoloop ligatures in the early experience. We now 
routinely suture ligate the cystic duct if it is of such size that the 
clips may prove inadequate. In our series, 44% of the patients 
had undergone a previous abdominal operation. We cannot very 
well eliminate all the patients who have undergone a previous 
abdominal procedure and may have adhesions. Therefore, it 
falls to the judgment of the surgeon at the time of operation as 
to whether these adhesions are satisfactorily being lysed and the 
operative procedure conducted in a safe manner or not. 

We have great concern regarding our limited capacity to detect 
these intestinal injuries, as both intestinal injuries in our series were 
obvious when the abdomen was open. We did not have angled 
scopes at the time, and I believe that the use of angled scopes en- 
hances the capacity for full visceral examination. I urge everyone 
to acquire these scopes in addition to the zero degree scopes. 

There is a need to compare the results of endoscopic cholecys- 
tectomy with open cholecystectomy. Our preference would have 
been to do a prospective randomized study of patients present- 
ing for cholecystectomy to undergo open or endoscopic proce- 
dures. Public demand for the endoscopic procedure made such 
a study not feasible, and the same conclusion has apparently 
been reached by virtually all surgeons doing this operation. So 
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we're going to be left with the necessity to use historical litera- 
ture controls, which is clearly not ideal. 

All patients with leaks from the cystic duct experienced 
abdominal pain, ileus, and at least a slight rise in the serum bi- 
lirubin concentration. Our concern was to exclude a common 
duct injury, and this is the reason that ERCP was done in all five. 
Three underwent reoperation because the leak was not con- 
tained but rather producing diffuse peritoneal irritation, and 
there was no localized fluid collection that appeared to be a good 
target for a percutaneously placed drain. Open suture of the 
cystic duct led to prompt recovery in those patients. 

The use of drains is quite possible with the endoscopic 
technique. We drained only 5% of our patients, most of them 
acute. One of the patients who had a cystic duct leak that 
required reoperation in fact had been drained, and the drain 
had failed to entirely contain the leak. So it remains unclear 
to me that the use of drains is the answer to the problem of 
bile leaks. There were as many patients with some of the 
findings of acute cholecystitis at the time of operation histo- 
logically or by white count that appeared in our elective 
series as in our emergency patients. 

Six percent of patients were operated on as emergencies, but 


Anatomical Axiom 


many of them in fact had biliary colic. So exactly how you define 
acute cholecystitis requires careful examination, particularly in 
view of this technique. 

We new will approach patients with apparent acute cholecys- 
titis endoscopically and, if there is dense inflammation and dif- 
ficulty with dissection, convert to open cholecystectomy. One 
cannot òy preoperative assessment eliminate all cholecystec- 
tomy patients who are going to be difficult to accomplish endo- 
scopical y because the criteria have simply not been established. 
Initially we did preoperative ERCP in any patient who appeared 
to have common duct stones so that the issue of the resolution 
of those stones would be known before the endoscopic proce- 
dure wes undertaken. 

We have subsequently. successfully managed common duct 
exploraton endoscopically, which has allowed us to reduce the 
number of preoperative ERCPs, which we think is a definite ad- 
vance inasmuch as only two of the 13 ERCPs that we did were 
positive If the endoscopic common duct exploration is not suc- 
cessful in removing the stones, then the patient can undergo ei- 
ther postoperative ERCP sphincterotomy or open exploration 
according to the surgeon’s judgment regarding the likely success 
of ERCF. 


The side from which motor branches leave a nerve is the side nearest the 
muscles to which they are distributed. Certein nerves have sides of safety 


and sides of danger: sides on which it is safe to dissect and sides on which 
it is dangerous. BAr E 
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A Current Analysis of Primary Lymphoma of the Thyroid 


Erik D. Skarsgard, MD; Joseph M. Connors, MD; Richard E. Robins, MD 


è Over a 9-year period ending in May 1990, 27 patients 
with histologically proved thyroid lymphoma were assessed 
and treated. There were 24 female and three male patients 
with a median age of 67 years at the time of diagnosis (age 
range, 39 to 85 years). The usual presentation was that of 
a rapidly enlarging neck mass. Incisional biopsy was the di- 
agnostic procedure of choice; however, nine of 27 patients 
underwent diagnostic partial or total thyroidectomy based 
on a preoperative impression of thyroid carcinoma. All 27 
patients had non-Hodgkin’s lymphomas of intermediate 
(77%) or high (23%) grade. Detailed staging was carried out 
in 25 patients; seven patients (28%) had disease confined to 
the thyroid gland (stage 1), while 18 (73%) had accompany- 
ing disease in cervical lymph nodes or the mediastinum 
(stage II). Combined multiagent chemotherapy and irradi- 
ation was given to 19 of 25 staged patients (76%). Actuar- 
ial, overall 5-year survival for all patients was 70% with 
48 months being the median follow-up for living patients 
(follow-up range, 3 to 102 months). Of a number of factors 
evaluated using log-rank survival tests, only the absence of 
dysphagia at the time of hospital admission, a primary tu- 
mor mass not greater than 10 cm, restriction of disease to 
the thyroid gland, and the absence of mediastinal lymph 
node involvement were statistically significant predictors of 
improved survival. Surgery should usually be restricted to 
diagnostic biopsy, as there is infrequently a role for resec- 
tion in the management of thyroid lymphoma, given the ef- 
fectiveness of combined multiagent chemotherapy and ra- 
diotherapy. 
(Arch Surg. 1991;126:1199-1204) 


P rimary lymphoma of the thyroid gland is an uncom- 

mon condition, comprising approximately 2% of all 
malignant lymphomas and 5% of all thyroid malignant 
neoplasms.’ It is more common in female subjects and 
the aged,*° and there is a recognized association with 
Hashimoto’s thyroiditis.*’ The usual presentation is that 
of a rapidly enlarging, painless neck mass, often with as- 
sociated compressive symptoms.’ Histologically, the ma- 
jority of these lesions are non-Hodgkin’s lymphomas, 
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usually of intermediate or high grade.’ Diagnostic diffi- 
culties exist mainly in the distinction from undifferenti- 
ated thyroid tumors” and occasionally from chronic lym- 
phocytic thyroiditis." In recent years, however, increased 
awareness and improved pathologic recognition have re- 
sulted in more frequent diagnosis, often at a lower stage.” 
As a result of multiagent chemotherapy and radiation 
therapy, the outlook for patients with lymphoma in gen- 
eral has improved, bringing into question the role of ex- 
tirpative surgery in the treatment of primary thyroid 
lymphoma.” 

Despite an abundance of reports in the literature, many 
of the reviews of primary thyroid lymphoma contain 
small patient numbers or span decades, during which 
time significant changes in staging procedures, histologic 
classifications, and treatment regimens have evolved. 
This report analyzes clinical data, pathologic conditions, 
and outcome of 27 patients at a provincial institution over 
a 9-year period during the “modern era” of lymphoma 
diagnosis, staging, and treatment. 


PATIENTS, MATERIALS, AND METHODS 


Over a 9-year period ending in May 1990, 27 patients with 
lymphoma confined to the thyroid gland (with or without cer- 
vical or upper torso nodal involvement) were examined and 
treated at the British Columbia Cancer Agency (Vancouver), 
which is a provincial oncology center serving a population base 
of approximately 2.8 million persons. 

All patients underwent history taking and physical examina- 
tions. General staging procedures were performed on 25 patients 
(93%), while two patients did not undergo staging because of 
extreme frailty. Staging procedures included posteroanterior 
and lateral chest roentgenograms (n= 27), abdominal computed 
tomography (n=27), a complete hematologic profile (n=27), 
and bone marrow aspiration and biopsy (n = 27). Cervical (n=3) 
and chest (n=3) computed tomography were used selectively, 
as was bipedal lymphangiography (n= 10). On the basis of clin- 
ical findings and test results, patients were staged according to 
the Ann Arbor Classification.’ All histopathologic data were re- 
viewed by British Columbia Cancer Agency pathologists and 
classified according to the working formulation. 

Primary tumor size was the critical determinant of therapy in 
21 patients (78%). If the tumor mass was less than 10 cm in 
greatest diameter (n= 16), treatment consisted of a brief course 
of multiagent chemotherapy (6 to 9 weeks’ duration), employing 
doxorubicin hydrochloride, prednisone, vincristine sulfate, cy- 
clophosphamide, and bleomycin sulfate followed by involved 
field radiotherapy consisting of 3000 cGy in 15 to 20 fractions. If 
the tumor mass was 10 cm or greater in diameter (n=5), treat- 
ment consisted of a more intense and prolonged course (3 to 6 
months) of multiagent chemotherapy employing the same che- 
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Table 1.—Clinical Findings in 27 Patients With 
| ___ Primary Thyroid Lymphoma 
Neck mass 27 (100) 
Dysphagia 13 (48) 
Stridor 6 (22) 
Hoarseness 8 (30) 
SVC* obstruction 1 (4) 
Pain 1 (4) 
Fever, sweats, weight loss 1 (4) 
3 (11) 
8 (30) 
15 (56) 
Bilobar involvement 12 (44) 
Fixation 2 (7) 
12 (44) 


History of goiter 
Mass > 10 cm 


Single lobe involved 


Neck lymphadenopathy 
*SVC indicates superior vena Cava. 


motherapeutic agents plus etoposide, followed by irradiation 
only if persistent residual disease was documented. Three 
patients (11%) received involved field radiotherapy only: two on 
the basis of advanced age and frailty and one because of 
low-grade histologic findings. One patient (4%) underwent 
complete resection of gross disease and refused subsequent ad- 
juvant treatment. Two patients with unfavorable histologic 
findings and extreme frailty were not staged: one received no 
treatment while the other received palliative, low-dose radio- 
therapy for airway obstruction. 

Follow-up data were available on all patients. Survival time 
was taken to the nearest month and calculated from the time of 
presentation until death or last examination. Overall and 
disease-free survival curves were plotted according to the 
method of Kaplan and Meier, and statistical comparisons were 
made, analyzing each parameter separately using the log-rank 
test. 


RESULTS 


The patient group consisted of 24 female and three male 
patients with a median age of 67 years (age range, 39 to 
85 years) at presentation. Only four patients (15%) were 
younger than 50 years. 


Clinical Presentation 


Table 1 summarizes the presenting symptoms and 
clinical findings. A nontender, rapidly enlarging thy- 
roid mass was the presenting symptom in 25 (93%) of 
27 patients, while dysphagia or voice change was the 
presenting symptom, each in one patient (4%). The 
median duration of symptoms prior to presentation 
was 8 weeks (range, 3 to 208 weeks). Accompanying 
compressive symptoms (either dysphagia or stridor) 
were present in 13 patients (48%) and six patients 
(22%), respectively. One patient with dysphagia also 
had development of acute superior vena cava syn- 
drome. Eight patients (30%) had noted a recent voice 
change. One patient (4%) reported “B” symptoms in 
the form of weight loss, fever, or night sweats. Three 
patients (11%) had a history of long-standing thyroid 
enlargement associated with clinical hypothyroidism. 
Of these, two had been receiving thyroid hormone 
replacement for longer than 5 years. One patient had a 
history of rheumatoid arthritis and had required 
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2 years of immunosuppressive therapy with azathio- 
prine sodium prior to the development of thyroid lym- 
phoma. 

The median size of the presenting thyroid mass was 
8 cm (range, 3 to >20 cm). In 15 patients (56%), the mass 
was corfined to one lobe, while in the remaining 12 pa- 
tients 44%), there was diffuse bilobar involvement. In 
two patients (7%), the mass was fixed to adjacent soft tis- 
sue. Cervical or supraclavicular lymphadenopathy was 
present in 12 patients (44%). 


Diagnosis 

Nine 33%) of 27 patients underwent diagnostic partial 
or total thyroid resection at other institutions on the basis 
of a preoperative impression of thyroid carcinoma; in two 
of these patients, the diagnosis had been incorrectly sug- 
gested by fine-needle aspiration biopsy (FNAB) speci- 
mens. In four patients (15%), the diagnosis was estab- 
lished by open biopsy specimens of enlarged cervical 
lymph nodes; lymphomatous thyroid involvement was 
then suspected clinically and was confirmed by needle or 
open biopsy specimens. The condition of a single patient 
was diagnosed by taking a biopsy specimen of a laryngeal 
mass that was causing dysphonia, which proved to be 
thyroidal in origin. Altogether, 25 patients had their final 
diagnos:s established on the basis of incisional or exci- 
sional biopsy specimens of the thyroid gland or cervical 
lymph nodes. A total of 18 patients (including the two 
who had resections for cytologically misdiagnosed thy- 
roid carcinoma) had undergone FNAB as the initial diag- 
nostic procedure, and cytologic study was suggestive of 
lymphema in 10 patients (56%). Twelve patients went on 
to have incisional thyroid biopsy to confirm the histologic 
diagnos:s and to collect sufficient tissue to permit classi- 
fication; this procedure was diagnostic of lymphoma in 11 
patients (92%), while one patient underwent a total thy- 
roidectamy after tissue from an open biopsy was inter- 
preted as a medullary carcinoma. Only two patients com- 
menced treatment based solely on a cytologic diagnosis of 
lymphoma: one patient refused an open biopsy, while the 
second received immediate radiotherapy for a large thy- 
roid mass that was causing airway compromise. The lat- 
ter patient had a subsequent open biopsy of residual dis- 
ease, which allowed histologic classification. 


Tumor Histologic Condition and Stage 


Of the 27 patients, 21 (77%) had intermediate- and six 
(23%) had high-grade lymphoma according to the work- 
ing formulation (Table 2). Large cell lymphomas (diffuse 
noncleaved, cleaved, not otherwise specifiable, and follic- 
ular larg2 cleaved) accounted for (18) 67% of all cases. One 
patient with a long-standing thyroid goiter was noted to 
have diffuse noncleaved large cell lymphoma in a back- 
ground of Hashimoto’s disease (lymphocytic thyroiditis). 
High-grade immunoblastic lymphoma was next in fre- 
quency, occurring in four patients (15%). 

Twen-:y-five patients (93%) underwent tumor staging. 
Of these, seven (28%) had disease confined to the thyroid 
gland or stage IE. Of patients with stage IIE disease, seven 
(28%) hed regional lymphatic involvement confined to the 
neck, wnile 11 (44%) had mediastinal involvement. One 
patient with nonmediastinal stage IIE disease had 
B symptoms. Two patients did not undergo tumor stag- 
ing because of advanced age or severe physical and men- 
tal debility. 
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* DLN indicates diffuse large noncleaved cell; DLC, diffuse large cleaved cell; IBL, immunoblastic; DL?, diffuse large cell not otherwise 
specifiable; FLC, follicular large cleaved cell; DSC, diffuse small cleaved cell; SNC, small noncleaved cell; COM, composite lymphoma; 
DM, diffuse mixed cell; and M, mixed cell, lymph node pattern undeterminate. 


tOne case arising im background of Hashimoto’s disease. 
+One patient with “E” symptoms. 
§Two patients not staged. 


Treatment and Complications 


Treatment protocols are summarized in Table 3. Over- 
all, complications occurred in 13 (52%) of 25 patients un- 
dergoing treatment. Complications following thyroid re- 
section occurred in four (44%) of nine patients and 
included transient hoarseness caused by recurrent laryn- 
geal nerve palsy in three patients (33% [one (11%) with 
transient hypocalcemia due to postoperative hypopar- 
athyroidism]) and postoperative airway obstruction re- 
quiring tracheostonay in one patient (11%). Of 23 patients 
receiving radiation therapy alone or combined with che- 
motherapy, self-limiting complications occurred in nine 
patients (39%). These complications included pharyngitis 
(five patients [22% ), esophagitis (three patients [13%]), 
pneumonitis (one patient [4%]), and myelitis (one patient 
[4%]). Patients undergoing chemotherapy experienced 
temporary nausea, alopecia, dysesthesias, and usually 
bone marrow suppression (manifest by neutropenia and 
thrombocytopenia); however, no specific therapy other 
than antiemetics was required, and the development of 
treatment-related side effects did not prevent completion 
of the chemotherapeutic course. No fatal or long-term 
toxic reaction due to chemotherapy was encountered. 


Survival 


The projected aetuarial overall survival at 5 years is 
70%, and the disease-free survival is 70% for all 27 
patients, with a median follow-up of 48 months 
(follow-up range, 3 to 102 months) (Figure). Of patients 
with disease confimed by the thyroid capsule (stage IE, 
n=7), survival was 100% with a median follow-up of 
55 months. For those patients with extrathyroidal involve- 
ment of supradiaphragmatic lymph nodes (stage IIE, 
n= 18), survival was 67% with a median follow-up of 49 
months. 


Treatment Failures 


Eight patients (30%) died during the period of study, a 
median of 7 months after institution of treatment (range, 
3 to 83 months). Of these, six patients (22%) had progres- 
sive or recurrent disease present at the time of death. Two 
patients with stage IIE, intermediate-grade disease had an 
initial clinical response to involved field radiotherapy, but 
both died within 5 months with gastric lymphoma (one by 
perforation). Three additional patients who died had 
presented with intermediate or high-grade stage IIE dis- 
ease, and they were treated with combination radiation 
therapy and chemotherapy, but only one had a clinical 
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*CT-RT indicates chemotherapy/radiotherapy; CT, chemother- 
apy; RT, radiotherapy; and SURG, surgery. 
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Actuarial overall survival for all patients and for patients with stage 
I vs stage |! disease. Living patients are indicated by a tick mark. 


response. This patient subsequently had development of ` 


obstructive jaundice due to the development of intra- 
abdominal lymphoma and died 8 months after initial 
treatment. One patient with an intermediate-grade lym- 
phoma who did not undergo staging was treated with 
palliative doses of involved field radiotherapy for airway 
obstruction and died 4 months later. 

Two patients (7%) experienced complete clinical remis- 
sion but died subsequently of another cause. One patient 
with stage IIE, intermediate-grade lymphoma was treated 


with three cycles of cyclophosphamide, doxorubicin, — 


vincristine, and prednisone followed by involved field 
radiotherapy with complete response. This patient died 
6 years later of complications following myocardial in- 
farction, and autopsy examination showed no evidence of 
recurrent disease. The second patient presented with a 


neck mass that proved to be a large cell lymphoma on bi-  _ 


opsy specimen, but on the basis of severe dementia, the 
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No. of 7-y Overall 
Factor Patients Survival % P Value 


Dysphagia 
Present 
Absent 


Tumor mass, cm 
< 10 
=> 10 


Stage 
IE 
IIE 


Mediastinal involvement 
Yes 
No 


Excision 
Complete 
Incomplete 


Airway obstruction 
Yes 
No 


Age, y 


< 60 


= 


> 60 

Histologic condition 
High grade 
Intermediate 





*NS indicates not significant. 


mass was neither staged nor treated. This patient subse- 
quently experienced a complete, spontaneous clinical re- 
mission but died 7 years later of aspiration pneumonia. 
There was no clinical evidence of recurrent disease at 
death; however, no autopsy was performed. 

One patient (4%) with stage IE immunoblastic thyroid 
lymphoma had development of a recurrent neck mass 
35 months after completion of combined radiotherapy 
and cyclophosphamide, doxorubicin, vincristine, and 
prednisone chemotherapy. Fine-needle aspiration con- 
firmed recurrent lymphoma and the patient was treated 
with salvage radiotherapy and remains in clinical remis- 
sion 44 months after relapse. 


Prognostic Variables 


The prognostic value of a number of factors was eval- 
uated using log-rank survival tests, and the results are 
listed in Table 4. The absence of dysphagia at the time of 
hospital admission, a primary tumor mass not greater 
than 10 cm in diameter, restriction of disease to the thy- 
roid gland, and the absence of mediastinal lymph node 
involvement were all statistically significant predictors of 
improved survival (P<.05) by univariate analysis. 


COMMENT 


This study details the clinical presentation, treatment, 
and outcome of a group of patients with primary lym- 
phoma of the thyroid gland. Because of the uncommon 
nature of this condition, most reviews to date have 
included reports of patients accrued over several decades, 
so that uniformity of diagnosis and treatment during the 
period of study are often lacking. This study reports data 
on 27 patients treated since 1981 and thus accurately re- 
flects the behavior of the disease in the face of current 
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standerds of diagnosis and therapy. 

The usual clinical presentation in this series was that of 
a rapidly enlarging thyroid mass, often with compressive 
symptoms in the form of dysphagia or stridor. In concur- 
rence with other studies,'’’*’’ patients tended to be eld- 
erly (85% older than 50 years) and female (89%). A small 
proportion of patients (11%) had long-standing thyroid 
enlargement associated with clinical hypothyroidism 
prior © the development of lymphoma. The coexistence 
of Hashimoto’s thyroiditis was noted specifically in only 
one of our patients (4%), which differs considerably from 
the 80% association reported by Hamburger et al’; how- 
ever, Cur patients commonly had a background lympho- 
cytic infiltrate consistent with subclinical lymphocytic 
thyroiditis. 

Advances in cytopathology have increased the preci- 
sion of diagnosis of thyroid disorders by FNAB." In our 
study, FNAB was performed in 18 patients and provided 
an unequivocal diagnosis of malignant lymphoma in only 
10 patients and a probable diagnosis of lymphoma in an- 
other two patients. This is comparable to the precision of 
FNAE reported in the study of Hamburger et al,” in which 
cytologic findings were diagnostic or equivocal in 24 of 30 
patients. All patients in our series had non-Hodgkin's 
lymphomas of intermediate (77%) or high (23%) grade as 
classifizd by the working formulation. This distribution is 
comparable to that detailed in the report of Rosen et al”? 
of 61 cases in which 3% were low-grade, 85% were 
interm2diate-grade, and 11% were high-grade malignant 
lymphomas. Although there are sporadic reports of 
extranodal Hodgkin’s disease occurring in the thyroid, 
this ap Dears to be uncommon in larger series? and was not 
seen ir ours. 

The conventional approach to treatment of stage IE (in- 
trathyroidal) and stage IIE (extrathyroidal with involve- 
ment cf supradiaphragmatic lymph nodes) has been to 
combine surgical resection with postoperative radiother- 
apy; however, 5-year survival figures with this technique 
have been consistently low, in the range of 30% to 
50% .°4~5 More recently, combined radiation therapy and 
cheme-herapy regimens have evolved with considerable 
improvement in survivorship. Vigliotti et al” have re- 
ported a 77% 5-year survival in 17 patients (seven with 
stage E and 10 with stage IIE disease) treated with com- 
bination, multiagent chemotherapy and radiotherapy. 
Our study provided comparable survival results with an 
actuarial 5-year overall survival of 70% and a disease-free 
survivel of 70% with a median 4-year follow-up for living 
patients. Survival by stage was 100% for stage IE (seven 
patients; median follow-up, 55 months) and 67% for stage 
IIE (18 patients; median follow-up, 49 months). 

A number of variables influencing prognosis of thyroid 
lymphoma have been described previously. Factors that 
have been associated with improved survival include in- 
trathyroidal disease,” complete macroscopic tumor re- 
moval ê and associated Hashimoto's disease,” while un- 
favorable outcome has been associated with advanced 
age, aerodigestive tract obstruction, hoarseness, medias- 
tinal involvement,” and primary tumor mass greater than 
10 cm ™” In our study, the presence of dysphagia at the 
time of hospital admission, a primary tumor mass greater 
than 10 cm, stage IIE disease, and involvement of medi- 
astinal lymph nodes were all associated with a poorer 
prognosis that attained statistical significance (P<.05). 
Macroscopically complete surgical tumor removal dem- 
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onstrated a trend toward improved survival (P = .06), al- 
though it seems likely that this is merely an indication of 
the favorable nature of lower tumor stage. The presence 
of airway obstruction on presentation, age older than 60 
years, and high-grade tumor histologic findings were all 
nonsignificant predictors of outcome. 

Traditionally, surgery has played a major role in both 
the diagnosis and treatment of thyroid lymphoma; how- 
ever, this has frequently been the result of excision of le- 
sions presumed to be thyroid carcinoma.*'*2! Of 57 
patients whose cases were reported by Devine and asso- 
ciates,® the diagnosis of thyroid lymphoma was consid- 
ered preoperatively in only five. Despite recent improve- 
ments in FNAB techniques and increased physician 
awareness, the diagnosis of thyroid lymphoma in our 
study was made following resection for presumed carci- 
noma in nine (33%) of 27 patients. In the majority of pa- 
tients, an incorrect preoperative diagnosis of anaplastic 
carcinoma was made. Furthermore, the morbidity associ- 
_ ated with thyroid resection (either partial or complete) in 
` these patients was significant, with 33% (3/9) experienc- 
ing prolonged recurrent laryngeal nerve dysfunction and 
11% (1/9) experiencing either persistent hypocalcemia or 
airway obstruction requiring tracheostomy. Currently, 
we believe that all patients with a thyroid mass should 
undergo needle biopsy as an initial diagnostic procedure. 
If lymphoma is suspected by cytologic study, an open 
procedure is generally indicated to obtain sufficient tissue 
for accurate histologic and immunologic classification. 
Should the lesion be unilobar and safely removable at 
surgery, then resection is appropriate, and on confirma- 
tion of a diagnosis of lymphoma, the patient should be 
considered for adjuvant treatment. If the lesion infiltrates 
both lobes diffusely or resection is likely to result in 
recurrent laryngeal nerve injury, an incisional biopsy 
should be performed. If the incisional biopsy specimen 
identifies the lesion as lymphomatous, the patient should 
be treated with combined modality therapy, without fur- 
ther surgery. 

In summary, primary lymphoma of the thyroid is an 
uncommon entity that typically presents as a rapidly en- 
larging thyroid mass in elderly women, sometimes with 
a background of Hashimoto's thyroiditis. The diagnosis 
requires a high index of clinical suspicion, is suggested by 
FNAB, and generally requires confirmation by incisional 
biopsy. Preferred treatment consists of multiagent che- 
motherapy and irradiation. Except in the select patient in 
whom gross tumor resection can be carried out without 
jeopardizing the recurrent laryngeal nerves or parathy- 
roid glands, it would appear that there is no longer a sig- 
nificant role for extirpative surgery in the management of 
thyroid lymphoma. 
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Discussion 

MEREDITH P. SMITH, MD, Seattle, Wash: Lymphoma of the 
thyroid is a rare condition. There are probably 300 cases in the 
literature. The 27 cases at the British Columbia Cancer Agency 
in 9 years is a larger number of cases in a smaller period of time 
than you see in the literature. However, I do not think the cases 
are all necessarily comparable, because the patients were oper- 
ated on elsewhere, some were operated on, and some were not. 

Dr Skarsgard pointed out the very interesting phenomenon of 
the bulk of the patients being elderly women with rapidly grow- 
ing tumors that are usually associated with some pressure 
symptoms. Consequently, the clinical picture is more akin to that 
of undifferentiated cancer of the thyroid than the differentiated 
cancers we see so commonly. 

Some of the patients in this series were operated on elsewhere 
with the preoperative diagnosis of possible undifferentiated 
cancer of the thyroid. Fine-needle aspiration in undifferentiated 
cancer of the thyroid is not usually confused with lymphoma or 
Hashimoto’s thyroiditis. Nine patients underwent resection 
elsewhere, with an incidence of 33% injury to the recurrent la- 
ryngeal nerve, and one patient (11%) had hypocalcemia. Hence, 
the article suggests the role of surgery is only for diagnosis, and 
the treatment, which is radiation and chemotherapy, is quite 
successful. 
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At Swedish Hospital Medical Center, in the past 5 years we 
have had five cases of lymphoma of the thyroid; three were in 
patients seen at the Swedish Hospital Tumor Institute and op- 
erated on elsewhere and two were in patients operated on locally 
by myself. One of the patients operated on elsewhere had a tra- 
cheostomy and another had a recurrent laryngeal nerve sacri- 
ficed during lobectomy. 

In 1991, fine-needle aspiration is of paramount importance in 
the workup of thyroid nodules. However, at our hospital the 
fine-needle aspiration is seldom diagnostic. It is usually reported 
as low, moderate, or high probability of tumor, type, etc. For 
low-grade lymphocytes, pathologists like to see growth patterns 
to separate nodular and diffuse lymphoma thyroiditis. Indeed, 
in the literature, lymphoma is associated with Hashimoto’s thy- 
roiditis 60% to 80% of the time. 

I would agree that resection of large tumors of the thyroid, al- 
beit lymphoma or undifferentiated cancer, should not be under- 
taken; instead, perform incisional biopsy for diagnosis and de- 
pend on radiation and chemotherapy for treatment. However, 
I would clear the trachea in the more symptomatic patients. 
Certainly, no operation should cause recurrent laryngeal nerve 
injury or hypocalcemia, as it is not curative. The tumor confined 
to one or both thyroid lobes should be removed without 
morbidity as part of biopsy and possibly contributing to survival. 

Do the authors have any explanation for the low incidence of 
Hashimoto's thyroiditis? Is it because the tumors were quite late 
and the thyroiditis had all been replaced by lymphoma? 

Why such a low incidence of secondary tumors in these lym- 
phomas with a relatively long follow-up? Would you resect a tu- 
mor confined to the thyroid with the hope of adding to survival? 
Would you debulk a tumor to less than 2.5 cm in size to add to 
survival as has been suggested in the literature? Four percent of 
your patients who had radiation therapy had myelitis as a com- 
plication. What did that consist of? 

ORLO H. CLARK, MD, San Francisco, Calif: The authors sug- 
gest that lymphoma is not a surgical disease, but their data do 
not support this conclusion since more patients who had “a 
complete resection” survived. These were patients who had 
smaller tumors and tumors that could be resected. The problem 
is that the surgeons often do not know what tumor they are 
treating. They usually think it is a small cell anaplastic carci- 
noma. My questions for the authors are as follows: (1) how do 
you make the diagnosis of thyroid lymphoma in the operating 
room; (2) how should one treat these patients surgically; and (3) 
if one can perform a safe thyroidectomy, should it be done? 

I would recommend that surgeons clear the trachea in these 
patients, and one should remove the thyroid when it can be done 
safely. If one has to resect a recurrent laryngeal nerve and/or 
parathyroid glands to remove the tumor, then one should get 
only enough tissue to make the diagnosis and also remove an 
involved lymph node, when possible, because the latter some- 
times helps clarify the diagnosis. I also wonder how the authors 
stage patients with thyroid lymphoma. Do they use computed 
tomographic scans, and do they use bone marrow biopsies? 
Should our cytopathologist use special stains to determine 
whether a specific tumor is a lymphoma, or a small cell anaplas- 
tic carcinoma, or Hashimoto’s thyroiditis? 

My last question is, why were there so many tumors more than 
10 cm in size when treated? Was there a delay in treatment? I re- 
alize that these are often rapidly growing tumors, but there seem 
to be too many enormous tumors in this series. 

DAVID TAPPER, MD, Seattle: Biologically, lymphomas behave 
differently. The goal of treatment would be to preserve tissue 
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and treat with chemotherapy and radiation therapy as sug- 
gested. Would your diagnostic ability be improved by the use 
of Tru-cut tissue biopsies rather than fine-needle cytology? 
We have used fine-needle aspiration cytologic findings based 
on prevsous works. With the current availability of stains and 
tumor markers, would your algorithm be more accurate with 
tissue biopsy specimens, stains, and markers to determine 
the type of lymphoma? Appropriate treatment with multimo- 
dal therapy that has been successful with other cancers can 
then be started. 

DR RCBINs: Dr Joe Connors was the clinician giving the med- 
ical treatment to these patients. A patient who has a small sol- 
itary lobe lesion of the thyroid (even if on needle biopsy speci- 
men it was believed to be suspicious of lymphoma) and who at 
surgery nas an easily resectable lesion should have that lesion 
resected by lobectomy. But this is not the average patient with 
lymphoma of the thyroid. I cannot explain why so many of these 
patients had diagnosis delayed so that 30% of the tumors were 
more than 10 cm in diameter, but many of the patients come from 
isolated areas of the province where they have to travel for spe- 
cialized nedical opinion. This is how people in our province 
present. 

Of the patients who had surgery prior to being referred to 
Vancouwer, probably very few had preoperative fine-needle as- 
sessmen:. They were operated on by inexperienced thyroid sur- 
geons thinking they had a tumor that must be removed if at all 
possible. Fine-needle aspiration usually will point you in the 
right direction. As far as Tru-cut needles, Dr Tapper, our 
pathologists seem to want a little more tissue than that for clas- 
sificatior. That is why if there is any question, the patient should 
have open thyroid surgical exploration. Those who have a small 
resectable tumor, yes, go ahead and do a lobectomy; otherwise, 
do a generous incisional biopsy with rush section diagnosis and 
confirmation by the pathologist of diagnosis and enough tissue 
for analysis. We think this will give the best surgical result. Fol- 
lowing this, the patients are completely staged using bone mar- 
row aspiration, computed tomographic scan, chest roentgeno- 
gram, etc. 

I woul disagree that in large lymphomas that appear to be 
obstructing the trachea, it is essential to clear the front of the tra- 
chea. The few patients we have seen with this condition were 
given urgent radiation therapy the day following surgery. This 
can bring about rapid resolution of the mass and relief of tracheal 
obstructive symptoms. I do not think that debulking is very es- 
sential; an diagnosis, immediate treatment will bring about the 
same results without the hazard of surgical complications. The 
one patient receiving radiation therapy who had myelitis had 
some very transient symptoms of upper arm tingling and weak- 
ness tha- rapidly resolved so that there were no permanent 
problems. 

On the issue of Hashimoto’s disease, we have expert pathol- 
ogists; but for some reason, they have tended to underreport the 
association of Hashimoto's disease in patients with a thyroid 
lymphoma and have only reported this diagnosis when it is fla- 
grant. This accounts for the discrepancy between this series and 
reported cases in the literature. I cannot explain why so few of 
these patients (only two in the group) went on to have develop- 
ment of generalized lymphoma. In a woman older than 60 years 
with a rapidly growing thyroid mass, the surgeon should think 
of lymphoma and certainly rule it out before doing any major 
extirpatire surgery that may produce complications. Such pa- 
tients cam be very well treated following diagnosis by chemo- 
therapy and radiation therapy. 
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Reoperative Surgery for Periampullary Adenocarcinoma 
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è In recent years, the morbidity, mortality, and long-term 
survival of patients undergoing surgery for periampullary 
adenocarcinoma have improved. These changes have 
prompted us to reoperate on patients who have previously 
undergone pancreatobiliary surgery, many of whom were 
initially considered to have unresectable lesions. From 1979 
to 1990, 38 patients with pancreatic and 17 patients with 
nonpancreatic periampullary adenocarcinoma underwent 
reexploratory surgery at The Johns Hopkins Hospital, Bal- 
timore, Md. Thirty-three (60%) of these 55 patients had re- 
section at the time of second laparotomy. Of the 46 patients 
undergoing reexploratery surgery with an intent to resect, 
the overall resection rate was 72% (33), 64% (16/25) for 
pancreatic and 100% for nonpancreatic periampullary ad- 
enocarcinoma. Postoperative complications occurred in 21 
patients (38%), but only one patient (2%) died following 
surgery. Mean survivals from reexploratory surgery were 
6.9 months for the 22 patients with pancreatic cancer un- 
dergoing palliative surgery, 20.5 months for the 16 patients 
with resectable pancreatic cancer, and 33.0 months for the 
17 patients with nonpancreatic periampullary adenocarci- 
noma undergoing resection. We conclude that in carefully 
selected patients, reoperative surgery for periampullary 
cancer (1) provides a significant resection rate, (2) can be 
performed safely, and (3) offers a chance for long-term sur- 
vival. 
(Arch Surg. 1991;126:1205-1212) 


n 1898, at The Johns Hopkins Hospital, Baltimore, Md, 
William Halsted’ performed reexploratory surgery on 

a patient with an ampullary carcinoma who had previ- 
ously undergone a local resection. Thirty-seven years 
later, Whipple and his colleagues? described a two-stage 
operation for periampullary malignant neoplasms 
wherein the second stage was, by definition, a reopera- 
tion. In 1941, Trimble and his Johns Hopkins associates? 
reported the first one-stage pancreatoduodenectomy, 
which has subsequently become the standard method to 
treat resectable periampullary adenocarcinoma. Despite 
these early accomplishments, by the 1970s the high mor- 
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bidity and poor survival following resection in patients 
with pancreatic and periampullary adenocarcinoma dis- 
couraged many clinicians from recommending primary, 
and certainly secondary, exploratory surgery.*’ In recent 
years, however, the morbidity, mortality, and long-term 
survival of patients undergoing surgery for pancreatic 
and periampullary adenocarcinoma have improved.*" 
These changes have prompted us to reoperate on patients 
who have previously undergone pancreatobiliary sur- 
gery. Many of these patients were initially considered to 
have unresectable disease and were reoperated on with 
curative intent, whereas others underwent reexploratory 
surgery to establish a tissue diagnosis or to manage late 
complications. This analysis was undertaken to deter- 
mine whether these patients can be operated on safely 
with an acceptable resection rate and a reasonable long- 
term survival. 


PATIENTS AND METHODS 
Patient Population 


A retrospective analysis was performed of all patients who 
underwent reexploratory surgery for periampullary adenocarci- 
noma at The Johns Hopkins Hospital over a 12-year period. Only 
those patients with the histologic diagnosis of pancreatic, am- 
pullary, distal bile duct, or duodenal adenocarcinoma were in- 
cluded. Patients with benign or malignant cystic tumors of the 
pancreas, islet cell tumors, pancreatic adenocarcinomas con- 
fined to the body or tail of the pancreas, more proximally located 
bile duct malignant neoplasms, and chronic pancreatitis were all 
excluded from this analysis. Patients who had undergone a prior 
biliary-enteric bypass or a gastroduodenal operation related to 
the present illness were included. Patients who had undergone 
cholecystectomy within 2 years were also included; however, 
those undergoing simple cholecystectomy more than 2 years be- 
fore reexploratory surgery were excluded from this analysis. 

From January 1979 to December 1990, 55 patients underwent 
reoperative surgery for periampullary adenocarcinoma. These 
patients included 37 men (67%) and 18 women (33%), with an 
average age of 59 years (age range, 33 to 80 years) (Table 1). 
Thirty-eight patients (69%) had pancreatic adenocarcinoma, and 
17 patients (31%) had other periampullary malignant neoplasms, 
including 11 ampullary, four distal bile duct, and two duodenal 
adenocarcinomas. Forty-four (80%) of the 55 patients underwent 
reexploratory surgery in the second half of the study period (1985 
to 1990). Thirty (55%) of the 55 patients underwent surgery in the 
last 3 years (1988 through 1990), and 26 (47%) of the 55 patients 
underwent reexploratory surgery in the last 2 years (1989 
through 1990). 

Previous surgery included biliary bypass alone in 24 patients 
(43%), cholecystectomy with or without common bile duct 
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Table 1.—Patient Population* 





Pancreatic 
A 
Resection Palliation 
(n= 16) (n=22) 
Mean age, y 57.0 59.8 
Age range, y 33-68 39-78 
Sex, % M 75 77 
Prior surgery, % 
Biliary bypass 50 45 
Cholecystectomy + CDE 19 32 
Biliary and gastric bypass 12 18 
Gastroduodenal procedure 12 5 
Pancreatic biopsy 7 0 


All Patients 


Nonpancreatic CR SEES OFS EM 5 EI EAE GL RAEN e CIN 
Periampullary, Resection Palliation Total 
Resectior (n= 17) (n=33) (n= 22) (n=55) 
60.1 58.6 59.8 59.1 
33-80 33-80 39-78 33-80 
47 61 77 67 
35 42 45 43 
35 27 32 29 
12 12 18 15 
18 15 5 11 
0 4 0 2 


*Nonpancreatic periampullary carcinoma includes patients with adenocarcinoma of the ampulla, distal bile duct, or duodenum. CDE 


indicates common duct exploration. 
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Fig 1.— Operative interval in months between initial surgery and re- 
exploratory surgery at The Johns Hopkins Hospital, Baltimore, Md. 
The median interval was 1 to 2 months for patients with pancreatic 
cancer (solid bars) and 2 to 4 months for patients with nonpancre- 
atic periampullary adenocarcinoma (hatched bars). 


12-24 >24 


Nonpancreatic 
Periampullary Total 
(n=17) (n=55) 


Pancreatic 
Symptom (n= 38) 
Weight loss 
Pain 


Jaundice 


Nausea-vomiting 


Fever-chills 
*All values are percents. 


exploratory surgery in 16 patients (29%), both biliary and gastric 
bypass in eight patients (15%), other gastroduodenal procedures 
in six patients (11%), and pancreatic biopsy in one patient (2%) 
(Table 1). The gastroduodenal procedures included local resec- 
tion of an ampullary tumor in four patients and oversewing of 
a duodenal ulcer in two patients. Two of the patients in the group 
who underwent biliary bypass and two in the group who 
underwent cholecystectomy—common duct exploratory surgery 
also underwent pancreatic biopsy at the time of their initial sur- 
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gery. Six patients on whom a biliary bypass procedure was per- 
formed also underwent a cholecystectomy. The type of prior 
surgery was similar between patients with pancreatic or other 
periampullary adenocarcinoma and between those who subse- 
quently anderwent resection or palliative surgery (Table 1). 

The interval between initial surgery and second exploratory 
surgery was less than 1 month in eight patients (15%), 1 to — 
2 months in 18 patients (33%), 2 to 4 months in eight patients — 
(15%), 4 -0 6 months in six patients (11%), 6 to 12 months in five 
patients 9%), 12 to 24 months in six patients (11%), and greater 
than 24 months in four patients (7%) (Fig 1). The median inter- 
val was 1 to 2 months for patients with pancreatic cancer and 2 to 
4 months for patients with nonpancreatic periampullary malig- 
nant neeplasms. Four patients with pancreatic cancer received 
combined radiotherapy and chemotherapy after their initial ex- 
ploratory surgery. 

The most common symptoms on presentation for reexplor- 
atory surgery were weight loss in 27 patients (49%), pain in 21 
patients (38%), and jaundice in 16 patients (30%) (T able 2). Nau- 
sea and vomiting were present in 10 patients (18%), and fever- 
and-chills occurred in six patients (11%). Fifteen patients (27%) 
were asymptomatic at the time of reexploratory surgery, having 
been symptomatic before their initial surgery. No significant 
differences in symptoms were noted between the groups with 
pancreatc and nonpancreatic periampullary adenocarcinoma. 


Preoperative Evaluation 


Preoperative workup included physical examination, routine 
laboratory work, chest roentgenograms, and computed tomo- 
graphic *CT) scans in all patients. Percutaneous transhepatic 
cholangiography or endoscopic retrograde cholangiography was 
performed in 44 of the patients (80%). In recent years, patients 
who were jaundiced before reexploratory surgery and those be- 
ing considered for resection had a Ring catheter placed preop- 
eratively These catheters were inserted to aid in the intraoper- 
ative dissection of those patients with prior pancreatobiliary 
and/or gestroduodenal surgery” and not to reduce postoperative 
morbidity or mortality.” Since 1985, superior mesenteric and ce- 
liac arteriography was performed in almost all patients being 
considered for resection. Patients whose arteriogram demon- 
strated occlusion of the superior mesenteric or portal vein did not 
underge reexploratory surgery. However, if the arteriogram 
was questionable with respect to venous encasement, reexplor- 
atory surgery was undertaken. 


Indications for Surgery 


The indication for reexploratory surgery was to attempt resec- 
tion of the tumor in 46 patients (84%), to palliate symptoms in 
six (11%), and to establish a tissue diagnosis in three (5%). All 
17 patients with ampullary, distal bile duct, or duodenal tumors 
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Pancreatic Ampullary Total 
Operations (n=38) (n=17) (n=55) 


Pancreatoduodenectomy 


Gastric bypass 

Biliary and gastric bypass 
Pancreatic biopsy 

Biliary bypass 

Local resection 





*All values are percents. 


ES - eo A -s t= AEN aa © : ac Fae ‘ i 


Pancreatic Ampullary Total 
Stomach Pancreas (n= 16) (n= 16) (n= 32) 


Antrectomy 
PPPDt Partial 


Antrectomy Total 
PPPD Total 


*All values are percents. 
tPPPD indicates pylorus-preserving pancreatoduodenectomy. 


underwent reexploratary surgery with the intent to resect their 
malignant neoplasm. All nine patients either undergoing reex- 
ploratory surgery for palliative treatment of recurrent jaundice, 
cholangitis, or gastric outlet obstruction or undergoing operation 
to obtain a diagnosis had carcinoma of the pancreas. 


Morbidity Analysis 

Postoperative complications that prolonged hospitalization or 
necessitated additional intervention were included in the mor- 
bidity analysis. Delayed gastric emptying was considered to be 
present postoperatively if a nasogastric tube was required for 
more than 10 days after surgery. A pancreatic fistula was diag- 
nosed if more than 50 mL of amylase-rich fluid per day drained 
for more than 10 days folowing surgery. A biliary fistula was 
defined as more than 50 mL/d of bile-rich fluid draining from 
drains adjacent to a biliary anastomosis. Postoperative pancre- 
atitis was defined as an 2levation of the serum amylase level 
more than two times normal after the third postoperative day 
and/or confirmation of pancreatic inflammation or edema by CT 
scan. A wound infection was considered to have occurred if 
culture-positive purulent drainage that required wound opening 
occurred postoperatively. A myocardial infarction was diag- 
nosed if appropriate electrocardiographic changes were ob- 
served in association with a creatinine phosphokinase isoen- 
zyme elevation. Postoperative mortality was defined as death 
occurring during the postoperative hospitalization even if more 
than 30 days. 


Follow-up and Statistical Analysis 

Follow-up was available for 54 (98%) of the 55 patients. 
Follow-up data were abta:ned by direct communication with the 
patient, family members, the surgeon, the referring physician, 
or from The Johns Hopkins Tumor Registry. All data are 
presented as a percentage of the total number of patients in each 
group. Fisher’s Exact Test was used to compare symptoms, 
morbidity, and other factors between patient groups. Actuarial 
survival rates were analyzed by the Mantel-Cox technique. 


RESULTS 
Procedures Performed 


The operations performed included pancreatoduo- 
denectomy in 32 patients (58%), gastric bypass in eight 
(15%), biliary and gastric bypass in seven (13%), pancre- 
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Pancreatic Ampullary Total 
(n=38) (n=17) (n=55) 


Morbidity 
Morbidity 


Delayed gastric emptyingt 23 
Pancreatic fistulat 
Wound infection 
Biliary fistulat 
Pancreatitist 
Myocardialt 
Mortality 


*All values are percents. 
tPercentages based on number of patients at risk. 
#Includes myocardial infarction and arrythmia. 


atic biopsy alone in six (11%), and local resection in one 
(2%) (Table 3). All palliative procedures and pancreatic 
biopsies were performed in patients with adenocarci- 
noma of the pancreas. Of the 25 patients with pancreatic 
cancer who underwent reexploratory surgery with an in- 
tent to resect, 16 (64%) underwent pancreatoduodenec- 
tomy. Sixteen (94%) of the 17 patients with nonpancreatic 
periampullary adenocarcinomas also underwent pancre- 
atoduodenectomy, whereas one patient with an ampul- 
lary carcinoma had a local resection. Resection was pos- 
sible in 33 (72%) of 46 patients who were considered to 
have resectable lesions based on preoperative assess- 
ment. 

The types of pancreatoduodenectomy that were per- 
formed are presented in Table 4. An antrectomy was per- 
formed as part of the pancreatoduodenectomy in 10 (63%) 
of the 16 patients with pancreatic cancer and in eight 
(50%) of the 16 with nonpancreatic periampullary malig- 
nant neoplasms. Pylorus-preserving pancreatoduodenec- 
tomy was performed in six (38%) of the 16 patients with 
pancreatic cancer and in eight (50%) of the 16 patients 
with other periampullary adenocarcinomas. All pylorus- 
preserving procedures were performed subsequent to 
1985. Partial pancreatic resection was performed in 26 
(81%) of the 32 patients undergoing pancreatoduodenec- 
tomy. Six patients with pancreatic cancer required total 
pancreatectomy. Partial resection of the portal vein was 
also performed in one patient with pancreatic cancer. 
Concomitant resection of the superior mesenteric or he- 
patic arteries was not performed in any of the patients. 

Data on the length of operation and estimated blood 
loss were available for 27 (84%) of the 32 patients with re- 
section. Overall, mean operative time was 8.7 hours 
(range, 4.7 to 14.5 hours), and mean estimated blood loss 
was 1915 mL (range, 150 to 6100 mL). However, if the pa- 
tients with resection are divided into two periods, 1979 
through 1984 and 1985 through 1990, the mean operative 
time and blood loss for the 11 patients in the early group 
were 10.2 hours and 3633 mL, compared with 7.8 hours 
and 906 mL for the 16 patients in the more recent group. 
Moreover, operative time and blood loss were down to 7.6 
hours and 615 mL for the 10 patients undergoing resection 
in 1989 and 1990. 


Morbidity and Mortality 


Data on morbidity and mortality are presented in Table 
5. Morbidity data are presented as the percentage of pa- 
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Fig 2.— Five-year actuarial survival curves from reexploratory surgery 
for patients undergoing palliation for pancreatic adenocarcinoma 


(dashed lines), patients undergoing resection of pancreatic adeno- 
carcinoma (solid lines), and patients undergoing resectian of non- 


40 50 60 


~ pancreatic periampullary adenocarcinoma (dotted lines). The 5-year 


actuarial survivals for the patients with resected ampullary and pan- 
creatic cancers were 31% and 16%, respectively. 


tients at risk in each category. Overall, 21 (38%) of the pa- 
tients suffered a postoperative complication. Delayed 
gastric emptying was the most common postoperative 
complication, occurring in 21% of those patients under- 
going pancreatoduodenectomy, combined gastric and 
biliary bypass, gastric bypass alone, or local ampullary 
resection. Seven (23%) of 31 at-risk patients with pancre- 
atic carcinoma experienced delayed gastric emptying, 
compared with two (12%) of 17 patients with periampul- 
lary tumors. The risk of pancreatic fistula was considered 
to be present following pancreatoduodenectomy with 
partial pancreatic resection. Four (25%) of 16 patients with 
periampullary adenocarcinoma had postoperative pan- 
creatic fistulas, compared with none of 10 with pancreatic 


cancer (P>.05). Two (8%) of 24 at-risk patients with pan- 


creatic malignant neoplasia suffered a biliary fistula, 
compared with none of 17 at-risk patients with nonpan- 


- creatic periampullary adenocarcinomas. 


Pancreatitis was observed in one (3%) of 32 patients 
with pancreatic cancer and some residual pancreas, and 
in none of the 17 patients with nonpancreatic periampul- 
lary carcinoma. All patients were considered to be at risk 
for wound infection and myocardial events. Wound 
infections occurred in three (8%) of 38 patients in the 
group with pancreatic cancer and in none of the group 
with periampullary carcinoma. Finally, two patients with 
a pancreatic malignant neoplasm had myocardial compli- 
cations, one patient experiencing atrial fibrillation and the 
second a nonfatal myocardial infarction. Only one post- 
operative mortality occurred in this series, yielding an 
overall mortality of 2%. 
= Only one complication, a bile fistula, occurred among 
the four patients receiving radiotherapy before reexplor- 
atory surgery; however, this complication was fatal. The 
death was in a 53-year-old woman with pancreatic carci- 
noma who had received 45.0 cGy of external-beam radi- 
ation and fluorouracil following a choledochojejunos- 
tomy and gastrojejunostomy. Preoperative arteriography 


- revealed a replaced right hepatic artery but no venous 


encasement. The pancreatoduodenectomy took 9.5 


_. hours, with 400 mL of blood loss. Postoperatively, a bile 


t leak developed, which was controlled by a percutane- 
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ously placed transhepatic biliary stent and a collection 
catheter. However, on the 37th postoperative day, she 
had hemorrhaging via the percutaneous abdominal drain. 
Arteriography demonstrated a pseudoaneurysm from a 
proximal jejunal branch of the superior mesenteric artery. 
Embolization therapy controlled the hemorrhage but also 
occluded the replaced right hepatic artery. Asa result, the 
right hepatic lobe became necrotic, and clostridial sepsis 
develcped. She died within 48 hours of the embolization, 
despite surgical débridement of the right hepatic lobe. 


Length of Hospitalization 


The postoperative hospital stay ranged from 6 to 60 
days. “our patients receiving palliative surgery for pan- 
creatic malignant neoplasia had postoperative hospital 
stays cf 6 to 10 days. The median postoperative length of 
stay for the 22 patients receiving palliative surgery was 15 
days, and for the 33 patients having resection it was 23 
days. Hospital stays greater than 1 month were observed 
in 12 patients (22%). However, since 1985, only six (14%) 
of 44 patients were hospitalized for more than 1 month. 


Survival 


In addition to the four patients receiving radiotherapy 
and cremotherapy before reexploratory surgery, 10 pa- 
tients with pancreatic cancer received these adjuvant 
therapies after their second operation. Thus, radiother- 
apy amd chemotherapy were employed either preopera- 
tively or postoperatively in four (18%) of the 22 patients 
undergoing palliative surgery and in eight (50%) of the 16 
patients with resection of pancreatic cancer. None of the 
17 patients with nonpancreatic periampullary malignant 
neoplasms received postoperative radiotherapy, al- 
though one patient received combined therapy preoper- ~ 
atively. and two received chemotherapy after resection. 

Mean survival for the 22 patients with pancreatic can- 
cer who did not undergo resection was 6.9 months after 
reexploratory surgery (median, 6 months) but totaled 14.7 
months from their initial surgery. Mean survival for the 
16 patients with pancreatic adenocarcinoma who received 
resection was 20.5 months (median, 8 months). In the 
group with nonpancreatic periampullary malignant neo- 
plasms, mean survival was 33.0 months (median, 19 
months). However, mean survival calculated from the 
time of initial exploratory surgery was 23.8 months (me- 
dian, #0 months) and 49.1 months (median, 36 months) 
for the patients with pancreatic and nonpancreatic malig- 
nant neoplasms, respectively. The five-year actuarial sur- 
vivals following reexploratory surgery are presented in 
Fig 2. Only one of the 22 patients who underwent pallia- 
tive su-gery has survived more than 14 months following 
reexpleratory surgery. The 5-year actuarial survivals for 
the grcups with pancreatic and other periampullary can- 
cers were 16% and 31%, respectively. The longest survi- 
vors with pancreatic and periampullary carcinoma are still 
alive at 140 and 118 months, respectively, after reexplor- 


atory surgery. 
COMMENT 


The aim of this study was to determine whether 
patients who had previously undergone surgery for pan- 
creatic or periampullary adenocarcinoma could safely 
undergo reexploratory surgery for resection or palliative 
operation of their tumors and whether they would have 
a reasonable survival after surgery. In this series of 55 pa- 
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tients, 33 patients (60%) had resection at the time of the 
second laparotomy. Moreover, of the 46 patients under- 
going reexploratory surgery with an intent to resect, the 
overall resection rate was 72%, and the rate was 64% for 
the 25 patients with pancreatic cancer. Postoperative 
complications occurred in 38% of the patients, but only 
one patient (2%) died following surgery. The most fre- 
quent postoperative complications were delayed gastric 
emptying (21%) and pancreatic fistula (15%). Mean sur- 
vivals were 6.9 months for the 22 patients with pancreatic 
cancer undergoing palliative surgery, 20.5 months for the 
16 patients with pancreatic cancer undergoing resection, 
and 33.0 months for the 17 patients with resected non- 
pancreatic periampullary adenocarcinomas. Further- 
more, these mean survival times increase to 14.7, 23.8, 
and 49.1 months if survival is calculated from the time of 
initial exploratory surgery. 

The morbidity and mortality observed in this reopera- 
tive series compare favorably with those recently reported 
in the literature for pancreatoduodenectomy when per- 
formed as a primary operation.* Crist et al° reported 
hospital morbidity and mortality of 36% and 2%, respec- 
tively, among 42 patients with pancreatic cancer operated 
on between 1981 and 1986 at The Johns Hopkins Hospi- 
tal. Similarly, Grace et al* reported a 26% major morbid- 
ity and a 30-day mortality of 2% for a group of 45 patients 
undergoing pancreatoduodenectomy at UCLA from 1980 
to 1984. Both of these previous reports demonstrated im- 
proved hospital morbidity and mortality for pancre- 
atoduodenectomy when compared with earlier periods at 
the same institution. 

Crist and his colleagues’ suggested that fewer surgeons 
performing more pancreatic resections may account, in 
part, for the improved results. This suggestion is con- 
firmed by the fact that the 10 reoperative resections per- 
formed at Johns Hopkins during 1989 and 1990 represent 
a subset of a group of 106 patients undergoing pancre- 
atoduodenectomy at The Johns Hopkins Hospital during 
the same 2-year period with no operative mortality. In 
addition, all 22 patients with pancreatic cancer undergo- 
ing reoperative palliative surgery survived. This result 
also compares favorably with recent reports from this 
country of primary palliative operations. °- 

The postoperative complication rates seen in this reop- 
erative review are also comparable with those observed in 
other series of primary operations.®®111314 Delayed gastric 
emptying and pancreatic fistula occurred in 21% and 15%, 
respectively, of the patients at risk for these complica- 
tions. These rates are quite similar to those recently 
reported by several authors. Moreover, none of these pa- 
tients with early gastric emptying problems or a pancre- 
atic fistula died postoperatively, and all recovered with 
nonoperative therapy. Interestingly, all patients in this 
series in whom a pancreatic fistula developed had a non- 
pancreatic periampullary adenocarcinoma, suggesting 
that a more “normal” pancreas is more likely to leak post- 
operatively. 

Additional factors with respect to safety in performing 
reexploratory surgeries include reasonable operative time 
and minimal blood loss. During the 12 years of this study, 
both operative time and blood loss diminished. As a re- 
sult, in the last 2 years of this analysis, reoperative resec- 
tions were performed in an average of 7.6 hours with a 
mean blood loss of 615 mL. A recent report from this in- 
stitution by Cameron et al demonstrated that an inverse 
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correlation existed between the number of units of blood » 


transfused and the length of survival in patients with 
pancreatic cancer undergoing resection. This analysis has 
led us in recent years to perform even more meticulous 
operations with respect to intraoperative blood loss. 

In these patients undergoing reoperation with curative 
intent, the resectability rates were 64% for pancreatic 
cancer and 100% for nonpancreatic periampullary adeno- 
carcinoma. These relatively high resectability rates attest 
to the careful preoperative selection of these patients. 
Preoperative assessment includes careful review of CT 
scans for size and position of the tumor as well as liver 
metastasis. Since 1985, mesenteric arteriography has also 
been employed. The results of this reoperative series par- 
allel our larger experience with arteriography, suggesting 
resectability in 77% of patients with pancreatic cancer 
with no evidence of venous encasement.'* Although pre- 
operative laparoscopy has been suggested for staging of 
pancreatic cancer," laparoscopy is not an attractive option 
in patients undergoing reexploratory surgery. Preopera- 
tive fine-needle aspiration cytology was also not em- 
ployed in these patients because a diagnosis had been es- 
tablished in the majority of patients at the first operation 
and because of concerns about dissemination of tumor 
cells. 

A few reports have appeared in the literature on reop- 
eration for pancreatic and periampullary malignant neo- 
plasia.” An analysis from the Bradford Royal Infir- 
mary” in England in 1989 included a series of 18 patients 
who had initially undergone a palliative bypass procedure 
and remained fit for reoperation. Eleven (61%) of these 18 
patients underwent a successful resection. These 11 
patients included eight with pancreatic cancer and three 
with other periampullary adenocarcinomas. This group 
advocated a second-look operation in relatively young, fit 
patients, arguing that associated pancreatitis can make 
some tumors initially appear to be locally invasive and, 
therefore, unresectable. In 1979, Moosa” also reported 
reexploratory surgery in 17 patients, with successful 
resection in 11 (65%). All of the patients in Moosa’s series 
were believed preoperatively to have pancreatic adeno- 
carcinoma. At the second exploratory surgery, however, 
two of the patients with resection were discovered to have 
carcinoma of the ampulla of Vater. Moosa suggested that 
pancreatic exploratory surgery with a view to resection 
should be reserved for specialty centers. In 1985, Jones et 
alë from Toronto (Ontario) General Hospital reported that 
50 of 98 patients undergoing resection for various peri- 
ampullary malignant neoplasms had undergone “prelim- 
inary surgery” before referral. Although operative mor- 
tality was only 4% for the 98 patients, specific data were 
not provided on the 50 reoperations. 

The postoperative survival achieved in the 55 patients 
undergoing reexploratory surgery in this series is compa- 
rable with that reported after initial surgery in groups 
with both resection and palliative operation. ®51%21 More- 
over, when the survivals were calculated from the time of 
the first operation, this selected subset of patients with 
periampullary adenocarcinoma survived longer than in 
many reports. This prolonged survival may be due to 
several factors, including careful selection of patients in 
whom the tumor did not progress rapidly after the initial 


: operation, as well as to minimal operative mortality. Of 


the 16 patients with resected pancreatic cancer, six had 
tumors less than 2.5 cm in diameter, and nine had neg- 
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ative lymph nodes. Minimizing blood loss may also have 
improved long-term survival by avoiding the immuno- 
suppressive effects of perioperative blood transfusions.” 
Moreover, the use of adjuvant radiotherapy and chemo- 
therapy in many of the patients having resection of pan- 
creatic cancer may have further improved survival.” 

Debate continues as to the most appropriate means to 
palliate unresectable pancreatic and other periampullary 
adenocarcinomas. Nonoperative management with an 
endoprosthesis has the advantages of lower early mor- 
bidity and lower initial cost, but this approach also has the 
late disadvantages of recurrent jaundice, cholangitis, 
need for endoprosthesis exchange, and duodenal ob- 
struction.?™! One argument against the surgical palliative 
method has been the relatively high early morbidity and 
mortality. However, this series suggests that palliative 
surgery, even when performed as a secondary operation, 
can be performed safely. In addition, in patients who 
suffer recurrent biliary tract problems after a cholecysto- 
jejunostomy and in those with gastric outlet obstruction, 
the surgical palliative approach may be the best option. 
Finally, surgical exploration may provide carefully se- 
lected patients the possibility of resection and long-term 
survival. 

In conclusion, of 46 patients who underwent reexplor- 
atory surgery at The Johns Hopkins Hospital for malignant 
neoplasia of the periampullary region with an intent to re- 
sect, 33 (72%) had resection. The postoperative complica- 
tions, length of hospitalization, hospital mortality, and 
long-term survival compare favorably with similar reports in 
the literature both for primary resection and for second-look 
laparotomy. This series suggests that in carefully selected 
patients, reoperative surgery for periampullary cancer can 
establish a diagnosis or provide further palliative treatment, 
yield a significant resection rate, be performed safely, and 
offer a chance for long-term survival. 
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Discussion 


L. WILLIAM TRAVERSO, MD, Seattle, Wash: Exploration with 
intent to resect the pancreas should be reserved for those groups 
specializing in this operation. The Hopkins group supports this 
premise They and other specialty centers throughout the coun- 
try have shown a declining mortality rate, in the range of 2%, 
after pamcreatic resection for periampullary tumors. 

The reasons for decreased mortality are many and include im- 
proved preoperative assessment for patient exclusion; skill of the 
surgical team; and the perioperative management, which in- 
cludes preoperative support, anesthesia expertise, new anes- 
thetic agents, and compulsive postoperative manipulation — 
with a beat-to-beat ICU observation. Exclusion of patients by CT 
scanning or arteriography avoids the risks of longer operation in 
the patient least likely to benefit. With selection, the resection 
rate therefore increases, as we see in this study, and mortality 
decreases. The same result is achieved by fewer surgeons doing 
more resections, because, as the Hopkins group has shown in 
this and other studies, the operative time and blood loss decrease 
as a reflection of their skill. One of Halsted’s original principles 
of meticalous hemostasis is reconfirmed. An experienced surgi- 
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cal team with modern technologic support can achieve these ex- 
cellent results in regard to safety for patients undergoing surgi- 
cal management of periampullary tumors. 

However, even if the patient survives the surgery, the overall 
outcome is still predicated by the neoplastic disease. Surgery 
alone, with or withoutchemoradiotherapy, is still not the entire 
answer. The term reoperative in this heterogenous group of pa- 
tients was not well defined in the manuscript. I assume that not 
all of the patients were suspected or known to have had a peri- 
ampullary tumor at their original operation. How many patients 
in your study had or were suspected of having periampullary 
cancer during their first operation, so that the second operation 
was therefore a reoperation for the tumor? 

We previously reported that an experienced radiologist, with 
CT scans and pancreatic cancer, can predict unresectability in 
almost every case. Have the authors data to favor arteriography 
over CT scans in assessing resectability? Dr Pat Freeny of our ra- 
diology department has previously reported in Radiology in 1988 
and has updated our experiences to 200 cases with proven pan- 
creatic cancer. We found in that group that 55 of these patients 
had had both arteriograms and CT scans. In 71% of these cases, 
CT scan and arteriography were equal for determining nonre- 
sectability. However, in 26% of these cases, CT scan picked up 
tumor involvement of a vascular nature, which the arteriogram 
missed. In only 5% was the arteriogram better than the CT scan. 
It appears that the encasement of vessels, unless it impinges on 
the portal vein, for instance, cannot be seen by the arteriogram. 

But the arteriogram may be helpful for another reason; 17% of 
patients will have an anomalous vessel arising from the superior 
mesenteric artery that travels near the pancreatic head or inside 
it, providing blood supply to the common bile duct. If that ar- 
tery is present and if itis resected, the biliary anastomosis should 
be expected to leak. Could this have occurred in your case of bil- 
iary fistula and subsequent death? There were eight patients in 
the study whose second operation was gastric bypass only. I as- 
sume these patients had had a previous biliary bypass as their 
first operation. We have observed that patients who have had 
biliary bypass surgically with or without gastric bypass seem to 
have a higher incidence of gastric outlet obstruction. Would you 
comment on a gastric bypass to be done at the time of biliary by- 
pass and what your criteria are to do that? 

Pancreatic fistula was more common in the group expected to 
have a pancreas of nermal consistency, that is, the periampul- 
lary nonpancreatic cancer group. What is your current technique 
for doing the pancreatic anastomosis? With Dr Tom Biehl at my 
institution, we have just completed a laboratory study on 34 dogs 
and found the most important factor for successful pancreatico- 
jejunostomy, regardless of whether a stent was placed, was the 
exact apposition of mucosa to mucosa using the surgical micro- 
scope. 

Finally, was delayed gastric emptying seen more frequently in 
either the standard Whipple or the pylorus-preserving proce- 
dure? We have founce this problem to be associated with either 
operation, and if a subclinical leak is present at the pancreatic 
anastomosis, this promotes delayed gastric emptying. Percuta- 
neous drainage of the abscess resolves the gastric emptying 
problem. 

CHARLES F. FREY, MD, Sacramento, Calif: Failure to diagnose 
pancreatic and peripancreatic cancer is not uncommon. 
Pseudocysts developmg behind an obstructing proximal cancer 
or dilated main pancreatic duct masquerading as chronic pan- 
creatitis are frequent. A clue that carcinoma is the underlying 
cause in these patients presenting as pseudocysts or chronic 
pancreatitis is the absence of a history of alcoholism, which 
should raise the index of suspicion that cancer is the underlying 
cause. 

Reasons for not resecting a pancreatic or peripancreatic malig- 
nancy that we have encountered are age, denial, and lack of his- 
tologic proof of malignancy. With regard to the lack of histologic 
proof of malignancy, the history and radiologic findings, particu- 
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larly of a markedly dilated common bile duct, even the absence of 
histologic proof, should take precedence in the decision to resect. 

The experience of the operating surgeon in pancreatic surgery 
is the reason why some resectable tumors are described at the 
first operation to be unresectable. When such patients present, 
my recommendation is to obtain a CT scan and visceral angio- 
gram of the celiac and superior mesenteric arteries to determine 
if there is tumor obstruction of the superior mesenteric vein or 
portal vein evidenced by collateral circulation or encasement of 
the hepatic artery or metastases. If the major vessels are patent, 
these patients are candidates for reexploration. There is a need 
to improve our diagnosis of pancreatic and peripancreatic 
malignancies and to concentrate these cases in the hands of sur- 
geons capable of recognizing resectable lesions and performing 
the operation with a mortality of under 5%. I feel very badly 
about the patients who may have been resectable at the first op- 
eration but whose disease progressed and at reoperation are 
found to be unresectable. We need to strive to educate our col- 
leagues about pancreatic and peripancreatic malignancies to 
make these tragic stories less common. 

RONALD K. TOMPKINS, MD, Los Angeles, Calif: There is a very 
low morbidity and mortality in a situation of reoperating on pa- 
tients who have had a number of previous operations, some of 
whom have been judged to be unresectable. It’s not well recog- 
nized by many of our medical colleagues today that pancre- 
atoduodenectomy has such a low morbidity and mortality risk 
now that there is no longer an impediment to referring these pa- 
tients for prompt treatment. The authors presented some 
patients over 24 months with pancreatic cancer before they were 
reoperated. I would think that’s a fairly long period of time for 
survival of a pancreatic cancer. I wonder if you could tell us what 
was different about those patients. 

How were these patients referred? Were they referred by the 
surgeons who operated on them, because they knew your cen- 
ter was capable of doing the procedure? Or were they referred 
by internists over the objection of the operating surgeon? Or 
were they self-referred patients looking for some help that 
wasn't available in the community? That would give us a little 
better profile of some of these patients, which previous discus- 
sants have pointed out are heterogeneous. The reported survival 
for periampullary tumors of 31% at 5 years is lower than the 
usual figures. Does that reflect in any way a delayed referral for 
treatment and reoperation? 

JOEL J. ROSLYN, MD, Los Angeles: How many patients referred 
to Hopkins had a histologic diagnosis at the time of their initial 
laparotomy? What steps do you go through at reoperation in the 
patient who does not have a histologic diagnosis? What has been 
your experience with fine-needle aspiration of the pancreas in 
the OR? It has been our experience that a number of these pa- 
tients will be candidates for the Whipple procedure, and yet we 
can’t make a tissue diagnosis. Particularly with patients who 
have distal bile duct tumors, we have been willing to perform a 
radical extirpation despite the inability to confirm the diagnosis 
intraoperatively. What percentage of patients in your experience 
have fallen into that category, and what are your comments 
about that issue? 

DR Pitt: We agree with Dr Traverso’s concept that the expe- 
rience gained at specialty centers is important in improving pa- 
tient outcome. Our own data with respect to operative time and 
blood loss in this reoperative series suggest that we improved 
over the 12-year period of this analysis. In the first 6 years of the 
study, the operative times averaged 10 hours, with a relatively 
high blood loss. During the second half of this analysis, opera- 
tive time averaged less than 8 hours, and blood loss became more 
acceptable. In fact, in the last 2 years, during which half of the 
patients were reexplored, average operative time became even 
shorter and blood loss was even lower. The importance of min- 
imizing blood loss in these patients is not trivial. A recent report 
from Johns Hopkins has shown that in patients with pancreatic 
cancer undergoing resection, as has also been shown with 
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breast, lung, and colon cancer, perioperative blood transfusions 
may influence long-term survival. 

Dr Traverso also suggested that adjuvant therapy may be im- 
portant in patients with pancreatic cancer. Since the publication 
of the GI Tumor Study Group’s trial of postoperative radiation 
therapy and chemotherapy, we have advocated postoperative 
adjuvant therapy for patients with resected pancreatic cancer. 
With respect to the nonpancreatic periampullary adenocarcino- 
mas, no good data on the role of adjuvant therapy are available, 
and a randomized trial should also be performed in these 
patients. 

Dr Traverso also asked how many of our patients were 
suspected or known to have cancer at the first operation. 
Approximately 70% of our patients fell into this category. An in- 
teresting subgroup of patients, however, were those who 
presented with right upper quadrant pain, were found to have 
gallstones, and underwent cholecystectomy. Months to years 
later, these patients were found to have an ampullary adenocar- 
cinoma, and we have wondered whether some of these patients 
didn’t have a slow-growing ampullary tumor for some time. This 
sequence of events is not well documented in the literature and 
should be kept in mind now that we embark on the era of lap- 
aroscopic cholecystectomy. 

A number of discussants commented on the role of preoper- 
ative angiography in these patients. We would agree that infor- 
mation about encasement of the superior mesenteric or portal 
veins can sometimes be gained from the CT scan. We are pres- 
ently involved in an NIH-supported comparison of CT and MRI 
scans with angiography and hope to have more data in the near 
future. However, one advantage for angiography that is obvious 
at this point is the clear picture of vascular anomalies, especially 
the replaced right hepatic artery, which usually courses along 
the neck of the pancreas and the portal vein. Angiography is also 
helpful in elderly patients with a stenosed or occluded celiac axis, 
in whom all of the blood supply to the liver goes through the 
pancreatoduodenal arteries. In this situation, especially if the 
patient is jaundiced, you may need to consider revascularizing 
the hepatic arterial system after resection. 

We have performed gastric bypass for palliation routinely be- 
cause Sarr and Cameron suggest that gastric outlet obstruction 
occurs in 30% of patients. The lower incidence of late duodenal 
obstruction observed in patients managed with an endoscopic 
endoprosthesis was also observed in the randomized trial from 
the Middelsex Hospital in London, England. This observation, 
however, is probably due to patient selection. Those patients in 
whom the endoscope and endoprosthesis can be inserted 
initially have, by definition, a fairly wide-open duodenum that 
may be less likely to obstruct as time goes on. 

With respect to postoperative pancreatic fistula, I agree that a 
fine mucosal-mucosal anastomosis is preferable. However, oth- 
ers in our group prefer the dunking procedure. When we 
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reviewed the UCLA series a number of years ago, the mucosal- 
mucosa anastomosis with a stent had the lowest fistula rate. 
Nevertheless, the present series suggests that a more normal 
gland, es is usually present in patients with ampullary tumors, 
is more likely to leak no matter what type of anastomosis is em- 
ployed. 

With -espect to delayed gastric emptying, our best data com- 

paring < standard Whipple versus the pylorus-preserving pro- 
cedure come from previous larger series, and not from the 
present reoperative series. Delayed gastric emptying in the early 
postoperative period is similar with both operations; however, 
the pylcrus-preserving modification has the late advantage of a 
lower rate of dumping and diarrhea. I agree that the early post- 
operative delayed gastric emptying is often due to other prob- 
lems, such as a minor leak at the pancreatic or biliary anastomo- 
sis. 
Dr Frey also pointed out that elderly patients presenting with 
pancreatitis and no history of gallstones or alcohol intake have 
pancrea‘ic cancer until proven otherwise. In these patients, it 
may be #mportant to let the pancreatitis or pseudocyst resolve so 
that a definitive pancreatic resection of the underlying cancer can 
be undertaken at the initial operation. Regarding the issue of 
histologic diagnosis, we would agree with Dr Frey that it is not 
crucial te establish a diagnosis preoperatively. We are concerned 
that doing a fine-needle aspirate in potentially resectable pa- 
tients may spill tumor cells. Moreover, if a mass is present in the 
pancreatic head at exploration, we will proceed with a resection 
without doing a biopsy. However, we discuss this issue with our 
patients preoperatively and explain that we would rather re- 
move tissue for chronic pancreatitis than miss a small malig- 
nancy. | 

Dr Tompkins asked about the few patients with pancreatic 
cancer who underwent their first operation 24 months previ- 
ously. Seme of these patients developed late jaundice or duode- 
nal obstruction having survived an initial palliative procedure. 
If these patients look as if they will survive several more months, 
another palliative procedure, such as gastrojejunostomy, may be 
indicated. He also asked about who referred the patients. Obvi- 
ously, this was a mixture of patient, surgeon, and gastroenter- 
ologist referrals. However, a number of these patients came 
wanting to know their true diagnosis and whether a resection 
was possible. Dr Tompkins also pointed out that the 31% 
survival for the nonpancreatic periampullary cancer patients was 
a little low. These patients, however, were undergoing reoper- 
ations, and survivals were calculated from the time of the second 
operation. In fact, the mean survival in that group was 33 months 
after reoperation, but went up to 49 months if survival was cal- 
culated -rom the first operation. Finally, although this series 
suggests that reoperations can be done safely and with reason- 
able survival, we would prefer that these patients be referred to 
surgeons who are willing to resect them at the initial operation. 
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Calciphylaxis in Secondary Hyperparathyroidism 


Diagnosis and Parathyroidectomy 


Quan-Yang Duh, MD; Robert C. Lim, MD; Orlo H. Clark, MD 


è Calciphylaxis is a rare, severe complication of secondary 
hyperparathyroidism. Patients present with painful, viola- 
ceous, mottled skin lesions of the upper and lower extrem- 
ities, which become necrotic and produce nonhealing 
ulcers. Gangrene of fingers and toes frequently requires 
amputation, produces nonhealing wounds, and can lead to 
sepsis and death. We reviewed the clinical course of five 
patients with calciphylaxis treated in our institution. The 
three men and two women (aged 47 to 72 years) had sec- 
ondary hyperparathyroidism from chronic renal failure. All 
patients had severe pruritus, painful ulcers, and severe hy- 
perphosphatemia with elevated serum calcium-phosphate 
product (>12 mmol*A), but the serum parathyroid hor- 
mone levels were only moderately elevated. Most patients 
had medial calcification of medium and small blood vessels, 
and some had soft-tissue calcification visible on roentgen- 
ography. Treatment consisted of local wound care, antibi- 
otics, phosphate-binding agents, and parathyroidectomy. 
Two patients died of uncontrollable sepsis. The three survi- 
vors had dramatic improvement of pain and ulcers after 
parathyroidectomy. Calciphylaxis is a limb- and life- 
threatening complication of secondary hyperparathy- 
roidism. Diagnosis can be made by recognizing the charac- 
teristic painful skin lesions, ulcers, and gangrene of the 
digits, and patients should be treated with subtotal parathy- 
roidectomy. 
(Arch Surg. 1991;126:1213-1219) 


C alciphylaxis is a rare complication of secondary hy- 

perparathyroidism. The term calciphylaxis was first 
coined by Selye' in 1962. Fewer than 50 cases were 
reported in the literature as of 1981. Patients with calci- 
phylaxis develop painful, violaceous, mottled skin lesions 
(“livedo reticularis”) that progress to skin and subcutane- 
ous tissue necrosis, boring nonhealing ulcers, and gan- 
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grene. The lesions are characteristically located in the 
hands and fingers, lower extremities, and sometimes 
lower abdomen and buttocks. They may be resistant to 
local wound care and antibiotics, and frequently lead to 
amputation, uncontrollable sepsis, and death. The pa- 
tients usually have hyperphosphatemia and an elevated 
serum calaum-phosphorus product, and some have a 
dramatic response to parathyroidectomy.’ In this article, 
we review the clinical course of five patients with calci- 
phylaxis treated in our institution from 1979 to 1990. We 
found that calciphylaxis can be diagnosed based on the 
characteristic clinical presentation, and that early treat- 
ment with phosphate-binding agents and parathyroidec- 
tomy is required for relief of symptoms and survival. 


REPORT OF CASES (Table) 


CASE 1.—A 64-year-old black man with chronic renal failure 
due to diabetic nephropathy was admitted with severe pain in 
his left hand and generalized pruritus. His medical history 
included hypertension, hypothyroidism, myocardial infarction, 
and an unsuccessful cadaveric renal transplant. Hand roentgen- 
ograms showed calcification of both ulnar and radial arteries (Fig 
1, left). Vascular steal syndrome was considered and banding of 
the left radial artery—cephalic vein polytetrafluoroethylene (Gor- 
tex) fistula was planned. Banding was not done because the pa- 
tient developed similar pain in the right hand and fingers. Dry 
gangrene of the left ring finger progressed and required an am- 
putation at the proximal interphalangeal joint (Fig 1, right). His 
serum calcium level ranged from 2.24 to 2.50 mmol/L, phospho- 
rus level ranged from 1.67 to 2.33 mmol/L, albumin level was 36 
g/L, parathyroid hormone (PTH) level was 1000 pL Eq/mL (nor- 
mal midregional PTH by radioimmunoassay [RIA], <40 uL Eq/ 
mL), alkaline phosphatase was 186 U/L (normal, <115 U/L), 
white blood cell count was 9 x 10°/L, and hematocrit was 0.27. 
Ultrasound examination of the neck failed to reveal any par- 
athyroid enlargement. He was treated with phosphate-binding 
agents, but developed more discomfort and further dry gan- 
grene of fingers in the right hand (Fig 2). He therefore underwent 
a subtotal (342-gland) parathyroidectomy, leaving one half of the 
left upper parathyroid gland. The sizes of the four hyperplastic 
glands were as follows: left upper gland, 1.1 0.50.5 cm: left 
lower gland, 0.8 x 0.6 x 0.5 cm; right upper gland, 1.6 0.60.5 
cm; and right lower gland, 1.3 x 0.7 x0.6 cm. After surgery, his 
serum PTH level dropped to 45 uL Eq/mL (normal midregional 
PTH by RIA, <40 uL Eq/mL) and 33 pg/mL (normal intact PTH 
immunoradiometric assay [IRMA], 10 to 60 pg/mL), calcium level 
was 2.12 mmol/L, and phosphorus level was 1.65 mmol/L. Im- 
mediately after the operation, the pain in his fingers improved 
dramatically. He, however, required further amputation be- 


Summary of Patients With Calciphylaxis 


Preoperative Serum Values 






Case = 
No./ Phos- 
Age,y/ Other Medical Calcium, phorus, Presenting Surgical 
Sex Race Conditions mmol/L mmol/L PTH* Froblems Treatment Outcome 
1/64/M Black Diabetes; 2.50 2.25 1000 Pruritus gangrene Subtotal (3%) Lesions improved, 
hypertension; (mid- of fingers in both parathyroidec- doing well at 
failed kidney regional) hands tomy, amputation 30-mo follow-up 
transplant of fingers 
2/68/M White Diabetes; 2.44 2.65 256 Pruritus. nonhealing Reoperative total Died of wound 
hypertension; (intact) ulcers of both legs (2) parathyroidec- sepsis 2 d after 
stroke; thyroid- and toes; exposed tomy, wound parathyroidec- 
ectomy for hyper- Gortez graft débridement tomy 
thyroidism; peri- 
pheral vascular 
disease 
3/47/F Black Retroperitoneal 1.92 4.30 2100 Pruritus; gangrene Subtotal (3) Died of wound 
fibrosis; cervical (mid- of right foot; parathyroidec- sepsis 6 wk after 
cancer; peripheral regional) necrotzing ulcers tomy, right leg parathyroidec- 
vascular disease of thighs, buttocks, amputation, tomy 
and lower abdomen wound 
débridement 
4/61/F White Polycystic kidney; 2.20 3.00 1400 Pruritus, oainful Subtotal (21) Pain improved, 
polycythemia vera; (mid- hands, fingers, and parathyroidec- doing well at 
thyroidectomy for regional) feet; soft-tissue tomy 2-y follow-up 
multinodular calcification of thigh, 
goiter buttocks, and calves 
5/51/M White Diabetes; 2.96 2.90 1700 Pruritus; Total (4) Lesions improved, 
hypertension; (mid- preganzrenous parathyroidec- died 4 months 
stroke; cirrhosis; regional) lesions of fingers tomy and later of cardiac 
congestive failure and hands autotransplant arrest 


*PTH indicates parathyroid hormone; midregional PTH values are in microliter equivalent, and intact PTH values in picograms per 


milliliter. 


cause of progression of gangrene; this included his right index 
and middle fingers at the proximal interphalangeal joint and ring 
finger at the metacarpophalangeal joint (Fig 3). One year after 
parathyroidectomy, he underwent a left common femoral- 
dorsalis pedis bypass graft to heal a heel ulcer. Thirty months 
after the parathyroidectomy, he had only mild pruritus and no 
further gangrene or pain of the fingers. 

CASE 2.—A 68-year-old white man with chronic renal failure 
due to hypertension and diabetes and a 4-month history of he- 
modialysis was admitted with nonhealing wounds. He had an 
exposed Gortex fistula graft in his left forearm and nonhealing 
ulcers in both legs and feet that were worse in the posterior left 
calf with palpable pedal pulses (Fig 4). He also complained of 
severe generalized pruritus. He had significant coronary artery 
disease with multiple myocardial infarctions, atrial fibrillation, 
and congestive heart failure. He also had a history of stroke and 
chronic obstructive pulmonary disease. Six years earlier, he had 
undergone a femoral-femoral bypass graft for right calf claudi- 
cation and a Dunhill subtotal thyroidectomy for hyperthy- 
roidism with autotransplantation of the right lower parathyroid 
gland into the right sternocleidomastoid muscle. Admission 
laboratory studies yielded the following findings: serum calcium 
level, 2.44 mmol/L; albumin, 35 g/L; phosphorus level, 2.65 
mmol/L; PTH, 256 pg/mL (normal intact PTH by IRMA, 10 to 60 
pg/mL); white blood cell count, 14.6 x 107/L; and hematocrit, 0.43 
(probably due to hemoconcentration from dehydration, since his 
usual predialysis hematocrit was 0.37). Over the next month, the 
patient was treated with systemic antibiotics, local wound care 
and débridement, and phosphate-binding agents that decreased 
the serum phosphorus level to 0.95 mmol/L. Despite the treat- 
ment, he developed more painful necrotic lesions of the skin and 
subcutaneous tissue in both forearms, legs, and feet. The lesions 
in the calves became worse with boring deep necrosis. He 
developed hypotension despite treatment with pressors, and 
worsening sepsis that was resistant to local wound care and sys- 
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temic antibiotics. An emergent parathyroidectomy was per- 
formed The patient underwent removal of all known parathy- 
roid tissues, including a left upper parathyroid gland of 
1.0x08x0.6 cm, three hypercellular parathyroid autotrans- 
plants fom the right sternocleidomastoid muscle, and a bilateral 
thymec-omy. After surgery, his serum calcium level decreased 
to 1.90 nmol/L, phosphorus level to 0.90 mmol/L, and PTH to 
less than 10 pg/mL (normal intact PTH by IRMA, 10 to 60 pg/mL). 
However, his sepsis worsened, blood culture yielded Serratia 
marcescens, and he died 2 days after surgery. At postmortem ex- 
amination, in addition to the multiple nonhealing wounds in the 
upper and lower extremities, an unsuspected abscess in the right 
calf dee> posterior compartment was found. Incision and drain- 
age of this unsuspected abscess before parathyroidectomy may 
have altered his septic course. 

CASE 3.—A 47-year-old black woman was admitted because of 
severe bilateral leg pain and failure to thrive. She had chronic 
renal falure due to obstructive uropathy caused by radiation- 
induced retroperitoneal fibrosis for cervical cancer at age 27 
years, and had been receiving hemodialysis for 2 years. She had 
a history of severe peripheral vascular disease involving the aor- 
toiliac system with left internal iliac artery occlusion, right inter- 
nal iliac artery stenosis, and right external iliac artery and fem- 
oral artery occlusion. She also had had severe pruritus for 1 year. 
On admission, she had a pulseless, gangrenous right foot, and 
had multiple, purple, necrotic, painful skin lesions involving her 
lower abdomen, lower back, buttocks, and medial portion of 
thighs. She had a diminished left femoral pulse and no right 
femoral or pedal pulses. Laboratory studies yielded the follow- 
ing resu_ts: calcium level, 1.92 mmol/L; phosphorus level, 4.30 
mmol/L; PTH, 2100 pL Eq/mL (normal midregional PTH by RIA, 
<40 uL Eq/mL); white blood cell count, 15.1 x 10°/L; hematocrit, 
0.22; alkaline phosphatase, 162 U/L; uric acid, 590 pmol/L; and 
albumin 32 g/L; after dialysis, the serum calcium level was 2.40 
mmol/L, and the phosphorus level, 2.90 mmol/L. Computed to- 
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Fig 1.— Case 1. Left, Roentgenogram of left hand showing calcification of radial, ulnar, and digital arteries. Right, Roentgenogram of hands 
showing calcification of radial, ulnar, and digital arteries and amputation of left ring finger at the proximal interphalangeal joint. 





Fig 2.— Case 1. Dry gamgrene of the distal phalanx of the right mid- 
dle and ring fingers. 


mographic scan of the pelvis showed widespread severe vascu- 
lar and soft-tissue calcification. Abdominal skin biopsy showed 
acute inflammation of the dermis and subcutaneous tissue, 
thrombosed vessels, and calcification of the sweat glands. She 
was treated with antibiotics and phosphate-binding agents. 
Three weeks after hospitalization, she continued to have sepsis 
and underwent a right below-the-knee amputation and a subto- 
tal parathyroidectomy, leaving one normal-sized left upper 
gland. The following three hyperplastic parathyroid glands were 
removed: left lower gland, 0.8 x 0.6 x 0.4 cm; right upper gland, 
1.2 0.50.4 cm; and right lower gland, 0.9 x 0.6 x 0.4 cm. One 
month later, she continued to have wound sepsis requiring dé- 
bridement of multiple areas of myonecrosis, and drainage of 
multiple subcutaneous and subfascial abscesses. She died of un- 
controllable wound sepsis 6 weeks after the parathyroidectomy. 

CASE 4.—A 61-year-old white woman was admitted complain- 
ing of bilateral thigh, calf, shin, and buttock pain associated with 
soft-tissue calcification and generalized pruritus. She had had a 
chronic, painful, slow-healing toe ulcer for many months, and 
also complained of areas of skin changes that were painful and 
tender in her hands, fingers, and feet. She had chronic renal 
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Fig 3.—Roentgenogram of right hand showing multiple amputa- 
tions and persistent vascular calcification after parathyroidectomy. 


failure due to polycystic kidney disease and had been receiving 
hemodialysis for 5 years. She also had polycythemia rubra vera 
with a hematocrit value of 0.52, and had undergone a partial 
thyroidectomy for multinodular goiter 40 years earlier. Physical 
examination showed band keratopathy; violaceous, painful, 
mottled, skin lesions; and necrosis of her fingers and toes. Pre- 
operative laboratory tests showed the following: serum calcium 
level, 2.20 to 3.00 mmol/L; phosphorus level, 3.00 to 3.35 
mmol/L; albumin, 37 g/L; alkaline phosphatase, 274 U/L; PTH, 
1400 uL Eq/mL (normal midregional PTH by RIA, <40 pL 
Eq/mL); and white blood cell count, 15.2 x 10°/L. Roentgenogra- 
phy showed bilateral thigh and calf soft-tissue calcification. She 
underwent a 2!4-gland subtotal parathyroidectomy, leaving one 
half of the left upper gland, and bilateral thymectomy. The right 
upper gland was not identified. The sizes of the three hyper- 
plastic glands were as follows: left upper gland, 0.7 «0.50.5 
cm; left lower gland, 0.6 x 0.5 x 0.5 cm; and right lower gland, 
0.8x 0.60.5 cm. After surgery, her hands felt better, she had 
less musculoskeletal aches and pain, and the areas of skin 
necrosis healed. Six months after surgery, the serum calcium 
level was 2.66 mmol/L, phosphorus level was 1.60 mmol/L, PTH 
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Fig 4.— Case 2. Left, Multiple nonhealing ulcers with central necrosis in the lef leg and foot. Right, Multiple skin lesions and nonhealing 


wound in the left forearm causing exposed Gortex fistula. 


was 11 pg/mL (normal intact PTH by IRMA, 11 to 54 pg/mL), and 
she was without symptoms. Two years after surgery, her serum 
calcium level was 2.24 mmol/L, phosphorus level was 3.10 
mmol/L, and PTH was 5 pg/mL. She continued to have pruritus, 
and occasionally, skin ulcers in the extremities that healed 
promptly after her hematocrit decreased to below 0.36 with 
phlebotomy. 

CASE 5.—A 51-year-old white man with chronic renal failure 
due to diabetes and hypertension and a 12-year history of peri- 
toneal dialysis was admitted because of uncontrolled pruritus 
and hand pain for 8 months. He had a history of peptic ulcer 
disease, chronic obstructive pulmonary disease, congestive 
heart failure, stroke, and cirrhosis. He was not compliant with 
taking oral phosphate-binding agents, and had intermittent hy- 
percalcemia and hyperphosphatemia. His fingers had tender 
areas of skin necrosis with ischemia and yellow discoloration 
from smoking cigarettes. At admission, his serum calcium level 
was 2.96 mmol/L, phosphorus level was 2.90 mmol/L, and PTH 
was 1700 pL Eq/mL (normal midregional PTH by RIA, <40 pL 
Eq/mL). Roentgenography of his hands showed vascular calci- 
fication. Because of his noncompliance with phosphate-binding 
therapy, and thus high risk of recurrence after a subtotal 
parathyroidectomy, as well as high operative risk because of se- 
vere chronic obstructive pulmonary disease, he underwent a to- 
tal parathyroidectomy under local anesthesia with autotrans- 
plantation of twelve 1-mm parathyroid fragments into his left 
forearm. The sizes of the four hyperplastic glands were as 
follows: left upper gland, 0.70.7 0.3 cm; left lower gland, 
1.0 x 0.8 x 0.8 cm; right upper gland, 0.6 x 0.5 x 0.4 cm; and right 
lower gland, 0.7 x 0.7 x 0.6 cm. After surgery, he remained non- 
compliant with phosphate-binding therapy, but his hands 
improved dramatically. They became softer and warmer with 
more pliant skin and softer tissues. Three months after parathy- 
roidectomy, he had a serum calcium level of 2.24 mmol/L; phos- 
phorus level, 3.05 mmol/L; and PTH, 71 uL Eq/mL (midregional 
PTH by RIA, <40 pL Eq/mL). His pruritus and hand pain 
remained improved. Four months after the parathyroidectomy, 
he suffered a cardiopulmonary arrest and died in a nursing 
home. 


COMMENT 
Presentation 


Some patients with chronic renal failure and secondary 
hyperparathyroidism develop various systemic calcifica- 
tion syndromes. The calcification may involve the kidney 
(nephrocalcinosis), lungs (pulmonary calcinosis), heart, 
synovium (tumoral calcinosis), blood vessels, skin (calci- 
nosis cutis), and soft tissue (calcifying panniculitis).** 
These syndromes are frequently associated with hyper- 
phosphatemia due to a decreased renal phosphate clear- 
ance and an elevated serum calcium-phosphate product. 
Calciphylaxis is one of these rare complications of sec- 
ondary hyperparathyroidism. Calciphylaxis may also oc- 
cur in patients with tertiary hyperparathyroidism after 
kidney transplantation,”* and it has also rarely been 
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reported in patients with primary hyperparathyroidism 
due to either a parathyroid adenoma or carcinoma.*" 

Patients usually present with livedo reticularis, painful, 
tender, violaceous skin lesions that are reticular in pattern 
and may be as large as 20 cm. These lesions then evolve 
to central necrosis and ulceration. Gangrene of the distal 
portion of the fingers and toes is characteristic of calci- 
phylaxis, and lesions are also commonly found on the 
forearms, arms, lower abdomen, back, buttocks, thighs, 
and legs. Although fewer than 1% of all patients with 
gangrenous digits have calciphylaxis, when painful dig- 
ital gangrene occurs in patients with uremia, calciphylaxis 
should be suspected. Ischemic myonecrosis with ab- 
scesses is also found in some patients with calciphylaxis.* 
This frequently leads to sepsis, as occurred in two of our 
patients (cases 2 and 3). Severe generalized pruritus, also 
common in patients with calciphylaxis, occurred in all of 
our patients. 

The differential diagnosis of calciphylaxis includes au- 
toimmune disease—associated vasculitis, such as sclero- 
derma. Calciphylaxis-causing skin necrosis must also be 
distinguished from dystrophic calcinosis cutis, which oc- 
curs in skin damaged by ischemia or trauma in patients 
with normal serum calcium and phosphorus levels.” 
Digital pain and gangrene in patients with renal failure is 
unusua. and should raise the suspicion of calciphylaxis. 
Although vascular insufficiency can occur from poorly 
constructed dialysis access, it occurs unilaterally. Non- 
healing painful ulcers of the legs and feet in patients with 
renal failure, on the other hand, are usually due to 
peripheral vascular disease and diabetes. Calciphylaxis is 
more likely if peripheral pulses are intact, proximal ulcers 
are present, and there is no neuropathy. Some patients 
with caiciphylaxis have coexisting peripheral vascular 
disease that may delay the appropriate diagnosis and 
treatment. 


Pathogenesis 


The pathogenesis of calciphylaxis is unknown. The se- 
verity of secondary hyperparathyroidism, as measured 
according to serum PTH levels or symptoms, is not pre- 
dictive of the development of calciphylaxis.'° Hyperphos- 
phatemia and elevated serum calcium-phosphorus prod- 
uct are commonly found in patients with calciphylaxis 
and may have a crucial role in the pathogenesis. Although 
inadequate control of hypophosphatemia is routinely 
found in patients with calciphylaxis, only a few patients 
with hypophosphatemia develop the rare condition of 
calciphylaxis. Metastatic calcification can occur when cal- 
cium and phosphorus are precipitated from the supersat- 
urated selution. Experimental calciphylaxis was first stud- 
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ied in an animal model by Selye et al. They defined an 
experimental condition that caused calcification of various 
organs. Parathyroid hormone, vitamin D, or 1,25- 
dihydrotachysterol was injected as a sensitizer. After a 
critical period, a provoking factor (metal salt, albumin, or 
trauma) was used to cuse calcium deposits and inflam- 
matory necrosis of the skin and subcutaneous tissue in 
these rats.” Another hypothesis is that a state of hyper- 
coagulability in these patients leads to a functional protein 
C deficiency, causing thrombotic occlusion of venules, 
and results in skin necrosis and digital gangrene, a pro- 
cess similar to warfarin sodium (Coumadin)-induced ne- 
crosis.'* It is possible that coexisting conditions in our pa- 
tients, such as diabetes mellitus (in three patients), 
peripheral vascular disease (in two patients), hyperten- 
sion (in three patients). and polycythemia (in one patient) 
also contributed to the development of ischemic skin ul- 
cers of calciphylaxis and made the treatment of their 
wounds less effective. 


Laboratory Studies 


Almost all patients with calciphylaxis present with hy- 
perphosphatemia and elevated serum calcium- 
phosphorus product above 12 mmol’/L’. The serum 
calcium level is usually normal or mildly elevated, and the 
serum PTH level is also usually mildly to moderately el- 
evated (midregional PTH, 1000 to 2000 uL Eq/mL). This is 
in contrast to most patients undergoing parathyroidec- 
tomy for secondary hyperparathyroidism in our institu- 
tion, whose serum midregional PTH levels usually exceed 
4000 uL Eq/mL.” Other abnormal laboratory studies 
include elevated serum urea nitrogen and serum creati- 
nine levels, anemia due to chronic renal failure, elevated 
white blood cell count, increased immature neutrophils 
due to wound sepsis, and mildly elevated serum alkaline 
phosphatase level due to hyperparathyroidism- 
associated bone disease. 

Roentgenography shows calcification of the medium 
and small arteries. The calcification is usually located in 
the media of the vessels. Vascular calcification, however, 
is not pathognomonic for calciphylaxis, since patients 
with diabetes frequently have calcified vessels and more 
than half of the patients with secondary hyperparathy- 
roidism have some vascular or soft-tissue calcification. 
Xeroradiography is a sensitive technique for the study of 
soft-tissue calcification. Subperiosteal bone resorption 
can also be seen on hand roentgenography in some 
patients. 

Biopsy of the skin lesions shows subcutaneous tissue 
calcification and ischemic epidermolysis, as identified in 
three of our patients. Immunofluorescence staining for 
antibodies is negative in calciphylaxis, unlike vasculitis 
due to autoimmune diseases. The diagnosis of calciphy- 
laxis, however, rests on clinical findings of characteristic 
lesions found in patients at risk. Neither skin biopsy nor 
roentgenographic findings are pathognomonic. 


Treatment 


Wound infection should be treated with systemic anti- 
biotics, local débridement of necrotic tissue, and incision 
and drainage of abscesses. Dry gangrene of digits and toes 
without systemic sepsis may be left to autoamputate. This 
preserves length of fingers for better function. 

Serum phosphorus levels should be lowered by a low- 
phosphate diet and treatment with oral phosphate- 
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binding agents such as aluminum hydroxide gel.” Cal- 
cium carbonate is usually not used because of risk of 
hypercalcemia. The calcium-phosphorus product should 
also be lowered by using dialysate with a low calcium 
concentration if the patient is hypercalcemic. 

Parathyroidectomy is the definitive surgical treatment 
for calciphylaxis. The operation of choice is subtotal par- 
athyroidectomy, usually removing 32 glands and leaving 
an equivalent of a normal-sized parathyroid gland; and 
bilateral thymectomy to remove possible ectopic intrathy- 
mic parathyroid glands. Total parathyroidectomy with 
autotransplantation and cryopreservation of remaining 
parathyroid tissue is an alternative method of treating 
these patients and is preferred for patients who are non- 
compliant with phosphate-binding therapy and are at risk 
for recurrent hyperparathyroidism. Cervical or lumbar 
sympathectomy, which relieves vasoconstriction in the 
extremities, has not been found to be helpful in treating 
the ulcers of calciphylaxis. 

Parathyroidectomy is also the only effective treatment 
in patients with calciphylaxis associated with tertiary hy- 
perparathyroidism after renal transplantation.”* There 
are case reports showing that immunosuppressive ther- 
apy with prednisone and azathioprine, which are used to 
prevent rejection of transplanted kidney, may worsen 
calciphylaxis.””’ For these patients, immunosuppression 
may neec to be stopped and transplant rejection allowed. 
Other authors, however, have found prednisone to has- 
ten healing, as in the case with autoimmune vasculitis.” 

Calciphylaxis can be prevented with the prevention of 
secondary hyperparathyroidism. Patients should be 
treated early in the development of chronic renal failure 
with oral phosphate-binding agents, a low-phosphate 
diet, and vitamin D supplements. Hyerphosphatemia 
and elevated serum calcium-phosphorus product should 
be avoided. 


Outcome 


Attempts to heal the ulcers of calciphylaxis with oral 
phosphate-binding agents alone is rarely successful. Par- 
athyroidectomy reduces the calcium-phosphorus product 
and serum PTH levels,” and can have dramatic results 
with immediate lessening of pain and healing of ulcers. In 
most patients successfully treated with both phosphate- 
binding agents and parathyroidectomy, wounds are 
healed in a few weeks. Soft-tissue calcification is im- 
proved m more than half of the patients, but vascular cal- 
cification usually remains. 

Death from calciphylaxis is usually due to uncontrolla- 
ble sepsis from wound infection. Late death after suc- 
cessful treatment of calciphylaxis is most likely caused by 
cardiovascular disease associated with uremia. After suc- 
cessful treatment, calciphylaxis can recur if hyperparathy- 
roidism recurs. Oral phosphate-binding therapy, there- 
fore, should be continued even after successful 
parathyroidectomy. 

Althcugh most authors note dramatic improvement of 
symptoms and healing of ulcers after parathyroidectomy, 
some believe that the prognosis depends more on the lo- 
cation of the disease than the treatment, and that par- 
athyroidectomy does not alter the course of calciphy- 
laxis. Chan et al reviewed the world literature and 
concluced that patients with calciphylaxis involving the 
trunk, shoulder, buttock, or thigh have poor prognosis 
(19 of 22 died), whereas patients with involvement of fin- 
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gers or lower extremities distal to the midcalf have favor- 
able prognosis (eight of 25 died). Both deaths in our se- 
ries also occurred in patients with involvement of the legs, 
thighs, and lower abdomen. However, the dramatic im- 
provement of the other patients and the presence of other 
indications for parathyroidectomy (pruritus and elevated 
serum calcium-phosphorus product refractory to medical 
therapy) in most of these patients convinced us that par- 
athyroidectomy is an important part of the treatment for 
calciphylaxis. If performed before the development of 
advanced sepsis, parathyroidectomy may prevent fatal 
outcomes in some of these patients. 


This study was supported in part by the Medical Research Service 
of the Veterans Affairs Medical Center, San Francisco, Calif. 
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Discussion 


ARMANDO E. GIULIANO, MD, Los Angeles, Calif: While five 
patients may not seem like a large number, this is a rarely rec- 
ognized entity, with only about 60 patients being reported in the 
literature to date. Calciphylaxis is a life-threatening complication 
occurring almost exclusively in secondary hyperparathyroidism, 
but it has been reported in primary hyperparathyroidism. Often 
there is gangrene of the digits, the patients have calcifications in 
the media of small blood vessels, and they may have pulmonary 
or other soft-tissue calcifications. 

The authors’ five patients had significant delays in diagnosis. 
The delay in diagnosis probably contributes to the patients’ high 
mortality. Why was there such a marked delay? Is it merely that 
this is a poorly recognized entity? Or is it more likely that this 
syndrome is easily masked by the serious illnesses encountered 
in these patients with renal failure and secondary hyperpar- 
athyroidism? It is important for us to be able to make the diag- 
nosis because the hyperparathyroidism is a major part of the 
problem, and parathyroidectomy will correct, at least tempo- 
rarily, the patient’s serious illness. 

How can those of us with less experience tell that the gangrene 
of the digits is not due to atherosclerotic vascular disease in pa- 
tients with mild or moderate secondary hyperparathyroidism 
and renal failure? X-ray findings, as we heard, are not patho- 
gnomonic of calciphylaxis. Twenty percent of patients on dial- 
ysis have vascular calcifications. Sixty percent of patients with 
secondary hyperparathyroidism have vascular calcification, and 
probably 75% of patients with tertiary hyperparathyroidism 
have vascular calcifications. At autopsy, 60% of patients on di- 
alysis have pulmonary calcifications. How can we tell that the 
hyperparathyroidism is the root of the problem with the syn- 
drome? Should parathyroidectomy be performed in patients 
with secondary hyperparathyroidism and vascular calcifica- 
tions? What are the authors’ indications for operation for 
secondary hyperparathyroidism in general? What happens to 
vascular and systemic calcifications after parathyroidectomy? 
Patients treated with parathyroidectomy seem to improve clin- 
ically but, as we have seen, the long-term outcome is not favor- 
able. 

Do the authors think it is likely that some degree of calciphy- 
laxis exists in all patients with secondary hyperparathyroidism? 
Do the authors think there is a role for biopsy of the skin lesions 
when this entity is suspected? Is there any value in obtaining a 
bone scan in patients with secondary hyperparathyroidism to 
look for pulmonic calcinosis? Would this affect your opinion to 
perform parathyroidectomy? I have treated two patients with 
calciphylaxis in the last 3 years. The last patient had the diagno- 
sis correctly made by a vascular surgeon who was consulted to 
treat the patient’s gangrene. It is a very complicated clinical pic- 
ture and a very difficult judgment to proceed with operation. 

GEORGE A. HIGGINS, JR, MD, Santa Barbara, Calif: Most of us 
will not have an opportunity to see a patient with this problem 
because it will be seen even less frequently because of the 
decreasing incidence of secondary hyperparathyroidism. 

These interesting skin lesions reminded me of the devastating 
dermatologic manifestations one sees in the glucagonoma syn- 
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drome, the necrotizing migratory dermatitis associated with is- 
let cell pancreatic lesions producing glucagon. The skin lesions 
in the glucagonoma syndrome are believed by some to be asso- 
ciated with a zinc deficiency and there have been reports of re- 
sponse to both local and systemic zinc therapy. Although the 
association with calcium deposits in the lesions seen in the con- 
dition being presented seems to be fairly well established, the 
question of whether these lesions too might be associated with 
some abnormality in trace metals arises. 

WILLIAM C. KRUPSKI, MD, San Francisco, Calif: Is there a role 
for arteriography or echocardiography in these patients, since 
emboli can cause a similar clinical picture? Is there a role for 
medical therapy, partieularly with the calcium channel blockers 
in this condition? Is there a role for infusion of vasoactive agents 
such as loprost, which is a prostacyclin analogue? 

Dr CLARK: I would agree that there was a delay in diagnosis 
with this, and it unfortunately occurred even when we enter- 
tained the diagnosis, because it is a difficult clinical diagnosis. 
The clue to making this diagnosis is the association of renal fail- 
ure with ischemic necrosis and pain. Calciphylaxis usually, but 
not always, involves the upper extremities. This helps to differ- 
entiate it from peripheral vascular disease, diabetes mellitus, 
glucagonoma, and other lesions. One reason for the delay in 
making this diagnosis is that the serum parathyroid hormone 
level in these patients is only moderately elevated. Calciphylaxis 
is also an uncommon condition and was not mentioned in a re- 
cent review from the Mayo Clinic, concerning patients with sec- 
ondary hyperparathyroidism. 

The major clinical elue in our cases was that the manifestations 
involved the hands. We may, however, be underdiagnosing this 
condition in patients who are less severely affected or who have 
more proximal lesions. All of our patients had pain and pruritus. 
Several of the patients held their hands upright. The skin on their 
fingers was dry and with little sensation. Medical treatment for 
calciphylaxis includes vigorous treatment with phosphate bind- 
ers, but there is dramatic improvement following a total par- 
athyroidectomy with parathyroid autotransplantation. Coexist- 
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ing diseases in our patients, such as diabetes mellitus, also 
contributed to delays in treatment. 

All patients with calciphylaxis had a calcium-phosphorous 
product over 12 mmol/L’. In most of these patients, the serum 
phosphate level was above 3.229 mmol/L. Patients with calci- 
phylaxis are noncompliant patients who fail to take a low- 
phosphate diet, or phosphate binders to lower their serum 
phosphate levels. Does calciphylaxis exist in all patients with 
secondary hyperparathyroidism? There are many different soft- 
tissue calcification syndromes in such patients, including tu- 
moral calcinosis, heterotopic and dystrophic calcification, and 
calciphylaxis. Certainly, many patients with either secondary or 
primary hyperparathyroidism have soft-tissue calcification, and 
this may contribute to organ failure. 

I do not believe that any of these patients had bone scans. We, 
however, have had other patients with milk alkali syndrome or 
severe secondary hyperparathyroidism who have had a marked 
uptake of calcium in the lungs and other tissues. Once the hy- 
percalcemia was corrected, the calcium deposits disappeared 
from the soft tissues but not from the vessels. The rash in 
patients with glucogonomas usually involves the groin and more 
proximal areas, and is characterized by a migratory necrolytic 
dermatitis. Hans Selye first described the term calciphylaxis. He 
injected enormous amounts of calcium or vitamin D into rats, 
and they developed necrotic lesions. 

What about the role of arteriography in such patients? 
Certainly, in any patient with ischemic changes, one should ex- 
amine the proximal vessels and listen for bruits and palpate the 
pulses. Doppler flow studies would also be useful. If there is a 
suggestion of proximal vessel atherosclerosis, I would certainly 
perform arteriography on the patients. Most of our patients, 
however, had normal pulses. Three patients, however, had di- 
abetes mellitus, and diabetic microangiopathy might have con- 
tributed to these patients’ problems as did polycythemia rubra 
vera in one of our patients. Medical therapy other than binding 
phosphate appears to be ineffective as is sympathectomy, 
although the latter was not tried in our patients. 
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@ S-phase cells of 66 primary breast cancers were labeled 
in vivo by preoperative infusion of the thymidine analogue 
bromodeoxyuridine. A monoclonal antibody specific for 
DNA-incorporated bromodeoxyuridine was used to identify 
positive cells and compute a labeling index on histologic 
sections. The labeling index (the percentage of cells in 
S-phase) ranged from 0.1% to 23.9%; it correlated posi- 
tively with poorly differentiated cancer, higher mitotic 
counts on routine histologic examination, and tumor size; 
and it correlated inversely with estrogen and progesterone 
receptors. The labeling index did not correlate with nodal 
involvement or ploidy. Of the 15 patients with a labeling 
index greater than 12%, three died and one had systemic 
disease after a median follow-up of 19 months. No other 
patients had recurrences. There were no clinical complica- 
tions of bromodeoxyuridine infusion. 
(Arch Surg. 1991;126:1220-1224) 


G rowth of breast cancer is both ominous and poorly 

understood. It is hoped that improved understand- 
ing of tumor growth will aid in selecting patients who 
might benefit from intensified therapy and facilitate 
development of new insights into the biology of breast 
cancer. 

There is no prospective test for growth of early human 
breast cancer in vivo since accessible cancer is invariably 
removed. Attention, therefore, has focused on measuring 
aspects of tumor biology that are closely tied to growth. 

Synthesis of new DNA is necessary before cell division; 
cells that are synthesizing DNA are said to be in S-phase. 
S-phase cells can be labeled by exposing them to thymi- 
dine analogues (such as bromodeoxyuridine), which are 
incorporated into new DNA in place of naturally occur- 
ring thymidine. The percentage of cells incorporating an 
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S-phase2 labeling agent is called the labeling index. Radio- 
labeled thymidine has traditionally been used to label 
S-phase cells synthesizing DNA. Computer algorithms 
can alse estimate S-phase from flow cytometry DNA his- 
togram3, but these are subject to interference from normal 
cell populations and may be uninterpretable in the pres- 
ence of aneuploid DNA content. Thus, labeling index re- 
mains tae most precise measure of tumor S-phase that is 
currently available. 

Unfortunately, S-phase labeling with the use of radio- 
isotopes such as tritiated thymidine have the drawback 
that they are feasible only in vitro, they are time and la- 
bor intensive, and they produce considerable radioactive 
waste. 

We present initial experience with in vivo labeling of 
S-phase breast cancer cells by preoperative infusion of the 
thymidir e analogue bromodeoxyuridine. After bromode- 
oxyuridine is incorporated into DNA, it can be identified 
in intact cells by monoclonal antibodies that recognize 
only DNA-incorporated bromodeoxyuridine, and a label- 
ing index can be calculated. This bromodeoxyuridine in 
vivo labeling index represents the proportion of cells that 
are synthesizing DNA just before tumor excision. We 
have shown that this bromodeoxyuridine labeling index 
correlates with in vitro tritiated thymidine labeling index 
(r= .87),! and in vivo bromodeoxyuridine labeling index 
has already been used successfully to predict the course 
of brain and gastrointestinal tract cancers.*° 


PATIENTS AND METHODS 


This stucy was approved by the Committee on Human 
Research, aad all subjects provided written informed consent. 

Reconstituted bromodeoxyuridine (supplied by the National 
Cancer Insti-ute, Bethesda, Md, NSC-38297) was infused before 
removal or incisional biopsy of primary breast cancer in 66 
women. For the 30 minutes before the beginning of anesthesia 
(about 60 minutes before tumor excision), patients received an 
infusion of bcomodeoxyuridine (200 mg/m? in 250 mL of normal 
saline). Anesthesia and surgery were performed as usual, and 
freshly excised tissue was processed promptly in the Depart- 
ment of Pathology. 

During routine cutting of fresh tissue, a portion of the tumor 
was excised, “ixed in 70% alcohol, and embedded in paraffin for 
bromodeoxytridine analysis. Standard tissue sections of these 
alcohol-fixed samples were first treated with 2N hydrochloric 
acid to denature the DNA. Alternatively, formaldehyde-fixed 
sections were used after cross-linked proteins were cleaved by 
protease treatment before denaturation with hydrochloric acid. 
A commercial kit (Elite ABC kit, Vector Laboratories, Burlin- 
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Fig 1.—Frequency histagram of bromodeoxyuridine labeling index 
in 66 patients. Black bars represent patients who died or had 
systemic recurrence after a median follow-up of 19 months. 


game, Calif) was usec for indirect immunoperoxidase staining 
using an antibody specific to DNA-incorporated bromodeoxyu- 
ridine. Light counterstaining with hematoxylin allowed detec- 
tion of bromodeoxyunidine-negative cells. The bromodeoxyuri- 
dine labeling index wes determined as the percentage of 
positively stained cells among a minimum of 2000 cells in mul- 
tiple microscopic high-power fields. Cells with any detectable 
staining above background were scored as positive. 

Routine histologic findings for all cases were reviewed 
“blindly” by one pathologist (B.-M.L.). Tumor differentiation 
was scored by standard criteria.* Visible mitoses were counted 
and averaged over 1# high-power fields. Estrogen and proges- 
terone receptors were measured immunochemically (Abbott 
Laboratories, North Chicago, Ill) in the University of California 
San Francisco clinical laboratory. Standard flow cytometric anal- 
ysis of DNA content was used to score for diploid or aneuploid 
tumor populations (fac Scan, Becton-Dickinson Co, Mountain 
View, Calif). 


RESULTS 


There were no immediate or delayed clinical complica- 
tions or side effects related to the infusion of bromodeox- 
yuridine. The bromodeoxyuridine labeling index (per- 
centage of cells in S-phase) ranged from 0.1 to 23.9 
(median, 5.6%; mean, 7.7%). Patients were followed up 
for 1 to 54 months (median, 19 months), during which 
time there were three deaths and one systemic recur- 
rence. Ofinterest, these relapses occurred in patients with 
labeling indexes greater than 12% (Fig 1). Labeling index 
correlated with tumor differentiation (P=.0001) (Fig 2) 
and the presence of a high number of mitotic figures on 
routine histologic examination (P = .0001). Labeling index 
correlated with tumor size (r = .29; P= .023) (Fig 3). When 
one case of a large tumor with a low labeling index is ex- 
cluded, this correlation becomes stronger (r=.46; 
P = .0002). 

The mean labeling index of primary tumors was higher 
with positive axillary node involvement (9.0%+1.2%) 
than when axillary nodes were negative (6.6% +1.0%), 
but this trend did not reach statistical significance 
(P=.13). The mean labeling index was slightly higher in 
aneuploid (8.9% *1.0%) than diploid (5.9% +1.0%) tu- 
mors; however, since there was considerable overlap in 
S-phase values between these two groups of tumors (Fig 
4), this trend also did not reach statistical significance 
(P= .08). Labeling index was inversely related to proges- 
terone and estragen receptor content (Fig 5). With 10 
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ing to whether the tumor was well, moderately, or poorly differen- 
tiated (P = .0001). 
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Fig 3.—Relationship between tumor size and bromodeoxyuridine 
labeling index. There was a significant regression (r= .29; P = .023). 
If the one prominent outlier is excluded, the association is much 
stronger (r=.46; P=.0002). 


fmol/mg of cytosol protein used as a routine threshold re- 
ceptor value for positivity, the mean labeling index was 
6.0%+0.8% for estrogen  receptor—positive and 
10.1%+1.4% for estrogen receptor—negative tumors 
(P = .0009). When the absolute receptor value was used, 
a significant inverse correlation (P=.02) was observed. 
This correlation was much stronger for progesterone re- 
ceptor content (P=.01). While nearly half of all tumors 
with lower labeling index values (<10%) had high prog- 
esterone receptor levels (>150 fmol/mg of protein), less 
than 10% of those with higher labeling indexes had sim- 
ilarly elevated progesterone receptor levels. 

For nine tumors there was sufficient tumor present in 
lymph nodes so that a fresh sample could be fixed in al- 
cohol for comparative labeling studies. For five of these, 
the labeling index of tumor cells in the regional lymph 
node was twofold greater than in the primary tumor. For 
two it was significantly less, and for two it was approxi- 
mately the same. 
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Fig 4.—Frequency distribution of bromodeoxyuridine labeling in- 
dex according to whether tumor was diploid or aneuploid. Mean 
labeling index is higher for aneuploid tumors (8.9%+ 1.0%) than for 
diploid tumors (5.9%+1.0%), but the difference is not significant. 
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Fig 5.— Inverse relationship between progesterone receptors (PR) 
and bromodeoxyuridine labeling index. Many patients had low lev- 
els of hormone receptors and low labeling index, but there was not 
a population with high levels of progesterone receptors and high 
labeling index. 


COMMENT 


In vivo labeling of S-phase tumor cells by preoperative 
bromodeoxyuridine infusion provides a safe, direct basis 
for measurement of the fraction of tumor cells synthesiz- 
ing DNA before cell division. It appears from our prelim- 
inary follow-up that death and/or systemic recurrence is 
associated with primary tumors having a high in vivo 
bromodeoxyuridine labeling index (>12%). This agrees 
with previous reports (based on in vitro labeling of 
S-phase cells with tritiated thymidine labeling index or 
estimates of S-phase cells from DNA histograms) that the 
percentage of cells in S-phase is an independent predic- 
tor of the course of breast cancer.** The similarity of our 
in vivo bromodeoxyuridine results with previous results 
using in vitro tritiated thymidine labeling was expected, 
since we previously showed a strong correlation between 
these two techniques (r= .87), with the bromodeoxyuri- 
dine labeling index averaging 1.2-fold higher than the tri- 
tiated thymidine labeling index.’ 

When compared with routine histologic tumor vari- 
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ables, there was a strong correlation between the bro- 
modeoxyuridine labeling index and microscopically 
counted number of mitoses (per high-power field). While 
this emphasizes the value of classic histologic examina- 
tion, notable discordances were seen in particular cases, 
suggesting that the bromodeoxyuridine labeling index 
proviced a more reliable marker of cycling cells that was 
less subject to possible morphologic ambiguities (eg, 
small or pyknotic nuclei, hyperchromatic cells, and vary- 
ing cell density). A strong correlation was also observed 
between bromodeoxyuridine labeling index and tumor 
grade. As reported by others, high-grade tumors tend to 
grow faster than low-grade tumors and, therefore, have 
a higher fraction of cells entering S-phase.’ High-grade 
tumors are also known to be associated with poorer pa- 
tient prognosis.* 

Other investigators have reported a correlation be- 
tween labeling index and both tumor size and node sta- 
tus.*? We observed a significant association with tumor 
size but not with node status. There were, as well, nota- 
ble incividual exceptions to these general associations. 
Several large T2 and T3 tumors had low labeling indexes, 
and, in fact, our largest tumor (12 cm) had a labeling in- 
dex of only 4.5%. If this one large tumor is excluded from 
the analysis, the correlation between labeling index and 
tumor size becomes much stronger (r= .46; P= .0002). We 
found tumors with high labeling indexes (23.9% and 
17.2%) that were without regional node involvement as 
well as node-positive tumors with very low labeling 
indexes (eg, 0.1%, 0.6%, 1.0%, and 1.3%). Thus, large tu- 
mors are usually rapidly growing, but rapidly growing 
tumors do not always metastasize to regional nodes. 

The presence of a nondiploid or aneuploid tumor pop- 
ulation has been associated with poor prognosis. How- 
ever, the flow cytometric determination of S-phase frac- 
tion in aneuploid tumors is problematic because of 
difficulty discerning S-phase fraction from overlying 
DNA histogram peaks in mixed cell (aneuploid plus dip- 
loid) papulations. We observed a higher mean labeling 
index in aneuploid than diploid tumors, but this was not 
statistically significant; in fact, many aneuploid tumors 
had low labeling indexes, suggesting that the mere pres- 
ence of abnormal DNA content does not necessarily pre- 
dict pocr patient outcome. The notion that aneuploid 
cells, per se, may not signify poor patient prognosis is 
supported by the findings of Layfield et al" that about one 
third of benign giant fibroadenomas also contain signifi- 
cant aneuploid cell populations. 

Of interest is the inverse relationship between estrogen 
and progesterone receptor content and bromodeoxyuri- 
dine labeling index. This relationship has been partially 
addressed by several studies that did not use regression 
analysis.!>! Our data also showed significant differences 
when divided into receptor-positive vs receptor-negative 
tumor groups. Although this dichotomy is useful to an- 
ticipate response to hormone therapy, threshold values 
used for receptor positivity vary between investigators 
and may be rather arbitrary, since they ignore the contin- 
uum of biologic differences between tumors with low, 
medium, and high receptor values. Regression analysis 
more explicitly illustrates the biologic relationship be- 
tween tumor proliferation and hormone receptor content. 
Cell culture studies provide a possible biologic explana- 
tion for the inverse relationship between receptor content 
and bromodeoxyuridine labeling index; slowly proliferat- 
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ing breast cancer cells (low S-phase fraction) contain more 
than twice as much estrogen receptor as the same cells 
that are proliferating rapidly (high S-phase fraction). Pre- 
sumably this is due to the fact that estrogen receptor is 
synthesized predominantly in G, and G, phases of the cell 
cle.” 

"The clinical implication underlying our demonstration 
of an inverse relation between tumor S-phase and recep- 
tor content is that a breast tumor may begin to grow rap- 
idly with the loss of growth control otherwise provided by 
estrogen and progesterone receptors. However, the pres- 
ence of some tumors with low labeling indexes and low 
receptor values might suggest also that a breast cancer can 
lose hormone receptors and still have other metabolic 
constraints preventing the development of a high growth 
fraction and labeling index. 

Finally, we observed in five of nine cases that the breast 
cancer cells that metastasized to regional lymph nodes 
had an S-phase fraction twice that measured in the adja- 
cent primary breast tumor. This observation is consistent 
with the higher growth rates seen in pulmonary meta- 
static breast cancers, which have, on the average, more 
rapid doubling times than primary breast cancers. 

In conclusion, in vivo bromodeoxyuridine permits the 
S-phase labeling of tumor cells before tumor metabolism 
and environment are perturbed by surgery. In prelimi- 
nary follow-up, a high tumor labeling index calculated 
from bromodeoxyuridine-positive cells is associated with 
poor patient prognesis. Increased bromodeoxyuridine la- 
beling index is strongly associated with a high tumor 
grade, frequent mitoses on routine histologic examina- 
tion, larger primary tumor size, and low estrogen and 
progesterone receptor content. 


This study was supported by National Cancer Institute grant 
PO1-44768. 

Antibody specific te DNA-incorporated bromodeoxyuridine for 
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Lawrence Livermore Laboratory, Livermore, Calif. 
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Discussion 


JAMES E. GOODNIGHT, JR, MD, PHD, Sacramento, Calif: This 
measurement of the number of cancer cells in the synthesis 
phase of DNA production correlates very well with other mea- 
sures of prognosis, and in those studies where there has been an 
adequate follow-up, the S-phase determination is an indepen- 
dent predietor of outcome. The importance of S-phase determi- 
nation and its implication for individual patients cannot be taken 
lightly. In all cancers where adequate studies have been done, 
S-phase determination as a measure of the proliferative rate of 
tumor cells is an independent correlate of prognosis and 
estimates the risk of lymph node metastases, distant metastases, 
and death from the cancer. 

It is surprising that a measure of growth rate, which obviously 
links to a genetic program in the cell, actually predicts as well for 
other characteristics that cancer cells must acquire to do their 
work. To establish distant, invasive colonies, these cells must 
have the ability to adhere and to penetrate vascular endothelium 
and produce angiogenesis factor. Nevertheless, determination 
of S-phase is a current and essential clinical measurement that 
can be used in decision making, not the least of which is whether 
to treat node-negative breast cancer patients with adjuvant sys- 
temic chemotherapy. In particular, a low percentage of S-phase 
cells in a patient with other favorable tumor characteristics gives 
a very good prognosis, and that patient probably does not need 
treatment. 

Because of its importance, measurement of the proliferative 
rate by S-phase determination should be done efficiently and re- 
producibly. This determination can be made by thymidine 
labeling and autoradiography. But this is time-consuming. It can 
also be done by flow cytometry. This requires one to obtain and 
to make operational, expensive equipment. The authors point 
out that the flow cytometer measurement of S-phase in aneu- 
ploid cells is somewhat inaccurate, and in fact, 60% of breast 
cancers are aneuploid. Therefore, the apparent reliability and 
reproducibility of S-phase determination by the straightforward 
immunonistochemical technique described by the authors is 
quite appealing. If it can be performed as part of the biopsy, sur- 
gery, and pathology review, it would suggest great clinical use- 
fulness. 

This study has not shown any toxicity from giving the 
bromodeoxyuridine in vivo. What is the potential toxicity if this 
technique actually catches on and is used widely? Can you spec- 
ulate on a percentage level of S-phase below which a patient is 
at minimal or no risk of recurrence? 

What is the potential relationship of S-phase determination to 
gene markers such as HER 2/NEU or to enzyme production such 
as the protease cathepsin D, both of which appear to have prog- 
nostic significance in breast cancer? Can this in vivo test be done 
on fine-needle aspiration biopsy material? Two of the lesions 
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showed a lower S-phase in the lymph node metastases as com- 
pared with the primary tumor. Does this finding suggest a bet- 
ter prognosis for these two node-positive patients? 

JOHN A. BUTLER, MD, Torrance, Calif: The variability in the 
proliferative rate between nodal disease and the primary tumor 
suggests that there might also be variability within the primary 
itself. Have you looked at several distinct segments of the tumor 
to determine if they show a close correlation in terms of the pro- 
liferative rate? How many cells do you usually examine before 
you calculate the proliferative rate for an individual tumor? 

Dr GOODSON: Bromodeoxyuridine was developed for use as 
a chemotherapeutic agent, and there is a fair amount of experi- 
ence with bromodeoxyuridine as a radiosensitizer. I cannot find 
much published on toxicity in people, but there is work on tox- 
icity in baboons and other primates, and it turns out that there 
is no demonstrable toxicity unless you give large, repeated doses 
over a period of time (Hoshino et al, J Neurosurg. 1986;64:453- 
459). 

We use 200 mg/m?. You have to use a much larger dose over 
10 days to 2 weeks to get a rash or occasionally get a slight, re- 
versible bone marrow depression. The drug has a half-life of 
about 30 minutes. Our dose closely approximates the bottom end 
of what has been looked at in a series of in vitro studies trying 
to look at chromosome damage by evaluating sister chromatid 
exchange, and there is not detectable damage even if you main- 
tain cells in this environment for 24 hours. There must be a log 
phase higher concentration to get damage. In this particular set- 


ting, we use a pulse over a fairly short period of time. 

Any time you set a threshold value for this type of test you’re 
potentially in trouble. Cancers are not digital, cancers are ana- 
log. The data on any individual patient must be seen in context. 
Bromedeoxyuridine labeling is more useful as a “red flag” when 
you have looked at patients who have worrisome clinical causes. 

We have not completed our study of possible relationships of 
other tumor markers. We have a paper in preparation showing 
a separate area on the short arm of chromosome 17 that may be 
similar to P53, which relates to our marker. This issue of doing 
the test in fine-needle aspirate (FNA) is very difficult to answer. 
When we first started bromodeoxyuridine labeling, we tried to 
see if we could use FNAs on patients after in vivo labeling. One 
of the problems with FNA is that if you have an FNA on a tu- 
mor, you are looking only at the cells that come out easily, and 
separability of the cells—the ability of the cells to separate from 
the tumor tissue and be collected in the needle—is a character- 
istic that influences the data you get. Just because you are look- 
ing at the population obtained by FNA does not mean you are 
looking at a sample of the entire population of the tumor. 

Finally, to count the percentage of S-phase labeling, we have 
looked at the tumors. There is considerable variability within tu- 
mors. We have selected the most actively growing part of the 
tumor and counted a minimum of 2000 cells over at least 10 or 
12 high-power fields. The pathologist sits down and picks the 
areas and a cytotechnologist does the differential count manu- 


ally. 
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Unique Aspects of Heart and Lung Transplantation 
Exhibited in the ‘Domino-Donor’ Operation 


William A. Baumgartner, MD; Thomas A. Traill, MRCP; 
Duke E. Cameron, MD; James D. Fonger, MD; 
Irvin B. Birenbaum, CCP; Bruce A. Reitz, MD 


During the past 2 decades various refinements in heart and lung transplantation 
procedures have taken place. Improved preservation methods, new immunosup- 
pressive medications, and advances in technical capabilities have allowed innova- 
tive procedures to be performed. In May 1987 the first “domino-donor” operation 
was performed in the United States. A 28-year-old man with cystic fibrosis and 
end-stage lung disease received the heart and lungs of an anonymous donor after 
he donated his heart to a 38-year-old man with end-stage ischemic cardiomyopa- 
thy. The technical and logistical aspects of this transplantation procedure are de- 
scribed herein. Other unusual features of this case that are discussed include 
heart-lung transplantation for a patient with cystic fibrosis, the use of cardiopul- 
monary bypass to allow lung procurement and transplantation across long 
distances, and the current role of heterotopic cardiac transplantation. (JAMA. 


1989;261:3121-3125). 


Reprint requests to Division of Cardiac Surgery, The Johns Hopkins Hospital, 600 N Wolfe St, 


Baltimore, MD 21205 (Dr Baumgartner). 
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AZACTAM” FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION-AZACTAM (Aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacterici- 
dal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to yellowish- 
white lyophilized cake, containing approximately 780 mg arginine per gram of aztre- 
onam for intramuscular or intravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE-Before initiating treatment with AZACTAM, appropriate 
specimens should be obtained for isolation of the causative organism(s) and for de- 
termination of susceptibility to aztreonam. Treatment with AZACTAM may be started 
empirically before results of the susceptibility testing are available; subsequently, ap- 
propriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections (com- 
plicated and uncomplicated), including pyelonephritis and cystitis (initial and recurrent) 
caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter species* and Serratia 
marcescens*. Lower Respiratory Tract Infections, including pneumonia and bronchitis 
caused by Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Haemophilus influenzae, Proteus mirabilis, Enterobacter species and Serratia 
marcescens*. Septicemia caused by Escherichia coli, Klebsiella pneumoniae, Pseu- 
domonas aeruginosa, Proteus mirabilis* , Serratia marcescens* and Enterobacter species. 
Skin and Skin-Structure Infections, including those associated with postoperative 
wounds, ulcers and burns caused by Escherichia coli, Proteus mirabilis, Serratia 
marcescens, Enterobacter species, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
and Citrobacter species*. intra-abdominal Infections, including peritonitis caused by 
Escherichia coli, Klebsiella species, including K. pneumoniae, Enterobacter species in- 
cluding E. cloacae*, Pseudomonas aeruginosa, Citrobacter species* including C. fre- 
undii* and Serratia species* including S. marcescens*. Gynecologic Infections, 
including endometritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneu- 
moniae*, Enterobacter species* including E. cloacae* and Proteus mirabilis*. 

AZACTANM is indicated for adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hollow viscus perforations, cutaneous infections and infections of serous 
surfaces. AZACTAM is effective against most of the commonly encountered gram- 
negative aerobic pathogens seen in general surgery. 


Concurrent Therapy- Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before the causative organism(s) is known in seriously 
ill patients who are also at risk of having an infection due to gram-positive aerobic 
pathogens. If anaerobic organisms are also suspected, therapy should be initiated 
using an anti-anaerobic agent concurrently with AZACTAM. Certain antibiotics (e.g., 
cefoxitin, imipenem) may induce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to many beta-lactam antibiotics including aztreonam. These in vitro findings 
suggest that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam. Following identification and susceptibility testing, appropriate an- 
tibiotic therapy should be continued. 


CONTRAINDICATIONS-Aztreonam is contraindicated in patients with known allergy 
to this antibiotic. 


WARNINGS-Pseudomembranous colitis has been reported with nearly all anti- 
bacterial agents, including aztreonam, and may range in severity from mild to life- 
threatening. Therefore, it is important to consider this diagnosis in patients who 
present with diarrhea subsequent to the administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by Clostridium 
difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic 
measures should be initiated. Mild cases of pseudomembranous colitis usually re- 
spond to drug discontinuation alone. In moderate to severe cases, consideration should 
be given to management with fluids and electrolytes, protein supplementation, and treat- 
ment with an oral antibacterial drug effective against C. difficile (e.g., vancomycin). 
Careful inquiry should be made for a history of hypersensitivity reaction to any an- 
tibiotic or other drugs. Antibiotics should be given with caution to any patient who 
has had some form of allergy, particularly to drugs. It is recommended that patients 
who have had immediate hypersensitivity reactions (e.g., anaphylactic or urticarial) 
to penicillins and/or cephalosporins should be followed with special care. If an al- 





*Efficacy for this organism in this organ system was studied in fewer than ten infections. 





lergic reaction to aztreonam occurs, discontinue the drug and institute supportive 
treatment as appropriate (e.g., maintenance of ventilation, pressor amines, antihis- 
tamines, corticosteroids). Serious hypersensitivity reactions may require epinephrine 
and other emergency measures. 


PRECAUTIONS-General: In patients with impaired hepatic or renal function, appro- 
priate monitoring is recommended during therapy. If an aminoglycoside is used con- 
currently with aztreonam, especially if high dosages of the former are used or if 
therapy is prolonged, renal function should be monitored because of the potential 
nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The use of antibiotics 
may promote the overgrowth of nonsusceptible organisms, including gram-positive 
organisms and fungi. Should superinfection occur during therapy, appropriate measures 
should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility-Carcinogenicity studies in 
animals have not been performed. Genetic toxicology studies performed in vivo and 
in vitro with aztreonam in several standard laboratory models revealed no evidence 
of mutagenic potential at the chromosomal or gene level. Two-generation reproduction 
studies in rats at daily doses up to 20 times the maximum recommended human 
dose, prior to and during gestation and lactation, revealed no evidence of impaired 
fertility. There was a slightly reduced survival rate during the lactation period in the 
offspring of rats that received the highest dosage, but not in offspring of rats that re- 
ceived five times the maximum recommended human dose. 


Pregnancy-Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 and 5 
times, respectively, the maximum recommended human dose, revealed no evidence 
of embryo- or fetotoxicity or teratogenicity. No drug induced changes were seen in 
any of the maternal, fetal or neonatal parameters that were monitored in rats receiving 
15 times the maximum recommended human dose of aztreonam during late gestation 
and lactation. There are no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of human response, 
aztreonam should be used during pregnancy only if clearly needed. 


Nursing Mothers-Aztreonam is excreted in breast milk in concentrations that are 
less than 1% of concentrations determined in simultaneously obtained maternal 
serum; consideration should be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and children. 


ADVERSE REACTIONS-—Local reactions such as phlebitis/thrombophlebitis following 
IV administration, and discomfort/swelling at the injection site following IM admin- 
istration occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions (considered to be related to therapy or of uncertain etiology) occurring at an 
incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. Reactions 
occurring at an incidence of less than 1% are listed within each body system in order 
of decreasing severity: Hypersensitivity-anaphylaxis, angioedema, bronchospasm. 
Hematologic-pancytopenia, neutropenia, thrombocytopenia, anemia, leukocytosis, 
thrombocytosis. Gastrointestinal-abdominal cramps; rare cases of C. difficile-associated 
diarrhea, including pseudomembranous colitis, or gastrointestinal bleeding have been 
reported. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). Dermatologic—purpura, erythema multiforme, 
urticaria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular-hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory—one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice. Nervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizzi- 
ness. Musculoskeletal-muscular aches. Special Senses-tinnitus, diplopia, mouth ulcer, 
altered taste, numb tongue, sneezing and nasal congestion, halitosis. Other—vaginal 
candidiasis, vaginitis, breast tenderness. Body as a Whole-weakness, headache, 
fever, malaise. 

Adverse Laboratory Changes-Those reported without regard to drug relationship 
during clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), and alkaline 
phosphatase; signs or symptoms of hepatobiliary dysfunction occurred in less than 1% 
of recipients (see above). Hemic-increases in prothrombin and partial thromboplastin 
times, eosinophilia, positive Coombs test. Renal-increases in serum creatinine. 


OVERDOSAGE-If necessary, aztreonam may be cleared from the serum by hemo- 
dialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with impaired renal function. In elderly patients, estimates of creatinine clearance 
should be obtained and appropriate dosage modifications made if necessary. 


HOW SUPPLIED-AZACTAM For Injection (Aztreonam For Injection)—Lyophilized-is + 


supplied in-single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single-dose ` 


30 mL vials:containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
tles containing 500 mg or 1 g or 2 g/bottle. Gai 


Consult package insert before prescribing AZACTAM (aztreonam). (J4-231E) 


References: 1. Schentag JJ, Welage LS, Grasela TH, et al: Determinants of antibiotic-associated hypoprothrombinemia. Pharmacotherapy 7(3):80-86, 1987. 2. Sattler 
FR, Moyer JE, Schramm M, et al: Aztreonam compared with gentamicin for treatment of serious urinary tract infections. Lancet 1:1315-1318, 1984. 3. Gudiol F, et al: 


Comparative clinical evaluation of aztreonam versus ami 


noglycosides in gram-negative septicemia. J Antimicrob Chemother 17:661-671, 1986. 4. Birolini D, Moraes 


MF, de Souza OS: Comparison of aztreonam plus clindamycin with tobramycin plus clindamycinin the treatment of intra-abdominal infections. Chemotherapy 35 


(suppl 1):49-57, 1989. 
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people dying. And I don’t 


Dr. Aliza Lifshitz, Internist, Los Angeles, California, Member, American Medica] Association 


Patients come to physicians for many reasons. 
Beyond relief from pain, they seek compassion, 
empathy and support. AIDS patients receive all of 
these and more from Dr. Aliza Lifshitz. 

Born and raised in Mexico and educated at one of 
Mexico City’s finest medical schools, Dr. Lifshitz now 
serves the Hispanic community in Southern California. 
Over a third of her patients have tested HIV positive. 
Most live below the poverty level. Many are illegal aliens, 

“I never forget what it means to be a doctor, and 
what it means is embodied in the Principles of Medical 


Ethics of the American Medical Association (AMA),” 


States Dr. Lifshitz. 


Dr. Lifshitz is a testament to what is best in 
medicine. She is also a member of the AMA. If you 
want to join her, return the attached postage-paid 


card or call 1-800-AMA-32] 1. 
American Medical Association 


Physicians dedicated to the health of America 
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Control of Dumping Symptoms by Somatostatin Analogue 
in Patients After Gastric Surgery 


John L. Gray, MD; Haile T. Debas, MD; Sean J. Mulvihill, MD 


è Octreotide acetate is a long-acting analogue of the nat- 
urally occurring inhibitory gastrointestinal peptide, soma- 
tostatin. We tested the efficacy of octreotide in controlling 
the symptoms of dumping syndrome in response to a pro- 
vocative meal in a randomized, double-blinded, crossover 
trial in nine severely affected patients. Pretreatment with 
octreotide acetate (100 yg injected subcutaneously) re- 
duced postprandial dumping symptoms from a mean+SEM 
score of 15.7+1.6 placebo treatment day) to 4.6+1.7. 
With placebo treatment, all nine patients became symp- 
tomatic in response to the meal, whereas with octreotide 
treatment, symptoms occurred in only two of nine patients. 
Similarly, all placebe-treated patients showed a postpran- 
dial increase in pulse rate to a mean+SEM of 105+6 beats 
per minute, whereas only one of nine octreotide-treated 
patients showed an increase in pulse rate (mean+SEM, 
80+3 beats per minute). These differences were also statis- 
tically significant. While no significant changes were ob- 
served in postprandial hematocrit values or osmolality be- 
tween placebo and octreotide treatments, octreotide 
prevented hypoglycemia in four affected patients and 
significantly inhibited insulin release. We conclude that oc- 
treotide is a useful teol in the treatment of patients with se- 
vere, refractory dumping syndrome. 
(Arch Surg. 1991;126:1231-1236) 


T he pathophysiologic factors in postgastrectomy 

dumping syndrome are poorly understood. The ev- 
idence today suggests that the following three factors may 
be important: (1) rapid gastric emptying of hyperosmolar 
chyme into the proximal small intestine with resultant 
fluid shifts and intravascular volume depletion; (2) release 
of peptide hormones with gastrointestinal and vasomotor 
effects, including vasoactive intestinal polypeptide, neu- 
rotensin, serotonin. bradykinin, and others; and (3) post- 
prandial hypoglycemia due to inappropriately elevated 
levels of serum insulin.’ While the symptoms of dumping 
can be elicited in up to 15% of patients after gastric oper- 
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ations, in fewer than 1% are they disabling.* The reasons 
for these differences among patients are unknown. None- 
theless, the treatment of severe dumping symptoms can 
be trying for physicians and patients alike. 

Recently, a long-acting analogue of the naturally oc- 
curring peptide, somatostatin, was introduced into the 
treatment of patients with symptomatic, metastatic carci- 
noid tumors and VIPomas.’ This analogue, octreotide ac- 
etate, possesses most of the gastrointestinal actions of so- 
matostatin and has the advantage of a longer serum half- 
life, making it clinically applicable. Major actions of 
octreotide include inhibition of gastric emptying, prolon- 
gation of intestinal transit, inhibition of release and action 
of numerous gut peptides, and inhibition of insulin 
release.* These actions make octreotide well suited to the 
treatment of patients with severe dumping syndrome. 
Early results of the use of natural somatostatin in patients 
with dumping have suggested clinical efficacy.*” We de- 
signed a randomized, placebo-controlled, double- 
blinded, cross-over trial to test the hypothesis that oc- 
treotide prevents the symptoms as well as the physiologic 
and biochemical aberrations associated with the dumping 
syndrome in response to a provocative meal in severely 
affected patients. 


PATIENTS AND METHODS 
Patient Selection 


Nine patients (six women and three men) were selected for 
inclusion in the study. All had previously undergone the 
following types of gastric surgery: vagotomy and pyloroplasty 
(n=3), vagotomy and antrectomy (n=2), Roux-en-Y gastric by- 
pass (n=2), selective vagotomy (n=1), and proximal gastrec- 
tomy with jejunal esophageal interposition and pyloroplasty 
(n=1). All nine patients had severe, unequivocal symptoms of 
dumping and had been unsuccessfully treated with dietary 
changes and pharmacologic agents. Patient characteristics are 
summarized in Table 1. 


Study Design 


Each patient was studied after an overnight fast on two sep- 
arate occasions within a 3-day span. After obtaining baseline 
measurements, patients were treated with a 1-mL subcutaneous 
injection of either saline (placebo) or octreotide acetate (100 ug). 
Placebo and octreotide were administered in identical, coded 
syringes in random order by opening sealed envelopes with in- 
structions to administer previously coded syringes labeled “A” 
or “B.” Neither the investigator nor the patient knew the 
contents of the syringes until after completion of the two stud- 
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Table 1.—Patient Characteristics 


Patient No./ 
Age, y/Sex 


1/47/M 





Duration 


Prior Operation of Symptoms 
























Vagotomy, pyloroplasty 


2/45/F Gastric bypass 5y 
3/54/F Gastric bypass 5y 
4/27/M Selective vagotomy 4y 
Gastrectomy, esophageal 
interposition, 
5/46/F pyloroplasty 4y 
6/39/F Vagotomy, pyloroplasty 3y 
Fundoplication, vagotomy, 
7/47/M pyloroplasty 2y 
8/34/F Vagotomy, antrectomy 9 mo 


9/32/F 





Vagotomy, antrectomy 


ies. Thirty minutes after treatment, patients consumed a stan- 
dardized, 400-mL, liquid mixed meal consisting of 2520 kJ, 40% 
fat, 40% carbohydrate, and 20% protein. Postprandial data were 
then collected for the next 180 minutes. This protocol was 
reviewed and approved by the Committee on Human Research 
at the University of California, San Francisco. All patients gave 
informed consent. 


_ Data Collection 


Baseline and postprandial serial measurements of clinical 
dumping score, pulse rate, hematocrit, blood osmolality, and 
plasma insulin and glucose were taken. Dumping scores were 
determined for each patient at different times from answers to 
standardized questions. These symptoms and their scores are 
summarized in Table 2. A score of greater than seven is indica- 
tive of dumping. Blood samples drawn from an antecubital vein 
cannula were collected in chilled tubes containing ethylenedi- 
aminetetraacetic acid (1.5 g/L) and aprotinin (1000 IU/mL) and 
maintained on ice. Hematocrit was determined in duplicate at 
each point using capillary tubes. Blood samples were centrifuged 
and the plasma frozen at —70°C. Plasma osmolality was later 
measured in duplicate by freezing point depression (Digimatic 
osmometer, Advanced Instruments Inc, Needham Heights, 
Mass). Plasma insulin was determined in duplicate using a hu- 
man insulin radioimmunoassay kit (ICN Biomedicals Inc, Costa 
Mesa, Calif). Sensitivity of the insulin assay was 1.4 pIU/mL. 
Plasma glucose was determined in duplicate using a glucose ox- 
idase technique. 


Statistical Evaluation 


All data are presented as means+SEMs. Comparisons be- 
tween groups over time were performed with analysis of 
variance (ANOVA) and the Student-Newman-Keuls test. Com- 
parison between treatment groups of numbers of patients with 
or without given end points was made with x? analysis. P<.05 
was considered significant. 


RESULTS 
Clinical Score 


The baseline clinical score was 1.8+1.1 in this group of 
nine patients and did not differ significantly on repetitive 
testing. On the placebo treatment day, patients had a 
rapid and significant increase in their mean dumping 
score to 15.7+1.6 within 30 minutes after ingestion of the 
provocative meal (Fig 1). The range of peak postprandial 
scores was 11 to 24. These symptoms gradually resolved 
over the following 90 minutes. In contrast, on the oc- 
treotide treatment day, no significant increase in dump- 
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Table 2.—Clinical Dumping Score? _ 


Symptom Score 


Shock +5 
“Almest fainting,” syncope, unconsciousness +4 
Desire to lie or sit down +4 
Breathlessness, dyspnea +3 
Weakness, exhaustion +3 


Sleep ness, drowsiness, yawning, apathy, 
falling asleep +3 


Palpitation +3 
Restlessness 
Dizziress 


Headache 









Feeling of warmth, sweating, pallor, clammy skin +1 
Nausea 





Fullness in the abdomen, meteorism 
Borbo-ygmus +1 
Eructa*ion 





Vomiting 


ing score was observed; 30 minutes after ingestion of the 
provocetive meal, the mean score was 4.6+1.7 (Fig 1). The 
range ef peak postprandial scores was 0 to 11. The 
placebo- and octreotide-treated curves differed signifi- 
cantly by ANOVA. These differences were greatest in the 
first 60 minutes after ingestion of the meal. Octreotide- 
treated patients experienced slight pain at the injection 
site, accounting for the transient increase in symptom 
score neted in the first 15 minutes after subcutaneous in- 
jection (Fig 1). When baseline and peak symptom scores 
were compared (Fig 2), all nine patients had a pronounced 
increase in dumping score in response to the meal on the 
placebo treatment day. In contrast, on the octreotide 
treatment day, only two of nine patients had any relevant 
increase in symptoms. In both of these patients, the 
increase was less than on their corresponding placebo 
treatment days. These differences in numbers of patients 
with symptoms were statistically significant (x*=8.416; 
P= .004). 


Pulse Rate 


Mean baseline pulse rate in these patients was 80+3 
beats per minute. No significant differences were ob- 
served in the basal state on the different treatment days. 
On the placebo treatment day, ingestion of the meal led 
to a rapid and marked increase in pulse rate (Fig 1), with 
a mean peak response of 105+6 beats per minute occur- 
ring 30 minutes after the meal. This corresponded to that 
at the time of maximal clinical dumping score. In contrast, 
on the octreotide treatment day, the increase in pulse rate 
was abolished, with a mean peak response of 80+3 beats 
per minute. As with the clinical score, the pulse rates on 
treatmert vs control days-were significantly different by 
ANOVA. with the greatest differences observed in the 
first 60 minutes after ingestion of the meal (Fig 1). As seen 
in Fig 2, in all patients, peak pulse rate after ingestion of 
the meal on the placebo treatment day increased from 
baseline values, and in eight of nine the increase was 
greater than 10 beats per minute. In contrast, on the oc- 
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Clinical Score 


Pulse, bpm 





—30 0 30 60 90 120 150 180 210 
Time, min 


Fig 1.— Effect of octreatide on clinical score and pulse rate changes 
seen in response to a provocative meal. Patients were pretreated 
(INJ) in a blinded fashion with either placebo (n=9; open circles) 
or octreotide (n=9; Closed circles) on alternate days. Octreotide 
treatment significantly abolished dumping symptoms and tachy- 
cardia. Asterisks indicate P<.05 by analysis of variance and the 
Student-Newman-Keuls test, and bpm, beats per minute. 


treotide treatment day, only one patient had an increase 
in peak pulse rate greater than 10 beats per minute. These 
differences were significant (y?=8.000; P=.005). 


Hematocrit 


The mean basal hematocrit value was 0.38+0.016 and 
did not differ between treatment days. On both the pla- 
cebo and octreotide treatment days, ingestion of the meal 
led to hematocrit increases of 0.03+0.007 and 
0.017+0.005, respectively, at the maximum (Fig 3). This 
was followed by a rapid fall back to basal levels within the 
next 60 minutes. Although the increase and the later fall 
in hematocrit on the octreotide treatment day were 
blunted, these data did not differ significantly from those 
of the placebo treatment day by ANOVA. 


Osmolality 


Mean baseline osmolality was 292+0.8 mmol/kg and 
did not differ between treatment days. Following inges- 
tion of the test meal, a sharp rise in osmolality occurred 
on both treatment days. The mean peak increase in 
osmolality on the placebo day was 5.5+2.0 mmol/kg and 
occurred a mean of 33+8 minutes after the meal. On the 
octreotide treatment day, the mean peak rise in osmolal- 
ity was 4.7+1.1 mmol/kg, and occurred a mean of 63+11 
minutes after the meal (Fig 3). The two curves describing 
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Clinical Score 


Basal Meal Basal Meal 


140 


120 


100 


Pulse Rate, bpm 


80 





60 


Basal Meal Basal Meal 


Fig 2.— Individual patient responses in clinical score and pulse rate 
to a provocative meal on the placebo (closed circles) and octreotide 
(open circles) treatment days are pictured. Octreotide treatment 
significantly reduced the number of patients experiencing symp- 
toms or a rise in pulse rate greater than 10 beats per minute (bpm). 


changes in osmolality were not significantly different by 
ANOVA. The delay in time to peak osmolality seen on the 
octreotide treatment day was statistically significant 
(P= .042). 


Plasma Glucose 


The mean fasting plasma glucose level was 4.2+0.2 
mmol/L and did not differ between treatment days. Fol- 
lowing ingestion of the test meal, plasma glucose rose to 
a mean peak value of 9.1+1.0 mmol/L on the octreotide 
treatment day, and to 6.8+0.8 mmol/L on the placebo 
treatment day (Fig 4). The times to peak postprandial 
glucose response on the placebo and octreotide treatment 
days were 35+8 and 72+7 minutes, respectively. The dif- 
ferences in plasma glucose concentrations and time to 
peak hyperglycemia between the two treatment days 
were both statistically significant. Late hypoglycemia 
(glucose <3.3 mmol/L) was observed in four of nine pa- 
tients treated with placebo and none of nine patients 
treated with octreotide (x? = 2.893; P=.09). 


Plasma Insulin 


The reason for the relative hyperglycemia after oc- 
treotide treatment was evident when plasma insulin lev- 
els were examined. Mean fasting plasma insulin levels 
were 135+32 pmol/L, and did not differ between treat- 
ment days. Following the test meal, insulin levels in- 
creased to a mean of 1162+230 pmol/L on the placebo 
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Fig 3.— Effect of octreotide on hematocrit and osmolality. Although 
no significant differences were present between the two treatments 
in changes in hematocrit values or osmolality, octreotide treatment 
significantly prolonged the time to peak osmolality in response to 
a meal. Open circles represent placebo (n= 9), and closed circles, 
octreotide (n= 9). 


treatment day, but only to 158+29 pmol/L on the oc- 
treotide treatment day (Fig 4). These differences were 
statistically significant by ANOVA. 


Long-term Treatment 


On the average, our nine patients continued receiving 
treatment with octreotide for 5.7+1.3 months. Two pa- 
tients elected to undergo pyloroplasty reversal. Both have 
had excellent results and are no longer being treated with 
octreotide. Four patients elected to stop receiving treat- 
ment for other reasons. In two of these patients, pain at 
the injection site was problematic. The third patient 
developed painful breasts and the fourth developed chest 
pain during octreotide treatment. In neither case was oc- 
treotide suspected to be the cause of the symptom; how- 
ever, both patients elected to stop receiving therapy. 
Three patients continue receiving therapy to date. Two of 
the nine patients required pancreatic enzyme replace- 
ment for steatorrhea during octreotide treatment. 


COMMENT 


This study demonstrates that, in severely affected pa- 
tients, the somatostatin analogue, octreotide, eliminates 
the dumping symptoms, tachycardia, and hyperinsuline- 
mia associated with the dumping syndrome. Late hypo- 
glycemia, which occurred in only four patients in this 
group, is abolished by octreotide treatment. In addition, 
octreotide prolongs the time to peak postprandial glucose 
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Fig 4.— Effect of octreotide on plasma glucose and insulin levels. 
Octreotide significantly inhibited insulin release and delayed the 
peak postprandial glucose response. Open circles represent pla- 
cebo (n= 9); closed circles, octreotide (n= 9); and asterisk, P<.05 by 
analysis of variance. 


levels and peak osmolality. These effects of octreotide are 
consistent with those reported by others.*” 

Inasmuch as the pathophysiologic factors of the dump- 
ing syndrome are poorly understood, no clear statement 
can be made as to the mechanism of the beneficial action 
of octreotide. In patients with predominantly vasomotor 
and gastrointestinal symptoms, it is thought that rapid 
gastric emptying of hyperosmolar chyme,” intravascular 
fluid depletion, and release of gastrointestinal hor- 
mones* are responsible. A smaller group of patients have 
mainly symptoms of hypoglycemia occurring 1 to 2 hours 
after meals. In these patients with “late” dumping syn- 
drome, rapid absorption of glucose, early hyperglycemia 
provoking brisk insulin release, and late “reactive” hypo- 
glycemia are noted. 

Data trom this study support the concept of rapid fluid 
shifts and intravascular volume depletion as pathophys- 
iologic features of “early” dumping. All patients experi- 
enced an increase in pulse rate, hematocrit values, and 
serum osmolality on the placebo treatment day. While an 
ameliorating trend was present in the changes in hemat- 
ocrit values and osmolality with octreotide treatment, 
only pulse rate and time to peak osmolality were signif- 
icantly affected. It is possible that measures such as 
osmolality and hematocrit values are too crude to detect 
important changes in intravascular volume status. Alter- 
natively, the beneficial effects of octreotide may lie else- 
where, such as in the inhibition of peptide release. Oth- 
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ers have noted inhibition of enteroglucagon, neurotensin, 
vasoactive intestinal peptide, gastric inhibitory peptide, 
pancreatic polypeptice, and peptide YY release by soma- 
tostatin or octreotide.*™!11516 The importance of these 
peptides in the pathophysiologic processes of early 
dumping remains to be determined. 

In contrast, in patients with symptoms of late dumping, 
it is clear that the potent inhibition of insulin release by 
octreotide prevents the late onset of hypoglycemia. Ad- 
ditionally, the time to peak postprandial plasma glucose 
level in this study was markedly later with octreotide 
treatment than with placebo, suggesting delayed glucose 
absorption. This could occur via delayed gastric empty- 
ing” or via inhibition of intestinal glucose uptake. ® 

While this study has clearly shown a benefit of oc- 
treotide treatment in eliminating the symptoms of dump- 
ing after a provocative meal, it remains to be determined 
whether octreotide will be of long-term value. Several 
features of octreotide make it unattractive for long-term 
administration, including cost, need for subcutaneous 
administration, associated discomfort, and potential for 
long-term tachyphylaxis. 1920 

Of our nine patien:s, only three have chosen to con- 
tinue receiving octreotide treatment to date. For some, 
injection site pain proved more troublesome than dump- 
ing symptoms. Others opted for remedial surgery with 
the hope of eliminating the need for long-term drug ther- 
apy. In any event, for select patients, octreotide clearly 
has value in reestablishing relatively normal eating pat- 
terns. It is anticipated that the future development of na- 
sally or orally administered analogues of somatostatin will 
be more acceptable alternatives for long-term treatment of 
these difficult patients. 


Octreotide acetate was the gift of the Sandoz Corporation, East 
Hanover, NJ. 

We acknowledge the assistance of Michael O’Connor, MD, PhD, 
for assaying the plasme glucose samples, and Eleanor Leveau for 
preparing this article. 
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Discussion 


BRUCE E. STABILE, MD, San Diego, Calif: Results of this 
randomized, double-blind, crossover trial have confirmed the 
previously published anecdotal reports regarding the clinical ef- 
ficacy of this new therapeutic approach. While several important 
physiologic and biochemical measurements corroborated the 
role of octreotide in ameliorating the pathogenic events associ- 
ated with dumping syndrome, the most dramatic finding was 
the virtual ablation of postprandial discomfort in all but two of 
the nine patients studied. 

Specifically, which symptoms were not controlled in those two 
patients and were there physiologic or biochemical correlates of 
the persisting symptoms? Furthermore, were any peptide hor- 
mones other than insulin measured in any of the patients? Since 
somatostatin is known to inhibit both the release of peptides as 
well as their action on target cells, the effect of octreotide on va- 
soactive intestinal peptide, gastric inhibitory peptide, pancreatic 
polypeptide, neurotensin, enteroglucagon, and others in these 
patients would be of considerable interest. There was no men- 
tion in this study of the diarrhea associated with the patients’ 
dumping symptoms. Since octreotide has been shown to in- 
crease mouth-to-cecum transit time by a factor of three in nor- 
mal adults, it would be particularly interesting to study the tran- 
sit times and fecal outputs in these patients. 

We recently reported a dramatic response to octreotide in a 
patient with severe secretory diarrhea following left hemicolec- 
tomy and transverse colostomy for an obstructing adenocarci- 
noma of the descending colon. Postoperatively, the patient's co- 
lostomy output exceeded 10 L/d, and jejunal perfusion studies 
suggested that the voluminous colostomy output was caused by 
a markedly abnormal net secretion of water and electrolytes by 
the small intestine. These abnormalities were completely re- 
versed with octreotide administration and the patient’s net se- 
cretion of electrolytes and water reverted to net absorption. 

Colostomy output declined to approximately 1 L/d on treat- 
ment, returned to greater than 10 L/d on withholding octreotide, 
and again fell to 1 L/d on reinstitution of therapy. Glucose 
absorption, which was markedly depressed prior to treatment, 
also returned to normal with administration of octreotide. Did 
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the authors measure intestinal water and electrolyte fluxes or 
glucose absorption in any of their patients? An important aspect 
of this study lies in the implications for long-term therapy of 
dumping syndrome with octreotide. The four patients with late 
reactive hypoglycemia clearly benefited from the administration 
of the peptide. The data presented suggested that the enteroin- 
sular axis that is mediated by gastric inhibitory peptide was in- 
terrupted by octreotide while the late insulin response normally 
seen in response to B-cell stimulation by hyperglycemia seems 
also to have been markedly suppressed. Thus, following oc- 
treotide administration, the patients demonstrated postprandial 
glucose and insulin responses similar to those seen in type I di- 
abetes mellitus. 

Would the authors speculate on the clinical significance of this 
iatrogenic diabetes? Is there any experimental information 
regarding ß-cell function following cessation of chronic soma- 
tostatin administration? Furthermore, are they concerned about 
malabsorption and the potential for development of cholelithi- 
asis in these patients with truncal vagotomy? Is the development 
of an iatrogenic somatostatinoma syndrome of any real concern 
in patients receiving chronic somatostatin therapy? 

Finally, I feel compelled to comment on the best form of treat- 
ment for these patients: namely, prevention. I note with interest 
that six of the nine patients had vagotomies and all but one of 
these were performed within the preceding 4 years. Five patients 
had undergone truncal and one patient selective vagotomy. Do 
the authors have information regarding the indications for these 
operations and, if so, how many of the six could have reasonably 
undergone proximal gastric vagotomy? It is my firm conviction 
that, in the absence of gastric outlet obstruction or exigent hem- 
orrhage, most patients with duodenal ulcer requiring operation 
are better served with proximal gastric vagotomy (PGV) than 
with truncal or selective vagotomy. Only PGV reliably eliminates 
the development of the disabling dumping symptoms manifest 
by the patients in this study. 

CLIFFORD W. DEVENEY, MD, Portland, Ore: There is a differ- 
entiation between early and late dumping. Late dumping is re- 
ally a consequence of hyperinsulinism and a low glucose level. 
The data in these patients suggest that octreotide controlled that 
response very well, so I would suspect that late dumping syn- 
dromes were very well controlled. Did the authors differentiate 
late from early dumping in their patients and look at those two 
different entities? One of the effects of octreotide is on gastric 
emptying. In normal individuals, it delays gastric emptying sig- 
nificantly. Was gastric emptying measured in these patients and 
did they correlate any delays in gastric emptying with ameliora- 
tion of symptoms? One of the most profound effects of octreotide 
is the inhibition of insulin release, and in gastrinoma patients 
who are on long-term treatment, hyperglycemia and diabetes is 
often a problem. Did the authors see that in any of these patients 
during long-term therapy? 

DAVID TAPPER, MD, Seattle, Wash: Please comment on the 
long-term effects of somatostatin. Specifically, what are the 
long-term effects of somatostatin on growth hormone? 

RONALD K. TOMPKINS, MD, Los Angeles, Calif: I would like to ask 
the authors to tell us about their technique of pyloroplasty reversal. 

DR DEBAS: The most important aspect of management is pre- 
vention. Highly selective vagotomy is the treatment of choice in 
elective ulcer surgery and complications such as dumping can be 
prevented. Of the six patients in the study who had peptic ulcer 
disease, two had pyloric obstruction, and therefore they were 
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not candidates for highly selective vagotomy. I do not know 
about the indication for surgery in the other four. 

The symptom that did not improve in the two patients who 
had some persistence of their dumping symptoms after oc- 
treotide treatment was abdominal pain. In patients who are 
treated with octreotide for other reasons, say for diarrhea, one 
of the side effects is abdominal pain. It probably has to do with 
accumulation of fluids in the intestine. The same mechanism 
may have been operative in these two patients. We did not mea- 
sure other peptides in this study. Only one patient had diarrhea 
and this was completely controlled with octreotide. We did not 
study intestinal fluxes of ions either. The role of somatostatin in 
small-bowel obstruction in animal studies is to cause marked in- 
hibition of fluxes in various ions. 

Long-term complications of somatostatin treatment are quite 
significant. The iatrogenic diabetes that somatostatin causes is 
not a serious clinical problem. Some patients will develop some 
degree of hyperglycemia, but the hyperglycemia is typically very 
mild because you inhibit not only the release of insulin but also 
the release of glucagon. What has not been written about enough 
is that a significant number of patients might sustain hypogly- 
cemia attacks. In fact, hypoglycemia seems to be more frequent 
in patients with dumping syndrome. This is a complication that 
would preclude further treatment with somatostatin. 

Malabsorption isa real problem. The problem is maldigestion due 
to inhibition of pancreatic enzymes and almost all the patients we 
have with the carcinoid syndrome who are on somatostatin have 
very marked maldigestion and have to take pancreatic enzyme re- 
placements. Cholelithiasis probably would occur in about 25% of 
patients if they are treated long-term. Four patients had late dump- 
ing syndrome in this group of nine, and all of the late dumping 
symptoms were totally controlled with octreotide. 

We did not study gastric emptying in these patients after 
treatment, although they were studied before. Somatostatin in- 
hibits gastric emptying in normal individuals, but apparently, 
certain patients with delayed gastric emptying, particularly 
those with diabetic gastropathy, have improvement of their gas- 
tric emptying. The improvement appears to be secondary to the 
effect of somatostatin on the migrating motor complex in the in- 
testine. This was not studied in this group of patients. 

Pyloroplasty reconstruction is a reasonable procedure to con- 
sider in these patients. We have a combined experience of less 
than 10 patients. The results are dramatic in most patients early 
postoperatively. Unfortunately, in more than half of the patients 
the dumpmg will recur after some time. The operation is entirely 
simple. Yeu open the pyloroplasty along the previous incision, 
which is now transverse, and then you palpate the posterior as- 
pect of the pylorus to identify the sphincter muscle. You follow 
the muscular ridge laterally on both sides to identify the sphinc- 
ter muscle, and when you come to the end of the muscle you put 
a silk suture to mark the edge. Then you close the pyloroplasty 
in the reverse way so that you finish with your incision in a ver- 
tical direction. The reconstruction must approximate the cut 
edges of the sphincter muscle. The operation does not always 
work. It is so simple, however, it is worth trying in these 
patients. If it works, it is much better than long-term treatment 
with injectable drugs such as somatostatin. It is not appropriate, 
except perhaps in highly selected patients, to perform the 
reverse jejunal segment to control dumping. The procedure in- 
troduces more complications than it solves and we do not sup- 
port its use except in extremely rare cases. 
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Is Early Prediction of Outcome in 
Severe Head Injury Possible? 


Kenneth Waxman, MD; Michael J. Sundine, MD; Ronald F. Young, MD 


© To determine whether the outcome of patients with severe 
head injury could be predicted early after presentation to the 
hospital, the records of 306 trauma patients with head injury 
and Glasgow Coma Scale scores of 10 or less were reviewed. 
There was poor correlation between initial scores at patient 
arrival and eventual outcome, while scores 6 hours after pre- 
sentation correlated better with eventual outcome. Many 
patients with scores as low as 3 had good neurologic recov- 
ery. Patient age, associated injuries, blood pressure, mech- 
anism of injury, presence of spontaneous ventilation, and 
computed tomographic findings all affected survival. How- 
ever, considering even these parameters, statistical analysis 
could not provide sensitive prediction of outcome, which we 
defined as identifying those patients who eventually had 
good recovery. We conclude that initial therapy should be 
aggressive for patients with severe head injury, regardless of 
initial neurologic status, because accurate prediction of out- 
come within 6 hours of presentation is impossible. 
(Arch Surg. 1991;126:1237-1242) 


Te high incidence of death and disability after severe 
head injury has been well documented." In this era 
of cost containment and managed care, there has been in- 
creasing interest in early identification of patients who will 
subsequently die or have devastating disability, the object 
of this being to triage such patients for less aggressive ther- 
apy. If the outcomes of patients with serious head injuries 
could be accurately predicted, this approach would have 
merit. There is, hewever, a serious medical, ethical, and 
legal risk to this approach if the outcome prediction used 
is not extremely sensitive in identifying all patients with 
potential to recover with good function. Becker et alf have 
stated that “Any predictive scheme used as a triage instru- 
ment should err en the side of false optimism, avoiding 
incorrect prediction of pooroutcome.” It is very important 
to carefully examine the sensitivity of statistical predic- 
tions in identifying patients with potential for recovery. 

A number of studies*! have identified predictors of 
outcome after serious head injury. The Glasgow Coma 
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Scale (GCS) is the most widely used predictive variable. 
It is important to note that the GCS was initially proposed 
to be applied at least 6 hours after trauma; most studies 
of predictive variables have been based on data obtained 
after 6 hours.'' However, more recent studies have used 
GCS as a predictor in the emergency department soon af- 
ter patient arrival." These studies have concluded that 
reliable estimation of prognosis may be made in the 
emergency department and have implied that further 
therapy might be withheld from patients who are pre- 
dicted to have poor outcomes. 

The purpose of this study was to examine our experi- 
ence with patients with severe head injury to determine 
whether eventual outcome could have been accurately 
predicted early after patient presentation. In particular, 
we focused on the predictive value of those data available 
within 6 hours after patient arrival in identifying patients 
who subsequently had good recovery. 


PATIENTS AND METHODS 


Records of patients with trauma triaged to the University of 
California, Irvine, Medical Center, a level 1 trauma center, 
between 1985 and 1987 were reviewed. Three hundred six con- 
secutive patients with head injuries and an initial GCS score be- 
tween 3 and 10 were chosen for review. Patients were excluded 
if head injury was not clearly documented on physical examina- 
tion. All patients were injured in Orange County, Calif, and 
transported directly by ambulance or helicopter to our trauma 
center. The average field time (time between injury and trans- 
port) for our patients was 19 minutes, and the average transport 
time to our hospital was 11 minutes. 

On arrival at the trauma center, patients were immediately 
evaluated by a team that included a senior resident and/or attend- 
ing general surgeons. Resident and/or attending neurosurgeons 
were immediately consulted and were often present on patient 
arrival. Physical assessments were documented on standardized 
trauma flow sheets, which were used to extract data for this 
study. 

Blood pressure was measured on patient arrival. Presence or 
absence of spontaneous ventilation was noted, but apnea tests 
were rarely performed during initial evaluations. Patients who 
were intubated and ventilated by paramedical personnel and 
who were not assisting ventilation were considered apneic. The 
initial GCS score was determined on arrival at the hospital and 
before administration of sedating or paralyzing agents. Another 
GCS score, determined 6 hours after patient arrival, was also re- 
corded. Six hours after admission to the hospital, some patients 
had been given sedating or paralyzing drugs. Two hundred forty 
patients (78%) underwent computed tomography. The average 
time from arrival to CT scan was 82 minutes. Computed tomo- 
graphic findings, as reviewed by resident and faculty radiolo- 
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Table 1.—Initial Scores on the Glasgow Coma Scale 
Related to Outcome 


Outcome Score, % of Patients* 
No. of 
Patients 


Initial 
Score 





*An outcome score of 1 indicates death; 2, vegetative state; 3, 
severe disability; 4, moderate disability; and 5, good recovery. 
Percentages may not total 100 because of rounding. 


gists and dictated by attending radiologists, were reviewed, and 
the presence of any of the following conditions was recorded: 
skull fracture, epidural hematoma, subdural hematoma, intra- 
cerebral hemorrhage, pneumocephalus, midline shift, effaced 
ventricles, effaced basal cisterns, cerebral edema, blood in ven- 
tricles, and subarachnoid hemorrhage. 

Outcome was determined using the Glasgow Outcome Scale 
(GOS): 1 indicated death; 2, vegetative state; 3, severe disability; 
4, moderate disability; and 5, good outcome. These numerical 
scores were used for statistical analysis of outcomes. The GOS 
score was determined at death or at discharge or transfer from 
the hospital. For patients followed up by the rehabilitation ser- 
vice at our institution, a subsequent GOS score on the last doc- 
umented follow-up examination was also noted; follow-up data 
were available for only 32 patients, or 17% of survivors. Time 
until death or discharge, length of stay in the intensive care unit, 
and number of days during which ventilatory support was 
required were also recorded. 

Data were entered into a computerized database for analysis. 
Groups were compared with a t test or single-measure analysis 
of variance. Linear regression was performed using the least- 
squares method. Multiple regression analysis was performed 
using software (STATPAK; Northwest Analytical, Portland, 
Ore) for linear logistic regression. 


RESULTS 


Of the 306 patients, 116 (38%) died. The mean time be- 
tween admission to the hospital and death was 1.7+3.2 
days. Twenty-four patients (8%) were discharged in a 
persistent vegetative state. To our knowledge, the out- 
come status of two of these patients has improved. One 
of the two is now only moderately disabled. Forty-six pa- 
tients (15%) were discharged with severe disability. Of 
these, we know of 13 whose outcome status has im- 
proved; 10 now have only moderate disabilities, and three 
have had good recovery. Thirty-nine patients (13%) were 
discharged with moderate disability. Of these, we know 
of three who now have had good recovery. Eighty-two 
patients (27%) were discharged with good recovery. 


Clinical Factors Influencing Outcomes 
Glasgow Coma Scale. —There were many survivors, 


including survivors with good recovery, from patient 
groups representing all initial GCS scores (Table 1). The 
correlation between the initial GCS score and the GOS 
score was low (R?=.16). Among survivors, there were 
also low correlations between initial GCS score and length 


of hospital stay (R?= .08), length of stay in the intensive 
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Table 2.—Initial Systolic Blood Pressure 
Related to Outcome 








Systolic Bl 
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*An outcome score of 1 indicates death; 2, vegetative state; 3, 
severe disability; 4, moderate disability; and 5, good recovery. 
Percentages may not total 100 because of rounding. 








No. of 
Patients 1 
Absence of 
spontaneous 
ventilation 91 73 10 10 4 3 
Presence of 
spontaneous 
ventilation 215 22 6 16 19 37 


*An cutcome score of 1 indicates death; 2, vegetative state; 3, 
severe disability; 4, moderate disability; and 5, good recovery. 


care unit (R?=.05), and number of days during which 
ventilatory support was required (R? = .03). 

The GCS score 6 hours after arrival at the hospital cor- 
related much better with GOS (R? = .55). Furthermore, the 
change between initial GCS scores and those 6 hours af- 
ter arrival correlated independently with outcome 
(R? = .26). However, a number of patients with persistent 
GCS scores of 3, 6 hours after arrival, had good recovery. 

Systolic Blood Pressure (SBP). —Table 2 lists SBP on ar- 
rival to the trauma center and eventual outcome. Ninety- 
six percent of patients with an initial SBP of less than 60 
mm Hg died; the one survivor was in a persistent vege- 
tative state. Patients with moderate hypotension (SBP be- 
tween 60 and 100 mm Hg) also had worse outcomes than pa- 
tients with initial SBP of greater than 100 mm Hg, although 
some moderately hypotensive patients had good recovery. 

Spontaneous Ventilation. — Two hundred fifteen pa- 
tients (70%) were noted to have spontaneous ventilation 
on arrival, and outcomes in these patients were better 
than these in patients without spontaneous ventilation 
(Table 3). It is noteworthy, however, that many patients 
without spontaneous ventilation survived despite low 
initial GCS scores. Eight patients with GCS scores of 3 and 
no spontaneous ventilation survived, one of whom later 
had good recovery assessed with the GOS. It is also im- 
portant to note that all patients without spontaneous 
ventilation received ventilatory support, usually initiated 
by paramedics before patient arrival. Ventilatory support 
was not usually interrupted during initial management 
for apnea testing. 

Severity of Associated Injuries. — The injury severity 
score (ISS) correlated with GOS (R2=.47). No patient with 
very severe associated injuries, as indicated by an ISS score 
of greater than 50, survived. However, among patients 
with ISS scores of less than 50, outcome appeared to be 
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7 Table 4.—Age Related to Outcome* 


Mean initial GCS Score, 


Outcome Score, % of Patients 





"GCS indicates Glasgow Coma Scale. An outcome score of 1 indicates death; 2, vegetative state; 3, severe disability; 4, moderate dis- 
ability; and 5, good recovery. Percentages may not total 100 because of rounding. 


No. of 
Patients 


Blunt injury 


Penetrating 
injury 





*An outcome score of 1 indicates death ; 2, vegetative state; 3, 
severe disability; 4, moderate disability; and 5, good recovery. 


most closely related to the initial GCS score. Glasgow Coma 
Scale scores and survival rates were as follows: 3, 34%; 4, 
74%; 5, 92% ; 6, 93%; 7, 96%; 8, 87%; 9, 100%; and 10, 100%. 

Age.—Table 4 shows the relationship of age to out- 
come. Children younger than age 5 years tended to either 
die (45%) or have good recovery (41%); recovery with 
disability was uncommon. 

Among patients between ages 5 and 50 years, outcomes 
did not appear to correlate with age (by analysis of variance). 

There was a tendency for increased mortality in patients 
older than age 50 years. Yet, among patients between ages 
51 and 60 years, many patients survived with good 
recovery. However, no survivors with good recovery 
were older than age 60 years. 

Mechanism of Injury.—Two hundred seventy-nine 
patients (91%) suffered blunt head injuries, most of which 
resulted from motor vehicle accidents. The initial GCS 
score (mean+SD) in this group was 5.3+2.4. Twenty- 
seven patients (9%) had penetrating injuries (25 gunshot 
wounds and two stab wounds), with a mean initial GCS 
score of 4.3+2.2. Outcomes were worse in patients with 
penetrating injuries (Table 5). The only survivors of pen- 
etrating injury with good recovery had initial GCS scores 
of 8 or higher. 

Initial CT Scan Findings. —One hundred sixty-nine pa- 
tients (70% of those who underwent CT) had one or more 
abnormal finding on initial CT. The frequency of each CT 
finding and its association with outcome is shown in Table 
6. A number of findings (eg, effaced basal cisterns, sub- 
dural hematoma, and effaced ventricles) were associated 
with high mortality. However, for each class of abnormal- 
ities, there were survivors who had good recovery. 

Many patients had multiple abnormalities detected on 
CT. Prognosis wersened as the number of abnormalities 
increased (Fig 1). Mortality was approximately 20% in 
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patients with up to four abnormalities, but increased to 
50% with five abnormalities, and was 100% with eight 
abnormalities. As would be expected, certain combina- 
tions of abnormalities had worse outcomes; for example, 
63% of patients with the combination of subdural he- 
matoma, midline shift, and effaced basal cisterns died, 
and only 6% had good recovery. However, even severely 
abnormal findings on CT scans were not perfectly accu- 
rate indicators of outcome, as patients with up to six ab- 
normalities survived with good recovery. However, the 
combination of low initial GCS score and multiple abnor- 
malities as shown on CT did correspond with higher mor- 
tality; 69% of patients with GCS scores of 3 and two or 
more abnormalities died. However, some patients with 
initial GCS scores as low as 3 and up to four abnormali- 
ties had good recovery. Similarly, while 70% of patients 
with GCS scores of 3, 6 hours after admission to the hos- 
pital and two or more abnormal CT findings died, some 
patients with GCS scores of 3 and up to five abnormali- 
ties survived with good recovery. 

Abnormalities were not detected on initial CT scan in 
30% of patients, and 63% of these patients had good re- 
covery, making this the group with the best prognosis. 
However, 4% of patients with normal CT scans died, and 
23% were discharged with disability. Thus, a normal CT 
scan did not always exclude serious brain injury. 


Multiple Regression Analysis 


Many variables were analyzed to determine best corre- 
lation with outcome, using the GOS score as the depen- 
dent variable, in an attempt to determine the predictive 
value of these parameters in combination. Stepwise linear 
logistic regression analysis was applied. Analyses were 
performed with information available at three times: (1) 
on initial evaluation in the emergency department, (2) af- 
ter CT, and (3) after the second neurologic assessment 6 
hours after arrival at the hospital. 

When only initial parameters available on arrival at the 
trauma center were considered, three variables added 
significantly to the correlation: ISS, initial GCS, and SBP 
(in order of significance), with a cumulative of R?= 61. 
Age and presence of spontaneous ventilation did not add 
independent predictive value. 

When the number of abnormal CT findings was in- 
cluded in the analysis, the variables contributing to pre- 
dictive value (in order of significance) were ISS, initial 
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Table 6.—CT Findings Related to Outcome* 


No. of 
Patients 


CT Finding 


Effaced basal cisterns 
Subdural hematoma 
Effaced ventricles 
Midline shift 

Blood in ventricles 
Cerebral edema 
Subarachnoid hemorrhage 
Skull fracture 
Pneumocephalus 
Intracerebral hemorrhage 
Epidural hematoma 


Outcome Score, % of Patients 





*CT indicates computed tomographic. An outcome score of 1 indicates death; 2, vegetative state; 3, severe disability; 4, moderate dis- 
ability; and 5, good recovery. Percentages may not total 100 because of rounding. 
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Outcome frequency vs number of abnormalities on computed tomographic scan of the head performed on admission to the hospital. 


GCS, and number of abnormal CT findings (R*=.63). 
Age, SBP, and presence of spontaneous ventilation did 
not add independent predictive value. It is important 
to note that only 78% of patients underwent emer- 
gency CT; the rest died in the emergency department 
or were taken directly to the operating room for treat- 
ment of associated injuries. Many of these patients 
died; this may explain a similar R? after CT, consider- 
ing that the most severely ill patients were already 
excluded. 

When the GCS score 6 hours after admission and the 
change from the initial score to the later score were con- 
sidered, the cumulative R? was .71. The contributing 
variables, in order of significance, were GCS 6 hours af- 
ter admission, ISS, number of abnormal CT findings, and 
change in GCS score. Initial GCS score, initial blood pres- 
sure, presence of spontaneous ventilation, and age did 
not add independent predictive value. 


1240 Arch Surg—Vol 126, October 1991 


COMMENT 

Our experience demonstrates that early prediction of 
outcome could not be reliably made in our patients with 
serious head injury. If we had made such predictions 
based on statistical probabilities, many patients who 
eventually had good recovery would have been predicted 
to have poor outcomes. 

The GCS score on presentation to the hospital correlated 
poorly with GOS (R?=.16). Hence, little of the eventual 
outcome variability could be predicted based on initial 
GCS score. More importantly, there was very low positive 
predictive value in identifying patients who would have 
good outcome; many patients with the lowest GCS scores 
on admission survived and had good recovery. It would 
clearly be an error to deny aggressive therapy to patients 
based on initial GCS score. This conclusion makes even 
more sense considering that drugs, alcohol, and hypo- 
thermia may lower the initial GCS score. 
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Other clinical parameters did predict poor outcome. 
Systolic blood pressure of less than 60 mm Hg in associ- 
ation with GCS scores of 10 or less portended death or a 
vegetative state. All patients with severe associated inju- 
ries (ISS, greater than 5C) died. Patients with penetrating 
cranial injuries and GCS scores of less than 8 died or re- 
covered with disability. Patients older than age 60 years 
were likely to die, or, if they survived, to have disability. 

However, for the group as a whole, consideration of 
blood pressure, ventilatory status, severity of associated in- 
juries, age, and initialtGCS scores produced a cumulative R? 
with predicted outcome of only .61. Hence, more than one 
third of the variability of outcome could not be predicted 
with results of initial evaluation; that is, consideration of all 
available information fails to predict outcome in 39% of 
cases. To provide appropriate care to patients with potential 
for good outcome, we conclude that initial therapy should 
be aggressive, regardless of the initial GCS score and ven- 
tilatory status. This conclusion differs from those of others 
because of our insistence on high predictive value when 
identifying patients with potential for good outcome. 

As part of aggressive initial care, CT scans were 
performed in hemodynamically stable patients who did 
not require immediate operation for treatment of other 
life-threatening injuries. Computed tomography per- 
formed early after patient arrival identified patients who 
required neurosurgical intervention. Furthermore, CT 
findings were of prognostic value. Both the specific CT 
findings and the cumulative number of abnormal CT 
findings had prognostic importance. However, for each 
class of abnormalities, there were survivors, some of 
whom had good outccmes. Similarly, some patients with 
up to six abnormal CT findings survived. When the num- 
ber of abnormal CT findings and initial clinical findings 
were considered, the cumulative R? was .63. Thus, CT 
findings were not predictive enough to identify all pa- 
tients who would have good outcomes. Therefore, like 
Brahman et al,° we believe aggressive treatment should be 
continued regardless of CT findings. 

Important information is gained in reassessing neuro- 
logic status 6 hours after admission. Both the GCS score 
6 hours after admission and the change from initial GCS 
score correlated with outcome. This improvement in cor- 
relation using values obtained 6 hours after admission 
was due in part to the natural history of the brain injuries; 
the fact that many unstable patients had already died; the 
diminished effects of hypothermia, drugs, and alcohol; 
and the identification and treatment of associated inju- 
ries. However, even 6 hours after admission, the assess- 
ment of the factors described herein could not reliably 
predict patients who eventually had good outcomes. 

Hemodynamically stable patients who do not require 
urgent operation should undergo CT of the head. Ag- 
gressive therapy should be continued for at least 6 hours 
because not all patients with potential for good recovery 
cannot be distinguished within this period. Possible 
exceptions are patierts with severe hypotension, massive 
associated injuries, or penetrating injuries and low GCS 
scores. More patients in these subgroups must be studied 
a priori to determine if these predictions hold true. 

Several objections to these recommendations might be 
raised. First, it may be argued that the costs of universal 
aggressive treatment are prohibitive. In response to this 
argument, the risk of withholding therapy must be con- 
sidered, namely, that salvageable patients may die or 
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suffer unnecessary disability. We believe this risk offsets 
any cost savings. Another consideration is that patients 
who died did so in an average of 1.7 days, indicating that 
prolonged hospitalization need not precede death. A sec- 
ond objection to our recommendations may be that more 
patients may be kept alive, only to suffer severe disabil- 
ity. In response to this, we maintain that if outcome can- 
not be reliably predicted, this is an impossible clinical 
judgment to make. Aggressive treatment should be con- 
tinued until outcome status is clear, which may take days. 
During this period, additional neurologic assessments, as 
well as ancillary tests such as cerebral pressure monitor- 
ing and evaluation of somatosensory evoked potentials, 
may provide more accurate prognostic information.?'*" 
At this time, treatment options can and should be 
considered with patients’ families. Although patient 
follow-up was limited, we are impressed with the long- 
term progress of some of our disabled patients. Finally, 
some have suggested that the number of organ donors 
may decrease because of aggressive support of patients 
with serious head injuries. We believe that unless and 
until brain death can be accurately determined, organ 
donation cannot, and should not, be a consideration. 
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Discussion 


JAMES W. HOLCROFT, MD, Sacramento, Calif: This study is a 
negative study insofar as it says that you cannot predict eventual 
outcome based on initial evaluation of the patient. But even 
though ina sense the study is negative, it is important. There are 
times in the resuscitation of the patient who has no neurologic 
function when you might draw back support because you might 
think that there is nothing that can be done. This article demon- 
strates that you just cannot do that initially. 

The Glasgow Coma Score has three components: a best motor 
response, a best eye-opening response, and a best verbal 
response. Many of these patients have been intubated, and 
could not talk. That makes the evaluation of the verbal compo- 
nent of the Glasgow Coma Score problematic. What score for the 
verbal component of the Glasgow Coma Scale did you assign to 
those patients who were intubated? Also, at 6 hours many of the 
patients would have been heavily sedated or even anesthetized. 
How did you calculate the Glasgow Coma Score in those 
patients? Did you attempt to evaluate their interobserver vari- 
ability in any way? Do you have any idea how reliably different 
observers will come up with the same score? 

You mentioned that the outcome correlated with the injury 
severity score of the patient. The injury severity score is an an- 
atomic description of all of the injuries that the patient suffered. 
What about the abbreviated injury score for the head itself? How 
did it correlate with outcome? Was there redundancy between 
the abbreviated injury score for the head and the Glasgow Coma 
Score? Please go into more detail about how your treatment of 
the patient with a potentially severe head injury has changed as 
a consequence of this study. I understand that you now aggres- 
sively resuscitate all patients, but is there a time now when you 
are willing to call off therapy based on your evaluation of the 
neurologic status of the patient? 

WILLIAM P. SCHECTER, MD, San Francisco, Calif: The Glasgow 
Coma Scale was developed by Prof Brian Jennett to enable ambu- 
lance drivers, nurses, general practitioners, and surgeons working 
in small community hospitals to communicate with specialist neu- 
rosurgeons at the regional neurosurgery center in Glasgow, Scot- 
land. The purpose of the scale was to have a common language and 
examination that would enable the specialists to decide if transfer 
to the specialist center from these small outlying hospitals was in- 
dicated. The Glasgow Coma Scale is not a neurologic examination, 
neither does it give us any anatomic information about the nature 
of the lesion nor the reversibility of the lesion. 

In 1985, we reported in the Archives of Surgery a series of 50 head 
injury patients treated during a 2-year period in American Samoa. 
There were several patients in that series from the Pago Pago Neu- 
rologic Institute who presented with fixed dilated pupils with ag- 
onal respirations who lived after decompressive craniotomy and 
evacuation of underlying epidural and subdural hematomas. | 
completely agree with the authors that the Glasgow Coma Scale 
should not be used under any circumstances in the initial period to 
call off resuscitation because by so doing we will lose the opportu- 
nity to salvage a number of those patients. 

MARSHALL Z. SCHWARTZ, MD, Sacramento, Calif: This article 
supports a concept that has been utilized by pediatric surgeons 
involved in the management of children with head injuries. That 
is, you cannot predict the outcome shortly after a head injury 
and, therefore, you do what you can. I am wondering if the au- 
thors attempted to correlate their patient data outcome beyond 
the 6-hour time frame. Would assessment at 24 hours or 36 hours 
following the injury better correlate with the outcome? 

JAMES J. PECK, MD, Portland, Ore: The authors compared only 
the predictive value of the Glasgow Coma Score for survival and 
recovery. Did they compare the IQ in patients with Glasgow 
Coma Scores greater than 10 and less than 10? 

JACK WHITE, MD, Loma Linda, Calif: Were there children in 
this group? As is well known, children oftentimes do better with 
head injuries than adults. Did the authors analyze their patient 
population by their ages, and did they notice any difference be- 
tween the young and their elders? 
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JONATHAN R. HIATT, MD, Los Angeles, Calif: How many of the 
patients had an early operation? The neurologic status often 
seems worse after a major procedure under a general anesthetic. 

DR WAXMAN: While neurologic examination is difficult to 
quantitate, the Glasgow Coma Scale does provide a reproducible 
index of neurologic status. However, this index should not be 
overinterpreted to predict outcome. 

It is also impossible to state that the Glasgow Coma Scale is 
“accurate” if by “accurate” one is referring to the neurologic sta- 
tus of patients devoid of drugs, alcohol, and sedation. In our 
trauma center, over half of our patients are self-sedated with 
drugs and alcohol, and we frequently add to this by further 
medicating our patients. In many cases, then, the Glasgow 
Coma Score obtained early is low and overestimates the extent 
of neurologic injury. It is difficult to obtain a verbal response 
from patients who are intubated, so that they are often given the 
lowest possible verbal score, which may also overestimate the 
severity of illness. On the positive side, the Glasgow Coma Scale 
is very reproducible. Interinterpreter variability has been previ- 
ously reported, and the scale is reproducible by multiple exam- 
iners. This has been our experience as well. 

Has our therapy changed as a result of this study? I think that 
it has. We have confirmed our preconception that we should 
initially approach all of our trauma patients as if they may sur- 
vive. We feel this justifies aggressive initial resuscitation and 
evaluation. We followed our patients longer, and found that the 
farther cut from injury, the better predictive ability becomes. 

We did not look at the IQs in our patients. It is clear from the lit- 
erature that even minor head injuries may have effect upon IQ; 
clearly, patients with serious head injuries may have significant IQ 
impairment. The point of this article is not to say that severe head 
injury does not have lasting impact. It is to say that patients can 
survive and become functional, and that which patients may do so 
is difficult to predict initially. We did look at age as a variable. The 
data in children were interesting: a larger percentage of children 
than adults died with low Glasgow Coma Scale scores. In addition, 
however, a larger percentage of children who survived with low 
scores survived with good outcomes. There were relatively few 
children who survived with disability. It was thus a bimodal dis- 
tribution of outcome for children, who either died or survived with 
good recovery, while few had disability. 

A large number of our patients were operated upon. The pa- 
tients who had low initial Glasgow Coma Scale scores and who 
were operated upon for nonneurosurgical problems tended to 
have poor prognoses. However, we did have some survivors of 
laparotomy and thoracotomy with low initial Glasgow Coma 
Scale scores, so that I believe our approach should continue to 
be aggressive. In closing, I would like to make two final points 
that speak to a number of the other questions asked. First, what 
we presented here is nothing more than a restatement of tradi- 
tional ethical physician-to-patient relationships: that is, we as 
physicians should do everything possible for our patients to en- 
sure as good an outcome as possible. However, this traditional 
approach has been increasingly questioned in the name of cost 
containment. Our data, however, suggest that to compromise 
this approach for patients with head injuries would be inappro- 
priate, for two reasons. First, many patients who appear to have 
the most severe injuries go on to survive, and to survive with 
good recovery. Second, we have poor ability to predict those 
patients who will have good recovery. 

The secand point is equally important: beginning an aggres- 
sive initial approach to therapy commits neither us as physicians 
nor our patients to continue that approach indefinitely. In fact, 
within the first week of therapy some patients die and others 
continue to be in a persistent negative state, without neurologic 
improvement. Ancillary testing such as intracranial pressure 
monitoring and somatosensory evoked potentials may add im- 
portant prognostic information. At that time, within the first 
week after injury, it is very appropriate to have discussions with 
families abeut their desires, and particularly what they know 
about the premorbid desires of patients regarding whether or not 
aggressive care should be continued. 
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The Mangled Extremity 


When to Amputate? 


Markus S. Roessler, MS; David H. Wisner, MD; James W. Holcroft, MD 


@ To determine indications for immediate or delayed am- 
putation of the mangled lower extremity, we reviewed the 
cases of 80 patients. Vascular, neurologic, bone, and soft- 
tissue status were rewiewed, as were postoperative compli- 
cations, requirements for mechanical ventilation, fluid bal- 
ance, delayed amputation, and survival. Although neuro- 
logic, bone, and soft-tissue status did influence decisions 
regarding immediate-amputation, they had little to do with 
delayed loss of limb or life. The circulation, as determined 
by the presence or absence of a palpable or Doppler- 
detected pulse, however, was critical. Of six patients in 
whom salvage was attempted and in whom fluid balances 
of greater than 3 L were detected in the first 24 hours post- 
operatively, five eventually required amputation. Salvage 
should usually be attempted if a distal pulse is present. If no 
distal pulse is present, the decision for immediate amputa- 
tion should be based on functional prognosis. In cases in 
which salvage is attempted, amputation should be per- 
formed at 24 hours if the patient’s condition, including a 
markedly positive fluid balance, indicates systemic com- 
promise. In the absence of a distal pulse on presentation, the 
eventual amputation rate is high. 
(Arch Surg. 1991;126:1243-1249) 


ope about whether to amputate a severely in- 
jured extremity are difficult. Several scoring sys- 
tems have been devised to provide objective assistance in 
this decision-making process.'? While some of these 
scoring systems accurately predict outcome, none has 
been widely adopted. One problem with existing scoring 
systems is their complexity. They also require elements of 
the evaluation of either the extremity or the patient's 
overall status that are subjective and difficult to assess 
consistently. We hypcthesized that simple measures of 
the neurovascular status of an injured extremity correlate 
well with outcome. 

Another deficieney of existing scoring systems is that 
they apply only te the patient at the time of initial 
presentation. There are no guidelines for the later 
decision-making process regarding amputation when the 
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initial decision is to attempt limb salvage. This is an im- 
portant deficiency because the mangled extremity can 
have systemic effects and can increase morbidity and 
mortality.*?° 

With these limitations in mind, we retrospectively 
reviewed cases of patients with mangled extremities to 
answer the following questions: (1) Are there simple, 
easily evaluable characteristics of the mangled extremity 
that are predictive of outcome of the extremity and of the 
effect of the extremity injury and attempted salvage on 
mortality? (2) Are there variables that can be measured in 
the early postoperative period that are predictive of the 
need for delayed amputation after initial attempts at sal- 
vage? 

To study as homogeneous a group of patients as pos- 
sible and to minimize the effects of associated injuries on 
morbidity and mortality, our review was restricted to pa- 
tients with isolated lower-extremity injuries. 


PATIENTS AND METHODS 


The cases of patients with isolated lower-extremity injuries 
admitted to the Trauma Service at the University of California, 
Davis, Medical Center, Sacramento, for the 4-year period from 
January 1986 to January 1990 were reviewed. Entrance criteria 
were as follows: age greater than 12 years; lower-extremity 
trauma with an Abbreviated Injury Score for the lower extrem- 
ities of 3 or greater’*”°; and no associated intracranial hematoma, 
intracranial mass lesion, flail chest, pneumothorax, hemothorax, 
abdominal injury of any kind, or pelvic fracture other than uni- 
lateral stable pubic ramus fractures. The lower extremity was 
defined as the entire extremity, including the thigh, calf, and 
foot. 

A total of 80 patients qualified for review. Records were 
reviewed for epidemiologic data, mechanism of injury, time in- 
tervals, and interventions performed during the prehospital 
phase of care, the nature and severity of associated injuries, and 
the Injury Severity Score.'*"> Findings of admission neurologic 
and pulse examinations were also noted, as were the number, lo- 
cation, and severity of fractures and the degree of skin and soft- 
tissue injury. Skin and soft-tissue injuries were characterized as 
absent, mild, moderate, and severe according to the criteria pre- 
sented in Table 1. 

During the postoperative period, the need for intensive care 
observation and ventilatory assistance was noted, as were fluid 
balance in the first 24 hours after operation, the number and na- 
ture of subsequent operative procedures, complications, the 
length of hospital stay, the need for subsequent amputation at 
any time postoperatively, and survival. 
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Table 1.—Criteria for the Characterization of Skin and 
Soft-Tissue Injuries 






Soft Tissue 
Absent 


Mild Ecchymosis or 
abrasion 


None None 


Swelling or 
contusion 


Muscle 
laceration/ 
rupture, ligament 
rupture 


Avulsion >50 cm?, 
degloving injury 
<25% of leg 
surface 


Moderate 


Avulsion >50 cm?, 
degloving injury 
<25% of leg 
surface, 
requirement for 
skin graft (except 
after fasciotomy) 


Severe Compartment 
syndrome with 
requirement for 
fasciotomy, loss 
of functional 
muscle, need for 
muscle flap 
coverage of 
injuries 


Table 2.—Age, Sex Distribution, and Injury Severity 
Score Among Three Patient Groups 


No Admission No Admission 



















Pulse/ Pulse/ 
Admission Immediate Attempted 
Pulse Amputation Salvage 









No. of patients 53 ple. 14 


Mean (+SD) age, y 33+2 3223 30+3 
Sex, M/F 44/9 10/3 1272 
Mechanism of injury, 
blunt/penetrating 47/6 13/0 8/6 
Mean (+SD) 
Injury Severity 
Score 14.1+0.9 14.2+1.4 16.4+1.9 





STATISTICAL ANALYSIS 


Discrete variables were compared with the use of Fisher’s Ex- 
act Test, with a Bonferroni correction for multiple comparisons 
where appropriate. Comparisons of continuous variables were 
performed with one-way factorial analysis of variance, tollowed 
by Newman-Keuls multiple comparison testing where appro- 
priate. 


RESULTS 


Results of peripheral pulse examination on admission 
were available for all patients. Patients were accordingly 
grouped according to the presence or absence of a palpa- 
ble or Doppler-detected distal pulse on admission to the 
emergency department. In 53 patients, a pulse was 
present at the time of presentation in the emergency de- 
partment. No pulse was present on admission in the re- 
maining 27 patients. In all patients in whom a pulse was 
detected at the time of admission, attempts at limb salvage 
were made. Of the patients without a pulse, 13 had 
extremities that were believed to be unsalvageable at the 
time of admission and thus underwent immediate ampu- 
tation. In the remaining 14 patients without an admission 
pulse, an initial attempt at salvage was made. There was 
no difference in the age, sex distribution, or Injury Sever- 
ity Score among the three groups (Table 2). The percent- 
age of cases of penetrating trauma was higher in patients 
without a pulse who underwent attempted salvage than 
in either the group with an admission pulse or the group 
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Table 3.—Skin, Soft-Tissue, Sensation, and Motor 
Changes in the Three Patient Groups* 


No Admission 
Pulse/ 
Attempted 
Salvage 


No Admission 
Pulse/ 
Admission immediate 
Pulse Amputation 


Skin 
Absent 6 (11) 
Mild 12 (23) 
Moderate 31 (58) 
Severe 4 (8) 
Soft tissue 
Absent 5 (9) 
Mild 31 (58) 
Moderate 11 (22) 
Severe 6 (11) 13 (100) 
Sensation 
Absent 0 13 (100) 
Diminished 3 (6) 0 
49 (92) 0 
Not assessable 1 (2) 0 
Motor ability 
Absent 1 (2) 13 (100) 
Diminished 5 (9) 0 
46 (87) 0 
Not assessable 1 (2) 0 
*Values are number (percent) of patients in the given groups. 


Table 4.—Fractures 


No Admission No Admission 


Normal 


Normal 














Pulse/ Pulse/ 
Admission Immediate Attempted 
Pulse Amputation Salvage 
Fractures per patient 2.7 3.0 2.2 
Open grade III 
fractures, % 19.2 84.6* 45.2* 





*P<.05 vs patients with admission pulse. 


without a pulse who underwent immediate amputation. 
There were also more severe injuries to both the skin and 
soft tissue in patients without a pulse on admission (Ta- 
ble 3). No patients with an admission pulse had a 
complete neurologic deficit in the extremity, whereas all 
of the patients who underwent immediate amputation 
had a complete loss of motor ability and sensation (Table 
3). 
Although the mean number of fractures per patient was 
roughly the same for the three groups, the relative 
proportion of open grade III fractures was higher in pa- 
tients without an admission pulse (Table 4). 
Preoperative angiography was performed in 11 of the 53 
patients with an admission pulse. Minor filling defects 
were seen on three of these studies, all of which resolved 
with reduction and fixation of associated fractures. None 
of these patients underwent arterial reconstruction. Pre- 
operative angiography was performed in only one patient 
who underwent immediate amputation, consistent with 
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Table 5.—Length of Stay, Amputations, and Deaths in 
the Three Patient Groups 
No Admission No Admission 
Pulse/ Pulse/ 
Acmission Immediate Attempted 
Pulse Amputation Salvage 


13 14 


No. of patients 53 


Mean (+SD) 
length of stay, d 20+2 36+7* 


Amputations, No. (%) 3 (6) 13 (100)* 
Deaths, No. (%) 0 0 


*P<.05 vs patients with admission pulse. 
tP<.05 vs patients with admission pulse and patients with no ad- 
mission pulse who underwent immediate amputation. 


31+8 
8 (57)* 
3 (21)t 





the fact that the mangled limbs in the patients who 
underwent immediate amputation were considered un- 
salvageable on admission. Nine of the 14 patients without 
an admission pulse in whom salvage was attempted un- 
derwent angiography to define the extent and location of 
vascular injury. All showed filling defects or vessel 
thrombosis, and extravasation was seen in five patients. 
Twelve of the 14 patients in this group underwent arterial 
reconstructions. In nine cases, a reversed saphenous vein 
graft was used; in one patient, a synthetic graft was 
placed; and in the remaining two patients, primary repair 
of the injury was possible. 

A total of 24 patients ultimately underwent amputation 
(Table 5), including three (6%) of 53 patients with an ad- 
mission pulse. The amputations in this group were hip 
disarticulation on hospital day 14 secondary to massive 
soft-tissue destruction and infection in a patient who had 
suffered a high-velecity gunshot wound to the posterior 
aspect of the thigh with extensive sciatic nerve loss, a 
through-knee amputation on day 6 in a patient with a se- 
vere crush injury to the calf and delayed thrombosis of the 
popliteal artery after knee dislocation, and a below-knee 
amputation on day 7 in a patient with disruption of the 
trifurcation vessels at the ankle in association with a se- 
vere open fracture of the ankle and an ischemic, insensate 
foot. Of the patients without a pulse on presentation and 
attempted salvage cf the extremity, eight (57%) ultimately 
required delayed amputation. Six were victims of blunt 
trauma, one had suffered a gunshot wound, and one had 
suffered a shotgun wound. All revascularizations in this 
group were performed within 6 hours of injury, except in 
one case of a young woman with shotgun wounds to both 
her shoulder and her lower extremity. Revascularization 
of the lower extremity was delayed until arch angiogra- 
phy had been performed and was not completed until 
10 hours after injury. There were three above-knee 
amputations, three through-knee amputations, and two 
below-knee amputations. In five of the cases, amputation 
was performed on hospital days 3, 6, 7, 16, and 49 because 
of ischemia and infection in the affected limb. In an addi- 
tional two patients, amputation was performed on postin- 
jury days 60 and 136 because of a nonfunctional limb. In 
the remaining patient, amputation was required on 
postinjury day 91 because of chronic nonhealing neuro- 
trophic ulceration in an insensate foot. 

No patient in whom a pulse was detected on admission 
died (Table 5). Similarly, no deaths occurred among pa- 
tients who underwent immediate amputation. Three 
deaths (25%) occurred among the 12 patients in whom no 
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Table 6.—Intensive Care and Mechanical Ventilation in 
-~ the Three Patient Groups* | 
No Admission No Admission 
Pulse/ Pulse/ 
Admission Immediate Attempted 
Pulse Amputation Salvage 


ICU admittance 
postoperatively 


13/14 (93)t 
12/14 (86)t 


15/53 (28) 
14/53 (26) 


6/13 (46) 
In ICU at 24 h 6/13 (46) 


Ventilation 
postoperatively 


Ventilation at 24 h 


Fluid balance at 
24 h, mL 


Fluid balance at 
24h >3L 3/53 1/13 6/14t 


“Values are number/total number (percent). ICU indicates in- 
tensive care unit. 
tP<.05 vs patients with admission pulse. 


8/53 (15) 
7/53 (13) 


5/13 (38) 
6/13 (46) 


11/14 (79)t 
7/14 (50)t 


620 + 190 870 +570 2,760 + 1000+ 


pulse was detected on admission and in whom salvage 
was attempted. One patient died on hospital day 8 of 
sepsis and adult respiratory distress syndrome, a second 
patient died on hospital day 23 of sepsis and renal failure, 
and a third patient died on hospital day 89 of sepsis and 
renal failure. All three of these patients underwent 
delayed amputation of their extremities. 

The average length of hospital stay was longer in patients 
who underwent immediate amputation compared with 
those in whom a pulse was detected on admission (Table 5). 

Substantially more fluid was required during the first 
24 hours postoperatively in patients in whom a pulse was 
not detected on admission and in whom salvage was at- 
tempted compared with the other two groups (Table 6). 
Six of these patients had fluid balances 24 hours postop- 
eratively of greater than 3 L. Of these six patients, five 
(83%) ultimately required amputation. The three patients 
who died had positive fluid balances at 24 hours of 5.1, 
5.5, and 8.4 L. Three patients in whom a pulse was 
detected on admission had 1-day fluid balances of greater 
than 3 L, none of whom required amputation. One patient 
who underwent immediate amputation had a fluid bal- 
ance of greater than 3 L in the first 24 hours postopera- 
tively, but this patient had bilateral mangled extremities 
and underwent immediate amputation of one limb while 
salvage of the other limb was attempted. The limb in 
which salvage was attempted required amputation on 
hospital day 2. 

Patients without a pulse in whom salvage was at- 
tempted also required intensive care and mechanical 
ventilation more often and for longer periods than did the 
patients in the other groups (Table 6). 


COMMENT 


Several grading systems exist to quantitate the degree 
of injury in a mangled extremity. Developed retrospec- 
tively, these systems optimally should be easy to apply 
and should allow for early prediction of which extremities 
require amputation. 

In 1985, Gregory et al’ developed the first quantification 
system for mangled extremities, called the Mangled 
Extremity Syndrome Index. This system combines point 
scales for the degree of integument, nerve, vascular, and 
bone injury with point scales to quantify the Injury 
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Severity Score, age, preexisting disease of the patient, and 
lag time before injury repair. The Mangled Extremity 
Syndrome Index is quite complex and requires complete 
knowledge of all of the patient’s injuries to be accurate 
and useful in the early decision-making process regarding 
amputation. Much of this information is unavailable in 
the emergency department and operating room settings. 
For example, determination of whether a nerve is con- 
tused (worth 1 point) or avulsed (worth 3 points) may not 
be possible without in-depth exploration of the limb. 
Similarly, determination of the Injury Severity Score, 
scored with 1 to 3 points, depending on its value, cannot 
be calculated until all of the patient’s injuries have been 
diagnosed. Differences in these scoring totals due toa lack 
of information are important if a scoring system is used 
prospectively to decide whether a patient should undergo 
amputation. In addition, some of the elements of the 
Mangled Extremity Syndrome Index are subjective and 
will vary from observer to observer. Its complexity makes 
it difficult to apply on a regular basis and has hindered its 
widespread acceptance and application. Finally, a scoring 
system should be accurate in predicting the need for am- 
putation. We retrospectively calculated a Mangled Ex- 
tremity Syndrome Index from all available data for the 
patients in our series. Some of these indexes were 
approximate only, as all of the necessary information for 
calculation of an index was not always available, a limita- 
tion of the Mangled Extremity Syndrome Index discussed 
above. With use of the recommendation by Gregory et al 
of a Mangled Extremity Syndrome Index cutoff of 20 
points or greater as a predictor of amputation, the index 
scores in our series predicted amputation in five patients 
who had successful limb salvage and limb salvage in four 
patients who ultimately required amputation. 

The Predictive Salvage Index introduced by Howe et al? 
in 1987 was designed for application in patients with 
combined orthopedic and vascular injuries of the lower 
extremity. Less complicated than the Mangled Extremity 
Syndrome Index, the Predictive Salvage Index assigns 
points for the level of vascular injury, the degree of bone 
injury, the degree of muscle injury, and the interval be- 
tween injury and arrival in the operating room. As with 
the Mangled Extremity Syndrome Index, some of the in- 
formation necessary for scoring may not be immediately 
available. For instance, in a patient with multiple fractures 
and a pulseless foot, it may be difficult in the emergency 
department to determine whether the level of vascular 
injury is suprapopliteal (1 point), popliteal (2 points), in- 
frapopliteal (3 points), or at multiple levels. Bone and 
muscle injuries are classified as mild (1 point), moderate 
(2 points), or severe (3 points). The criteria used to assign 
_ injuries to these categories are complicated and subjective 
and include elements such as the need for skin grafting or 
a myocutaneous flap for coverage, determinations that 
often cannot be made during the immediate postinjury 
period. The Predictive Salvage Index was applied as pre- 
cisely as possible, given its complexity and subjectivity, to 
the 14 patients in our series with combined orthopedic 
and vascular injuries in whom attempts at salvage were 
made. With use of the suggested cutoff of a Predictive 
Salvage Index of 8 points or greater to determine the need 
for amputation, this index predicted the need for ampu- 
tation in two patients in whom salvage was successful and 
predicted salvage in five patients in whom amputation 
was eventually required. 
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The Mangled Extremity Severity Score is the most 
recent attempt to quantify injury in mangled limbs and to 
provide management guidelines.* This relatively simple 
index combines point totals for the degree of skeletal/ 
soft-tissue injury, limb ischemia, shock, and patient age. 
The score is increased in the presence of prolonged 
ischemia. As with the other scoring systems, some of the 
information necessary for scoring may not always be im- 
mediately available to help in the decision-making pro- 
cess regarding amputation. In some patients, the age may 
be unknown. In others, whether a gunshot wound was 
causec by a “civilian” weapon (worth 1 point) or a “mil- 
itary” weapon (worth 3 points) may be difficult to deter- 
mine. The difference between high-energy injuries (3 
points) and very-high-energy injuries (4 points) is based 
in part on the determination that gross contamination is 
present, a largely subjective judgment. With use of the 
authors’ recommended cutoff score of 7 or greater as a 
predictor for the need to amputate, the Mangled Extrem- 
ity Severity Score predicted amputation in two patients in 
our series who had successful salvage and predicted sal- 
vage in five patients in our series in whom amputation 
proved to be necessary. 

How should the decision to perform immediate ampu- 
tation be made in patients with mangled extremities? 
Most investigators believe that an injured lower extrem- 
ity with complete and unrepairable loss of sciatic or pos- 
terior tibial nerve function should be amputated even if 
blood supply can be restored because of the extremely 
poor prognosis for functional outcome.**°*°” The like- 
lihood of recovery of function is low, and the psycholog- 
ical ane financial costs of attempted salvage in the face of 
severe neurologic damage are considerable. The strong 
correlation with neurologic outcome in our series sup- 
ports the contention that neurologic function is a good 
predictor of outcome. Unfortunately, assessment of neu- 
rologic function is not always possible in patients with 
mangled extremities because of lack of patient coopera- 
tion or associated injuries. In addition, vascular injuries 
make it difficult to determine early how much neurologic 
dysfunction is due to direct nerve injury and how much 
is due to ischemia. 

Like the neurologic examination, the presence of a dis- 
tal pulse in either the dorsalis pedis or posterior tibial ar- 
tery on admission was a good predictor of outcome in the 
patients in our series. The advantage of using the pulse 
in an algorithm for the workup of patients with mangled 
extremities is that the examination is readily performed in 
the emergency department and operating room settings 
and is simple. Although palpation of the pulse is some- 
what subjective, the character of the pulse was less 
important in our series than was its presence or absence. 

If a decision is made to attempt salvage, what factors in 
the postoperative period are helpful in the decision about 
whether a delayed amputation is necessary? Fluid balance 
is a good predictor of outcome after trauma in patients 
with a variety of different injuries." In our series, fluid 
balance was a good predictor of subsequent mortality and 
the need for amputation. When fluid balance during the 
first 24 hours postoperatively was greater than 3 L posi- 
tive (ie, patients received 3 L more fluid than they 
excreted), amputation was usually required and several 
deaths occurred. The patients in our review had isolated 
lower-extremity injuries, and the mortality rate in such a 
group should be minimal. While there were only three 
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Algorithm for decision making regarding limb amputation vs salvage in patients with isolated mangled lower extremities. 


deaths (4%) in the entire cohort of 80 patients, all three 
deaths occurred in the subgroup of 14 patients with vas- 
cular compromise on admission in whom salvage was at- 
tempted and fluid balance was greater than 3 L positive 
in the first 24 hours postoperatively. No deaths occurred 
in patients with severely mangled limbs who underwent 
immediate amputation and those without vascular com- 
promise on admission in whom salvage was attempted. 

We suggest the following decision-making guidelines 
in patients with isolated severe injury to the lower 
extremity (Figure). After it has been determined that the 
patient's injuries are limited to the lower extremity, care- 
ful assessment of the peripheral neurologic status should 
be performed. If there is clear evidence of severe sciatic or 
posterior tibial nerve disruption, the limb should be am- 
putated. If the nerves are intact or if the neurologic exam- 
ination yields indeterminate findings, attempts at salvage 
should be undertaken. If there is no evidence of vascular 
injury, as evidenced by the presence of a distal pulse, the 
limb should be salvaged and the patient followed up rou- 
tinely. If no distal pulse is present, salvage should still be 
attempted but with particular attention to fluid balance in 
the first 24 hours pestoperatively. If the fluid balance is 
greater than 3 L positive, amputation of the limb should 
be strongly considered. If we had followed this guideline 
for fluid balance in the patients in our series, one limb that 
ultimately was salvaged would have been amputated, but 
timely amputation might have had an effect on mortality 
in the three patients who died. 

Existing scoring systems, such as the Mangled Extrem- 
ity Syndrome Index, the Predictive Salvage Index, and the 
Mangled Extremity Severity Score, can be used to guide 
decision making after all injuries are known and all nec- 
essary information is available. Of these systems, the 
Mangled Extremity Severity Score has undergone the 
most rigorous retrospective and prospective testing and 
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has the virtue of relative simplicity. This scoring system 
should be used in the later postoperative period to 
provide objective guidance about the need for amputa- 
tion. 

The specifics of this algorithm for treatment decisions 
in patients with mangled extremities apply only to iso- 
lated lower-extremity injuries. Thresholds for amputation 
of upper extremities should be higher because of the rel- 
ative functional importance of the upper extremity and 
the smaller amount of soft tissue in the upper extremity 
compared with the lower extremity. Similarly, thresholds 
for amputation should be lower for patients with multi- 
system trauma and severe associated injuries to other 
parts of the body. Nonetheless, the general principles of 
decision making regarding immediate and delayed am- 
putation should be the same regardless of associated in- 
juries and whether an upper or lower extremity has been 
injured. Early postoperative decision making regarding 
the amputation of an extremity after attempted salvage 
Should take into account systemic measures of illness, 
such as fluid balance, as well as the local findings on ex- 
amination of the extremity. The Mangled Extremity 
Severity Seore is useful in the later postoperative period. 
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Discussion 


Kaj H. JOHANSEN, MD, PHD, Seattle, Wash: At one time, all 
mangled extremities were recognized to be life-threatening and 
they were amputated forthwith. The modern advent of ad- 
vanced operative techniques, fine vascular sutures, and other 
technical improvements, however, has caused the pendulum to 
swing, such that the entire lay public and most of the medical 
profession now anticipate that most badly damaged extremities 
can and should be salvaged. Unfortunately, the definition of 
“limb salvage” remains obscure. Too often it has unfortunately 
simply meant a limb that is pink and warm or in which the frac- 
tures are fixed. As a consequence, we are burdened by an 
increasing number of trauma victims whose extremities have 
been “salvaged” but who are chronically disabled because of 
pain, neuropathy, draining wounds, fracture nonunion, limb 
length discrepancy, or social dysfunction. 

We have been interested in developing simple objective crite- 
ria that might predict the likelihood of limb salvage. Termed the 
Mangled Extremity Severity Score, or MESS, our scoring system 
utilizes the duration and extent of limb ischemia, the magnitude 
of the soft-tissue injury, the presence and extent of systemic 
shock, and the patient’s age or medical comorbidity to predict 
ultimate outcome. 

In both a retrospective study performed at Harborview (Seat- 
tle) as well as a prospective two-center study performed in Se- 
attle and Tampa, Fla, a score greater than 7 was associated with 
a 100% likelihood of subsequent amputation. The authors retro- 
spectively evaluated 80 lower-extremity injuries, emphasizing 
primarily the neurovascular status of the damaged extremity at 
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the time of admission. They concluded that their approach— 
specifically, determination of the presence or absence of a 
pulse —was just as accurate as other scoring systems that have 
been promulgated and a great deal less complex. 

They also concluded that early postoperative amputation 
should be entertained when a significantly positive fluid bal- 
ance, or other ominous signs, suggests that the effects of the 
mangled extremity have become not just local or regional but 
systemic. These conclusions are in some agreement with our 
own. We emphasize that limbs in which protective neurologic 
function is clearly lost should be amputated. In our MESS pro- 
tocol, the largest increment relates to the limb’s vascular status. 
We, like they, are interested in simplicity in such a scoring sys- 
tem. 

However, the authors significantly underemphasized the im- 
portance of the soft-tissue injury. Here, we wish to underscore 
the principle of what we term the zone of injury. The implica- 
tions of a machete wound to the thigh are profoundly less om- 
inous than are those of a crush injury resulting from a truck tire. 
Neither may have a distal pulse and both can be initially recon- 
structed; however, the crush injury too frequently goes on to 
wound sepsis, vascular thrombosis, and a late amputation. 

I retrospectively tested the Sacramento scoring approach for 
mangled extremities in the patients we have previously reported 
from Harborview. Such retrospective analyses are limited in their 
value, ef course, but in this group of 52 limbs, I discovered two sal- 
vaged extremities in which amputation would have been predicted 
by the Sacramento protocol and two others that were ultimately 
amputated for which this approach would have predicted salvage. 

Would the authors comment on the issue of massive crush in- 
jury? Such injuries might potentially have distal pulses initially 
yet are at high risk for later amputation because of the zone of 
injury principle previously mentioned. The badly damaged 
lower extremity may have no palpable pulse because of shock, 
edema, hematoma, dressings, or splints. Noninvasive vascular 
technology, such as the hand-held Doppler, may assist in the 
evaluation of limb perfusion. Is this used? Have you prospec- 
tively evaluated your scoring approach for mangled extremities 
in advance of patient management and outcome? 

WILLIAM P. SCHECTER, MD, San Francisco, Calif: Recently, 
Hoffman and Delgado reported a series of grade 3C tibia 
fractures treated with a different fixation technique. They 
switched, when possible, from external fixation to intramedul- 
lary rod internal fixation of the tibia, because injuries with mas- 
sive soft-tissue crush and tissue loss are best treated with 
delayed flap closure with a myocutaneous free flap. External fix- 
ation makes the plastic surgeon’s job a lot tougher. I would ask 
the authors about whether their technique is in the process of 
evolution or do they feel committed to external fixators? 

Occasionally, one ends up with a revascularized live foot at- 
tached to a dead leg that has been stripped of muscle and peri- 
osteum. When the patient wakes up and sees the foot, he or she 
is very, very reluctant to allow amputation in a timely manner 
when we see that it’s not working out. Frequently, we're faced 
with a delayed amputation of a leg after sepsis had occurred. 

In several patients, by revascularizing them we may convert 
an otherwise initial BKA to an eventual AKA because of ascend- 
ing sepsis. Are the authors more successful in getting patients 
to agree to earlier amputation when it is indicated? 

STEVEN N. PARKS, MD, Fresno, Calif: Judgment is probably the 
most important thing in patients with these mangled extremi- 
ties. What we try to do is not try to save a limb and wind up los- 
ing a life. What the authors have done is try to point out a way 
to make our judgment more effective and accurate. 

Having saved a foot and wound up with a dead leg in between, 
that’s a terrible thing to have happen. Today, people expect you 
to be able to sew something back on when in fact in many cases 
they'd be much better off with a prosthesis than with an insen- 
sate dead leg that just happens to be pink and have live tissue 
stuck on the end of it. 

One of the biggest problems once you have saved that foot is 
the emotion involved in having to go back and do a secondary 
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operation. I’m very interested in looking at how much resusci- 
tation has been required and then making that decision very 
early and telling the patien: that this is not successful, rather than 
having them look at that foot for several days and then have to 
have them agree to am amputation. 

JAMES J. PECK, MD, Portland, Ore: How many patients had 
complete traumatic amputations? In the adult, there are no in- 
dications to reimplant these limbs, a situation that may not be 
true for pediatric patients. 

It is a mistake to combine blunt and penetrating trauma. This 
is comparing apples amd oranges. The importance of soft-tissue 
injury is much more significant in blunt injury and frequently 
requires the early intervention of the plastic surgeon. 

F. WILLIAM HEER, MD, San Francisco: What was the mecha- 
nism of death in the three patients? Recently, a patient on our 
replant service who was a very vigorous 23-year-old with recent 
severe leg injury arrested during induction of anesthesia with 
succinylcholine. I wish te point out the danger of the use of this 
drug because of a sudden potassium release from the cells. This 
man underwent a hyperkalemic arrest from which he was 
resuscitated. It was a very frightening experience for everybody. 

J. GORDON HOLMES, MD, Lafayette, Calif: There are many 
methods of evaluating things by numbers, but there’s a certain 
human factor that has to come into consideration on this type of 
a case, especially in the case of a child. 

Thirty-one years ago, an 8-year-old child hooked a ride on a 
slow-moving freight train in the railroad yards of Oakland, 
Calif, and swung uncer a wheel, transecting his left calf in about 
the middle portion and his right thigh in the distal third. 

The interesting part of the injury was that his sciatic nerve, one 
way or another, was squeezed free. Thus, the amputation was 
incomplete in that the sciatic nerve lay intact between the 
transected proximal and distal thigh. 

In 1959, the progress in surgery and vascular surgery and re- 
construction was not what it is today, and the child lay in the 
emergency department for a matter of hours before someone 
thought something could be done. 

So the problems faced were those of severe shock in an 
8-year-old boy, the cbvious loss of the left leg, and the interest- 
ing problem with the right thigh. The added problem was one 
that has been alluded to in earlier discussion of loss of covering 
tissue. This injury somehow avulsed the skin of the lower por- 
tion of the right side of the abdomen and the right buttock, pull- 
ing all the skin off and exposing that large area. 

Because the left leg was obviously gone and because fore- 
shortening of the right leg, should it be reconstructed, seemed 
reasonably acceptable, we made this attempt. An extensive dé- 
bridement was performed, bone fixation was accomplished, 
muscle approximation was made, and arterial and venous anas- 
tomoses were accoraplished. Arteriography demonstrated flow, 
and the foot pulse was palpable. 

Now, of course. the postoperative period was extremely 
stormy. It appearec that we had a chance for success for many 
weeks, but amputation was finally performed on the 46th post- 
operative day because of sepsis (you can imagine the contami- 
nation of this injury from the freight train in the railroad yard) 
and thrombosis of the venous anastomoses. Still, we believe that 
the effort was worthwhile in a bilateral amputation in a child. 
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DR HOLCROFT: This retrospective study began with our obser- 
vation that we had three preventable deaths during a period of 
several years in patients who had isolated lower-extremity inju- 
ries; bad injuries, true, but nonetheless isolated extremity inju- 
ries in patients who later went on to die. Our goal was to look 
back and see if there was some way we could minimize these 
tragedies. 

I think the soft tissue is absolutely essential. In many cases, 
that’s what kills the patient. The machete wound is usually mi- 
nor and is not going to be fatal. The extremity crushed by a car, 
however, is a major problem. The question is as follows: How 
do you quantitate the soft-tissue damage at the time of surgery? 

What we have found is that there’s some common sense in- 
volved here. Sometimes it’s obvious that the extremity has to go. 
If the extremity is in between, that judgment can be made the 
next day. You go ahead and salvage the extremity initially. If the 
patient looks good 24 hours later, then the soft-tissue injury is 
not going to be much of a problem. On the other hand, if the pa- 
tient looks bad at 24 hours, then you should amputate second- 
arily, before the patient becomes psychologically committed to 
maintaining the extremity no matter what and before the 
extremity has the chance to kill the patient. 

We rely on our physical examination for the pulses. We don’t 
use the Doppler instruments very often; usually, it’s obvious. 
The extremity either has some perfusion or it’s cadaveric, and the 
decision is easy to make. 

We have used the criteria that we outlined today prospectively 
insofar as now when the patient looks bad at 24 hours we go ahead 
with a prompt amputation. We haven't had any deaths in patients 
with injuries of this sort since we've adopted that policy. 

Our routine in many of the patients with bad tibia fractures is 
to use IM rodding. We've done that for several years now. We 
do make free use of myocutaneous flaps. In a sense, these 
reconstructive capabilities pose a problem because the orthope- 
dic surgeons and the plastic reconstructive surgeons can now 
salvage almost any extremity that we give to them. The question 
is as follows: When should you actually do it? We hope that our 
report makes clear how we now make that decision. 

The insensate limb is probably of little use; the patient is usu- 
ally better off with an early amputation. There were three com- 
plete amputations in our series. There were several other ampu- 
tations that were not complete insofar as the extremity was 
hanging on by a posterior flap of skin. 

The mechanism of death in all three of the patients was mul- 
tiple organ failure. The earliest occurred some 8 days after the 
injury; the latest occurred about 2 months after the injury. We 
think that the early injury contributed to the late deaths in all of 
these cases. We didn’t have any problems with administration 
of succinylcholine, but we were aware of the problem and we 
avoided that in our series of patients. 

We think the advantage of looking at fluid balance at 24 hours 
is that you can then lump the penetrating and blunt injuries to- 
gether. A high-velocity missile injury can be devastating to the 
soft tissue, just as blunt injuries are sometimes not devastating. 

With respect to the bilateral injuries, sometimes we use skin 
from an amputated part to cover injuries to other parts of the 
body. You can harvest skin from the amputated part and use that 
to give coverage that you otherwise couldn’t obtain. 
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Limb Salvage vs Amputation for Critical Ischemia 


The Role of Vascular Surgery 


Lloyd M. Taylor, Jr, MD; Daniel Hamre, MD; Ronald L. Dalman, MD; John M. Porter, MD 


@ Since 1980, 498 patients with 627 critically ischemic legs 
(rest pain, gangrene, ischemic ulcer, and ankle-brachial 
pressure index <0.49) were treated with revascularization 
regardless of operative risk or anticipated operative diffi- 
culty. Primary amputation was performed only when no 
graftable distal vessels were present (14 primary amputa- 
tions [2.8%]) or in neurologically impaired, hopelessly 
nonambulatory patients. The mortality for revasculariza- 
tion was 2.3%, and the median hospital stay was 11 days. 
During follow-up, 41 limbs (7%) required amputation, 31 
after failure of revascularization and 10 despite patent re- 
vascularizations. Renal failure had an adverse influence on 
limb salvage (67%) because of a significantly increased re- 
quirement for amputation despite patent revasculariza- 
tions. We conclude aggressive limb revascularization in pa- 
tients with critical lbwer-extremity ischemia results in low 
operative morbidity and mortality and excellent long-term 
limb salvage. Patients with critical leg ischemia and renal 
failure are at higher risk for limb loss than patients without 
renal failure. 
(Arch Surg. 199%;126:1251-1258) 


D pace improvement in limb salvage in patients with 

critical leg ischemia is well documented in the recent 
vascular surgical literature.'° This has resulted largely 
from a remarkable improvement in leg revascularization 
patency, especially autogenous vein bypass performed by 
reversed or in situ technique.”* Definite, but lesser, 
patency improvements have accompanied prosthetic 
grafting.’ In recent years, leg revascularization has been 
extended to many patient groups previously thought in- 
operable or inappropriate for revascularization surgery. 
These include diabetics,” patients without adequate ipsi- 
lateral greater saphenous veins," patients without any 
usable autogenous veins,” patients requiring bypass 
grafts to extremely distal arteries of the ankle and foot, !*5 
and patients with large soft-tissue defects requiring ex- 
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tensive and complicated reconstructions in addition to 
revascularization.”° 

Despite these major advances in limb salvage, many 
physicians persist in the belief that attempted revascular- 
ization is inappropriate for many patients with limbs 
threatened by ischemia, and they continue to recommend 
primary amputation. Unfortunately, amputation for 
lower-extremity ischemia frequently is followed by infir- 
mity, institutionalization, and death for the patient. The 
literature is devoid of randomized studies comparing the 
outcome of patients treated by amputation vs revascular- 
ization, precluding valid scientific comparison of proce- 
dural results. However, the outcome of large patient 
groups treated by amputation has been described repeat- 
edly, and the dire long-term prognosis for patients after 
amputation is well documented.’ To date, to our 
knowledge, the long-term outcome of a large patient 
group with limb-threatening ischemia treated exclusively 
by revascularization has not been described. 

Since 1980, all patients referred to our vascular surgery 
service for treatment of limb-threatening ischemia have 
been considered for revascularization, without regard to 
age, coexisting medical conditions, perceived operative 
risk, availability of autogenous conduits, or perceived 
magnitude or difficulty of the proposed operative proce- 
dure. The only patients treated with primary amputation 
have been those in whom no possibility existed for revas- 
cularization (fewer than 3% of patients; see below), or 
who were institutionalized, neurologically impaired, and 
hopelessly nonambulatory. The purpose of this report is 
to examine the outcome of this treatment in various pa- 
tient subgroups to determine if any can be identified in 
whom the outcome of revascularization is sufficiently 
poor that primary amputation appears preferable. 


PATIENTS AND METHODS 


The records of all patients referred to the Vascular Surgery 
Service at Oregon Health Sciences University, Portland, for 
treatment of lower-extremity ischemia from January 1, 1980, 
through December 31, 1990, were reviewed. Institutionalized, 
neurologically impaired patients in chronic vegetative states 
were not considered for revascularization and are excluded from 
this study. Patients were selected for this study if they met the 
following criteria for diagnosis of limb-threatening ischemia: (1) 
presence of lower-extremity ischemic rest pain, gangrene, or is- 
chemic ulceration, together with (2) ankle-brachial systolic pres- 
sure index of less than or equal to 0.40. Diabetic patients with 
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—Procedures Performed for Revascularization 
of 613 Limbs Threatened by Ischemia 


No. (%) 





Procedure 





Aortofemoral graft 29 (4.7) 
Axillofemoral graft 25 (4) 
Femorofemoral graft 26 (4.2) 
Femoropopliteal graft 213 (35) 
Femorotibial graft 203 (33) 
Popliteal tibial/pedal graft 63 (10.3) 
Multilevel grafts 37 (6) 
Endarterectomy 17 (2.8) 


Total 613 (100) 





severe vessel calcification in whom pressure measurements were 
artifactually elevated were considered to have limb-threatening 
ischemia if ischemic rest pain, gangrene, or ischemic ulceration 
was present and the great toe—brachial systolic pressure ratio 
was less than or equal to 0.3, or plethysmographically obtained 
toe arterial waveforms were markedly obstructive. Although di- 
abetic patients with toe gangrene and palpable pedal pulses 
amenable to bypass grafting have been described,” such patients 
have not been encountered in our practice, and none are 
included in this series. This definition of limb-threatening 
ischemia is in agreement with the criteria suggested by the joint 
committee of the national vascular societies.” 

Supervisory service personnel remained unchanged during 
this period, and the clinical approach was uniform. All patients 
with suspected critical leg ischemia were initially examined in 
the noninvasive vascular laboratory by means of previously de- 
scribed techniques.” Those patients in whom the diagnosis was 
confirmed underwent detailed arteriography of the entire lower 
extremities by techniques described by our radiology group.” 
Primary amputation was performed only in patients in whom 
arteriography revealed no possibility for any revascularization. 
All others were treated by revascularization. The techniques 
used for revascularization emphasized use of the vascular labo- 
ratory to predict the hemodynamic outcome of procedures,” use 
of complete revascularization to restore pulsatile flow to the di- 
stal limb to permit healing of foot lesions,” use of alternate au- 
togenous vein for infrainguinal bypass grafts when ipsilateral 
greater saphenous vein was not available,"’ and use of intraop- 
erative Doppler examination, intraoperative electromagnetic 
flow measurements, and operative completion arteriography to 
ensure technical adequacy of revascularizations.* 

After revascularization, outpatient examinations were per- 
formed every 3 months for 1 year, and then every 6 months for 
life. Bypass graft surveillance was performed in the vascular 
laboratory by means of duplex scan—determined graft flow 
velocity measurements, recorded from the midportion of the 
bypass grafts, as described by Bandyk et al” for use with in situ 
grafts and modified by our group for use with reversed vein 
grafts.” Patients with low graft flow velocities underwent arte- 
riography, and any flow-restricting stenotic lesions identified 
were repaired electively to prevent graft thrombosis. Patients 
presenting with failed revascularizations and recurrent limb- 
threatening ischemia underwent arteriography and consider- 
ation of repeated revascularization exactly as described above. 

In addition to demographic information, results analyzed for 
this study included number and type of revascularization oper- 
ations, and patency, limb salvage, and patient survival after re- 
vascularization. Graft patency was determined by the presence 
of a palpable graft pulse, maintenance of original improvement 
in ankle-brachial pressure index as determined in the vascular 
laboratory, or arteriography. Only primary patency was calcu- 
lated for purposes of this study. Primary patency was defined as 
uninterrupted patency of the original reconstruction, without 
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Table 2.—Conduits Used in 516 Infrainguinal By 
Grafts for Limb-Threatening E aiak arta 





Ipsilateral greater saphenous vein 318 (62) 
Spiced veins 69 (13) 
Contralateral greater saphenous vein 54 (10.5) 
Presthetic 38 (7) 
Arm veins 30 (6) 
Lesser saphenous vein 7 (1.5) 


Total 516 (100) 





revisicn or alteration by repeated operation, angioplasty, throm- 
bolytic infusion, etc. Grafts that occluded immediately postop- 
erativdy and were restored to patency by reoperation were re- 
gardec as occluded. Limb salvage was defined as retention of the 
limb without the need for amputation above the metatarsal level 
(ie, retention of the ability to walk without a prosthesis). Limbs 
undergoing successful toe and transmetatarsal amputations 
were considered salvaged. Patency, limb salvage, and survival 
were calculated by the life-table method. These definitions and 
methods were compatible with the suggested reporting stan- 
dards for lower-extremity ischemia agreed on by the joint vas- 
cular secieties.”” 


RESULTS 


Durmg the study period, 627 critically ischemic legs 
were treated in 498 patients. Diabetes was present in 212 
patients (43%). Renal failure (defined as the need for he- 
modialysis, peritoneal dialysis, or presence of a function- 
ing allograft) was present in 55 patients (11%). The mean 
age of the patients was 68 years (range, 24 to 97 years). No 
possibility for vascular reconstruction was present after 
arteriography in 14 limbs (2.2%) in 14 patients (2.8%). 
Each o: these patients had a complete absence of distal 
graftabe vessels on high-quality arteriograms that clearly 
visualized tiny unnamed vessels in the most distal ex- 
tremity. These patients underwent primary amputation. 
All 14 primary amputations were performed for gan- 
grene. The remaining 613 limbs in 484 patients were 
treated by revascularization. For these procedures, the 
indications for operation were ischemic rest pain for 282 
procedures (46%), gangrene for 181 procedures (30%), 
and ischemic ulcer for 150 procedures (24%). The proce- 
dures performed are listed in Table 1. Of the 613 proce- 
dures, 516 (84%) consisted solely of or included infrain- 
guinal bypass grafting. 

The conduits used for the 516 infrainguinal bypass 
grafts a-e indicated in Table 2. Sixty-two percent of the 
bypasses were constructed with ipsilateral greater saphe- 
nous ven, whereas only 7% used prosthetic. The remain- 
ing 31% were constructed with alternate autogenous vein 
sources. 

There were 14 (2.3%) operative deaths after revascular- 
ization, 11 from myocardial infarction, two from multiple 
organ s}stem failure, and one from stroke. Major compli- 
cations eccurred after 35 operations (5.7%); these compli- 
cations included nonfatal myocardial infarction (15 
[2.4%]), hemorrhage (17 [2.8%]), and nonfatal stroke 
(three [0 4%]). Minor wound complications occurred in 51 
patients (8.3%). The median length of hospital stay for the 
613 revascularization operations was 11 days. 

The mean follow-up for the patients treated by revas- 
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Table 3.—Life-Table Primary Patency for 613 Arterial 
Reconstructions payee for Limb-Threatening 
Ischemia 


No. No. 
Interval, at No: With- Interval Cumulative 
mo Risk Occluded drawn Patency Patency SE 


























Table 4.—Life-Table Graft Patency for Various 
Categeries of Revascularization 






Primary 










Patency, % 
No. of  ——— 
Operations* 1y 3y 5y 







Aortofemoral 






Axillofemoral 
Femorofemoral 









Femoropopliteal 213 94 

Femorotibial 203 88 70 67 <.01 
Popliteal tibial/pedal 67 o BS. we NS 
Multilevel 37 a ae NS 
Good vein primary 265 a U 7 NS 
Alternate vein bypasses 203 87 66 52 <.001 
Diabetics 265 90 8 80 NS 
Repeated bypasses 189 ao O71, . SF. cos 
Renal failure 71 Oe TE on ce. ONE 






“Total in this columm exceeds 613 because some procedures ap- 
pear in more than one category, ie, repeated bypass using alternate 
vein. 

tCompared with all.other bypasses, log-rank test. NS indicates 
not significant. 

+Numbers too smal’; SE exceeded 10%. 


cularization was 21 months, with a range of follow-up of 
1 to 114 months. During the follow-up, 111 revasculariza- 
tions lost primary patency at a mean interval of 30 months 
after operation (range, 1 to 114 months). Sixty-eight of 
these (61%) lost primary patency at a mean interval of 28 
months after operation (range, 1 to 107 months) because 
of occlusion. The other 43 revascularizations (39%) losing 
primary patency did so because of asymptomatic lesions 
discovered via noninvasive graft surveillance (31 of 43 
[72%]) or stenotic lesions producing recurrent ischemic 
symptoms (12 of 43 [28%]). Secondary patency was 
maintained in these 43 revascularizations by revision 
procedures. Limbs-with occluded revascularizations were 
either amputated (31 limbs [46% of occluded grafts]) or 
underwent successful repeated revascularizations with 
maintenance of limb salvage (36 limbs [53% of occluded 
grafts]). Only one patient with an occluded revascular- 
ization not corrected by repeated operation retained the 
originally threatened limb. In addition to the 31 limbs 
amputated after revascularization occlusion, 10 limbs re- 
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=< — = Primary (P<.05) 
Secondary (P<.005) 
Tibial (P<.05) 


36 
Months 





Fig 1.—Life-table primary patency of all vascular reconstructions, 
comparing patency of primary operations for limb salvage using 
good-quality ipsilateral greater saphenous vein vs bypasses to tibial 
vessels and vs bypasses using alternate conduits or bypasses per- 
formed after failure of initial revascularization. 


quired amputation despite the presence of patent vascu- 
lar grafts. All 10 limbs presented with large gangrenous 
lesions of the foot that failed to heal despite revascular- 
ization. Five (50%) of the 10 limbs amputated with patent 
grafts were in patients with renal failure, four of which 
were in patients who also had diabetes. 

The primary patency of all vascular reconstructions 
(Table 3) was 92%, 77%, and 57% by life-table analysis at 
1, 3, and 5 years, respectively. The primary patency for 
various patient subgroups is shown in Table 4. The per- 
formance of bypass grafts to tibial arteries, use of alternate 
vein conduits, and performance of repeated revascular- 
ization surgery all resulted in primary patency signifi- 
cantly lower than that achieved in the remaining grafts. 
Figure 1 shows the life-table patency curves for each of the 
three main infrainguinal graft categories. The primary 
patency at 5 years for initial infrainguinal bypass for limb 
salvage performed with a good-quality greater saphenous 
vein was 75%, which was significantly different from the 
primary patency of reconstructions to tibial arteries (60% 
at 5 years; P<.01, log-rank test) and was also significantly 
different from the primary patency for infrainguinal 
bypasses performed with alternate vein or prosthetic 
conduits or repeated bypasses (52% at 5 years; P<.005, 
log-rank test). 

During follow-up 41 limbs originally treated by revas- 
cularization were amputated at a mean interval of 7 
months after revascularization (range, 0 to 72 months). 
The knee joint was preserved in 31 amputations (76%). 
The life-table limb salvage for the 613 threatened limbs 
(Table 5) was 95%, 90%, and 83% at 1, 3, and 5 years, re- 
spectively. The influence of various patient subgroups on 
limb salvage is shown in Table 6. Type or site of revascu- 
larization, type of conduit used, need for repeated sur- 
gery, and presence of diabetes did not have a significant 
effect on long-term limb salvage. Only the presence of re- 
nal failure produced a significant negative effect on the 
limb salvage rate as determined by life-table methods (re- 
nal failure limb salvage, 67% at 3 years, vs all other limbs, 
87% salvaged at 5 years; P<.001, log-rank test). The dif- 
ference between limb salvage in renal failure and all other 
limbs is shown in Fig 2. The effect of renal failure on limb 
salvage is examined further in Table 7. The significantly 
higher incidence of amputation in patients with renal 
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Table 5.—Life-Table Limb Salvage for 613 Limbs 
Threatened by Ischemia Treated by Revascularization 


No. No. No. 
Interval, at Ampu- With- Interval Cumulative 
mo Risk tated drawn Salvage Salvage SE 






Table 6.—Life-Table Limb Salvage for Various Patient 
Categories Treated by Revascularization 


Limb Salvage, % 





ly 
Aortofemoral net 
Axillofemoral 25 100 100 100 NS 
Femorofemoral 26 o RTE EEE. NS 


Femoropopliteal 213 95 94 94 NS 
Femorotibial 203 94 84 84 NS 
Popliteal tibial/pedal 67 97 93 76 NS 


Multilevel 
Alternate vein 
Diabetes 
Repeated bypasses 189 97 86 75 NS 
Renal failure 71 82 67 


No renal failure 











*Compared with all other limbs treated by revascularization 
(log-rank test). NS indicates not significant. 
+Numbers too small; SE exceeds 10%. 


No Renal Failure 
Renal Failure 


P<.001 


36 
Months 


Fig 2.—Life-table limb salvage of patients without renal failure 
compared with limb salvage for patients with renal failure. 


failure (27% of all amputations occurred in patients with 
renal failure, who represented only 11% of patients; 
P<.005, Student’s t test) is explained by a higher occur- 
rence of amputation despite a patent vascular reconstruc- 
tion (five [50%] of the 10 amputations in this category oc- 
curred in patients with renal failure; P<.001) and not by 
a higher incidence of amputation after loss of vascular re- 
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Table 7.—Effect of Renal Failure on Limb Salvage 


No. (%) No. (%) 
With Without 
Renal Failure Renal Failure Total 


Patients having 


revascularization 429 (89) 55 (11) 


Limbs having 


revascularization 542 (88) 71 (12) 


Limbs amputated after 
revascularization 
occlusion 


25 (81) 6 (19) 


Limbs amputated despite 
patent revascularization 


Total Amputations 


*P<.001, Student's t test. 
+tP<.005, Student’s t test. 


5 (50) 
30 (73) 


5 (50)* 
11 (27)t 


construction patency (19% of the 31 amputations in this 
category occurred in patients with renal failure; not 
significant). 

One hundred forty-three patients undergoing revascu- 
larization died during follow-up at intervals ranging from 
1 to 91 months after operation (mean, 20 months). The 
life-table patient survival of all patients undergoing re- 
vascularization (Table 8, Fig 3) was 82%, 63%, and 38% at 
1, 3, and 5 years, respectively. 


COMMENT 


This report presents results of an entire institutional 
experience with treatment of patients with critical leg is- 
chemia. The underlying treatment philosophy was to at- 
tempt revascularization for all patients, reserving primary 
amputation only for those in whom there was no possi- 
bility of revascularization, as determined by high-quality 
arteriography. This philosophy remained unchanged 
during the entire period of this study, allowing examina- 
tion of the results of this treatment. Revascularization was 
applied to nearly all patients encountered (97.2%), with 
primary amputation performed in only 14 limbs (2.8%). 
This means that our institutional experience does not in- 
clude a large group of patients with primary amputation 
whose outcome of treatment can be compared with that 
of the revascularization group. It does, however, permit 
examination of the results of treatment of this large 
revascularization group, to determine if one or more pa- 
tient subgroups had sufficiently adverse revascularization 
outcome that primary amputation should be considered. 

At present, no precise definition of limb-threatening 
ischemia exists, except as considered in retrospect. Al- 
though it is widely believed that all patients with distal- 
limb ischemic gangrene or ischemic ulcers require revas- 
cularization to prevent amputation, several studies attest 
to the ability of some severely ischemic limbs to improve 
spontaneously without specific therapy.” It is thus es- 
sential that any definition of limb-threatening ischemia 
include objective hemodynamic measures documenting 
severe occlusive disease. The definition chosen for this 
study was that proposed by the joint national vascular 
societies. Its validity appears confirmed by the results 
given above. Only one limb in which revascularization 
could not be maintained was salvaged. All others losing 
revascularization required amputation. 

The summary results of this study, in which only 41 
(6.7%) of 613 limbs treated by revascularization ultimately 
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Table 8.—Life-Table Survival for 484 Patients Treated for 
Limb-Threatening Ischemia by Revascularization 


Interval, No. at No. No. Interval Cumulative 
mo Risk Deac Withdrawn Survival Survival SE 






24 36 
Months 


Fig 3.—Life-table survival for all patients presenting for treatment of 
limb-threatening lower-extremity ischemia. 


required amputation. provide ample evidence of the suc- 
cess of modern techniques of lower-extremity revascular- 
ization. A rational recommendation for primary amputa- 
tion as a preferred alternative to revascularization must be 
based on documentation that revascularization results in 
certain patient subgroups are measurably inferior to 
results achieved by amputation. This in turn may be 
based on anticipation of unacceptably high operative risk 
of revascularizatien, on anticipated low revascularization 
patency, on failure of successful revascularization to 
achieve limb salvage, or on considerations of the cost- 
benefit ratio of revascularization compared with amputa- 
tion. 

The operative mortality for revascularization in this pa- 
tient series (2.3%, in which no patient was denied revas- 
cularization because of perceived excessive operative risk, 
was lower than that published for any series of major 
lower-extremity amputations for ischemia, including our 
own.™* Although published amputation series cannot be 
correctly compared with published revascularization se- 
ries because of the obvious differences in patient selec- 
tion, Ouriel and associates” recently compared mortality 
results of concuarently performed amputation and revas- 
cularization series from the same institution in which the 
patients in each group were stratified for operative risk. 
In their study, the operative mortality, hospital stay, and 
long-term survival were all decreased in the revascular- 
ization group, and this advantage over the amputation 
group was greatest in the patient subgroups with the 
highest predicted operative risk. It is clear from this study, 
as well as from other studies of amputation mortality,“ 
that the perception of amputation as a procedure with 
lesser operative risk than revascularization is incorrect 
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and should be abandoned. Clearly there is persuasive ev- 
idence that the opposite is true. 

Logically, revascularization with sufficiently poor an- 
ticipated patency, such that amputation usually results 
shortly thereafter, seems contraindicated. In the present 
report, several categories of revascularization demon- 
strated statistically significantly decreased long-term pri- 
mary patency. These included bypasses to tibial arteries, 
bypasses in which ipsilateral greater saphenous vein was 
not available, and bypasses performed in limbs in which 
at least one revascularization had already failed (Table 4). 
Of note, however, is that limb salvage associated with 
each of these revascularization categories was not de- 
creased (Table 6), reflecting the success that both graft 
surveillance and reoperation for failing or failed grafts 
have with maintaining limb salvage and again demon- 
strating the important difference between primary and 
secondary patency. Although limb salvage in these se- 
lected patients was achieved at the expense of multiple 
procedures, only 18% of limbs (111/613) required repeated 
operations, the majority of limbs (502 [82%]) requiring 
only a single revascularization to maintain limb salvage 
until death or the end of the study. 

It has been reported that ultimately unsuccessful at- 
tempts at limb salvage result in a higher incidence of am- 
putation at the above-knee level than occurs in patients 
undergoing primary amputation for ischemia without 
preceding attempts at revascularization.® In this series, 
only 10 (24%) of the amputations performed after failed 
revascularization were at the above-knee level, a fraction 
not different from that reported in multiple primary am- 
putation series.” Similar results after revascularization 
have been noted by others.” This question regarding am- 
putation level after failed revascularization is important 
only if large numbers of such procedures are necessary. 
If amputation rarely follows revascularization, selection 
of primary amputation in a large number of patients to 
avoid above-knee amputation in a few patients is illogical. 

Ten patients in this series required amputation despite 
the presence of a patent and functioning bypass graft. All 
these patients initially presented with large gangrenous 
foot lesions that failed to heal despite patent revascular- 
ization. A disproportionately large number of these am- 
putations occurred in patients with renal failure (five of 10 
[50%]; Table 7) who represented only 12% of the overall 
patient group. The occurrence of amputation despite a 
patent graft explains the lower incidence of limb salvage 
occurring in the renal failure patient group compared with 
all other groups (Table 6), since graft patency (Table 4) and 
the occurrence of amputation after revascularization fail- 
ure (Table 7) were not different when limbs in patients 
with renal failure were compared with others. Some of 
these amputations occurred in limbs undergoing proxi- 
mal femoropopliteal or tibial grafts above significant 
residual tibial or pedal occlusive disease that in retrospect 
might have been more appropriately treated by direct 
pedal bypass. In others, accompaniment of arterial revas- 
cularization by major soft-tissue reconstruction proce- 
dures may have produced wound healing, as reported by 
others. Whatever techniques are used, continued scru- 
tiny of the renal failure patient group is warranted, since 
the significantly lower limb salvage figures achieved in 
this setting originally reported by us® have now been 
confirmed by others.“ It is certainly our opinion that the 
rate of limb salvage achieved in this patient group is suf- 
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ficiently high (67% at 3 years) to justify continued efforts. 
However, we continue to believe that patients with renal 
failure and large gangrenous foot lesions should be con- 
sidered at very high risk for amputation despite success- 
ful bypass, and a very aggressive surgical approach 
including restoration of pulsatile flow to the ulcerated 
area as well as concomitant soft-tissue reconstruction 
seems warranted. 

The issue of cost vs benefit of revascularization when 
compared with amputation has been addressed by several 
studies.” Successful revascularization is consistently 
less expensive than amputation, a finding emphasized by 
the low median hospital stay (11 days) in the present 
study. Although failed revascularization followed by am- 
putation is the most expensive sequence, this is important 
only if significant numbers of such amputations are 
required after revascularization, which was certainly not 
true in the present study. 

The poor long-term survival of the patients in this study 
(38% by life table at 5 years; Fig 3) emphasizes the 
advanced age and serious coexisting vascular and other 
diseases found in the limb salvage group. This feature 
suggests that durability of revascularizations may not be 
as important an issue as initial success rates. Although it 
is tempting to speculate that a more aggressive approach 
to the coronary and cerebrovascular disease present in 
these patients might result in improved survival, no ev- 
idence of this has ever been presented. A more realistic 
assessment may be that the occurrence of limb- 
threatening ischemia is an end-stage manifestation of 
generalized atherosclerosis and accurately defines a pa- 
tient group approaching the end of life. The surgeon’s ef- 
forts should be directed toward relief of distressing 
symptoms and preservation of the limb rather than the 
increasingly invasive, expensive, and inevitably futile ef- 
forts to prolong the end stages of life. 

In summary, the results of the present study, in which 
all patients with limbs threatened by ischemia were 
treated by revascularization without regard to operative 
risk or the perceived difficulty of the revascularization, 
suggest to us the validity of the approach. The long-term 
limb salvage achieved in patients without renal failure 
(87% at 5 years by life table; Fig 2) clearly justifies this ap- 
proach. The occurrence of amputation despite patent re- 
vascularizations in patients with renal failure and large 
gangrenous foot lesions mandates continuing careful 
evaluation of results in this difficult patient group. 
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Discussion 


WESLEY S. MOORE, MD, Los Angeles, Calif: There are two 
principal objectives in treating patients with limb-threatening 
ischemia: (1) relief of pain with control of gangrene and (2) re- 
turn of the patient to prior state of ambulation (hopefully bipe- 
dal). Two surgical approaches can achieve these objectives. First 
is the time-honored approach of amputation, which is reputed 
to have the advantages of being definitive, cost-effective, and 
requiring only a short period of hospitalization. The second ap- 
proach has been limb salvage using vascular repair, with the 
more distal tibial reconstructions being controversial. 

Most patients have 2 morbid fear of losing an extremity, and 
clearly limb salvage by vascular repair is preferable provided that 
it will work in a large percentage of patients, and that salvage, 
once achieved, is longlasting. Morbidity and mortality associated 
with revascularization must be competitive with primary ampu- 
tation; a failure of revascularization must not adversely compro- 
mise the level of amputation; and finally, revascularization must 
be cost-competitive and-effective compared with amputation. Dr 
Taylor and his colleagues have presented a superb series of pa- 
tients undergoing revascularization for limb salvage and have 
documented excellentresults. They havea mortality of 2.3%. This 
is clearly competitive with the average mortality associated with 
contemporary amputation, which ranges from 5% to 7%. The au- 
thors report a median hospital stay of 11 days, which is clearly 
competitive with the hospital stay required to achieve amputa- 
tion. They have documented that these patients often present to- 
ward the end of their lives with a 5-year survival of only 38%. Of 
the survivors, 57% have primary graft patency at the end of 5 
years, and 83% of the survivors enjoyed limb salvage. 

Several years ago, we decided to look at the issues of cost 
comparison between infrainguinal bypass grafting and lower- 
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extremity amputation. Since 1980, we adopted an aggressive 
approach to limb salvage. Therefore, we had to look at an earlier 
time frame that offered both amputation and revascularization. 
Between 1975 and 1980, there were 96 infrainguinal bypass graft 
procedures performed at UCLA Medical Center at the same time 
that 52 primary below-knee amputations were performed for 
limb-threatening ischemia. A cost analysis looking at the factors 
of room charge, clinical laboratory fees, prosthetics, and phys- 
ical medicine with rehabilitation was performed. The overall cost 
comparison revealed that the average patient undergoing revas- 
cularization incurred a charge of $18 160 compared with a charge 
of $19150 for amputation. 

If the cases were uncomplicated, the cost was less but equiv- 
alent between amputation and arterial reconstruction. However, 
if either the amputation or the grafting procedure were compli- 
cated, then this materially added to hospital cost, with the high- 
est cost in patients who underwent failed bypass grafts that ul- 
timately required amputation, which was $32 750 contrasted to 
the patient who failed an amputation and required revision with 
a cost of $31 470. At first glance, it would appear that it is cheaper 
to perform an amputation. However, when the costs of physical 
therapy and prosthetics are added on, then the cost of amputa- 
tion becomes completely equivalent to the cost of bypass graft- 
ing. We concluded from this study that the costs of bypass 
grafting and primary amputation are equivalent, and the deci- 
sion for amputation vs reconstruction cannot be justified on the 
basis of cost saving. 

Therefore, I find myself in complete agreement with the con- 
clusions presented by the authors. However, I have several 
questions that I would like to pose for their consideration. (1) 
What percentage of your cases were femoropopliteal bypass 
grafts vs femorotibial bypass grafts? Clearly, there will be a dif- 
ference in outcome between those two procedures, and there- 
fore this will be influenced by the case mix in your series. (2) Can 
you compare the morbidity, mortality, and hospital duration as 
well as the long-term limb salvage in patients undergoing fem- 
oropopliteal reconstruction vs femorotibial reconstruction? (3) 
What was the ultimate ambulatory status of patients who had 
limb salvage but suffered a thrombosed graft? (4) You defined 
limb threat as patients experiencing ischemic rest pain, gan- 
grene, or an ankle-brachial index of less than 0.4. What percent- 
age of your patients actually had ischemic rest pain, ulceration, 
or gangrene vs those who simply had a low ankle-brachial index? 
(5) What was your 30-day graft thrombosis rate? Did the patients 
whose grafts thrombosed within 30 days require amputation, 
and if so, could you tell us how many of those required above- 
knee amputation in contrast to below-knee amputation? 

MAX R. GASPAR, MD, Long Beach, Calif: The last sentence in 
the abstract stated that only 2% of the patients did not qualify for 
the series and went on to primary amputation. In the last 6 weeks 
I've had to amputate more than six limbs that I felt could not be 
reconstructed. I think it’s incumbent on the authors to tell us 
more precisely which limbs they amputate primarily. If it 
appears in the literature that 98% of limbs can be revascularized 
under their conditions, there will be far too many limbs that are 
revascularized rather than primarily amputated. The patient 
who is a diabetic and is on dialysis and has gangrene: what do 
you do with that patient? What about the patient with the really 
deep extensive infection? And what about the patient who has 
deep gangrene of the heel? Do you try to revascularize all of 
those patients? Or which ones really do you primarily amputate? 

RALPH B. DILLEY, MD, La Jolla, Calif: Could you tell us what 
the length of hospitalization was in the patients with gangrene 
and ulcerations as compared with those with rest pain? We can 
dismiss patients with rest pain from the hospital fairly quickly, 
but when we have patients with extensive gangrene or gangrene 
of the heel, whom we revascularize, they tend to have a much 
longer period of hospitalization. 

DR TAYLOR: Forty-six percent of the operations were to tibial 
arteries. Of the remainder, 20% were inflow operations and the 
rest were femoropopliteal bypass. I don’t have a comparison of 
the cost of limb salvage procedures or the length of stay between 
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the femoropopliteal and the femorotibial groups, but the femo- 
ropopliteal group is a much more favorable group. The people 
who require a femorotibial bypass are more elderly, have higher 
operative risk, have higher graft failure rates, have a higher in- 
cidence of gangrene, and are more severely diseased in every 
way. 

This study was limited to patients who had symptoms of 
limb-threatening ischemia. They either had ischemic rest pain, 
gangrene, or an ischemic ulcer and they had an ankle-brachial 
index less than or equal to 0.4. Patients who had no symptoms 
or who had only claudication and had an ankle-brachial index 
below 0.4 are not included in this study. The 30-day thrombosis 
rate for patients in this study, and in fact for all leg bypasses since 
1980, has been under 2%. The main reason for this is our insis- 
tence on objective confirmation of the patency of the arterial re- 
construction before leaving the operating room. 

In the past we performed operative completion arteriograms 
on every patient. We’ve gotten away from that in recent years 
since our hospital as a cost-saving measure cut down on the 
number of x-ray technicians available in the operating room. We 
now perform electromagnetic flow measurements and 
continuous-wave examination of the Doppler bypass graft, 
reserving completion arteriography for questionable grafts. 

There is a very small number of primary amputations per- 
formed in this series. We are all constrained by the nature of our 
practice situation. We operate as a tertiary referral hospital, with 
only a few patients who come from our local community. 

A result of this is that we see very few patients with emergency 
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need for acute lower-extremity amputation and we see very few 
patients who have gangrene involving the entire foot in whom 
the need for amputation is obvious. This has to do with the vari- 
ability of the local practice situation. Obviously, there are limbs 
for whick revascularization is not appropriate, and the percent- 
age in aryone’s individual practice will vary considerably. We 
don’t consider gangrene of the heel to be a contraindication to 
revascularization. We and our plastic surgeons are perfectly 
happy to treat such patients. Some of them require soft-tissue 
reconstruction above and beyond simple wound care. The same 
thing is true with extensive infection in the foot. If the infection 
has not produced necrosis and we think we can control it, we'll 
go ahead and revascularize. 

Diabetic patients on dialysis with chronic renal failure are the 
group in whom we have the poorest results. We first reported 
the assodation of end-stage renal disease and poor results of 
limb salvage to this organization several years ago, and our on- 
going anelysis has continued to indicate that these patients have 
significartly inferior results to any other patient group. The limb 
salvage is good enough at 67% at 3 years to justify ongoing ef- 
forts in these patients. We think one possible error has been in 
not being sufficiently aggressive in treating these patients in the 
past. We think these are the patients who need the bypass to the 
pedal arteries and the bypass to the tarsal arteries and these are 
the patiemts who need the plastic surgeon to perform soft-tissue 
transfers, free flaps, etc, to heal the gangrenous lesions. So it’s 
a bad group, but by no means do we abandon attempts to sal- 
vage them limbs. 
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Hepatic Vein and Retrohepatic Vena Caval 
Injuries in Children 


Sternotomy First? 


Steven L. Moulton, MD; Frank P. Lynch, MD; Timothy G. Canty, WAD; David L. Collins, MD; David B. Hoyt, MD 


è Major hepatic vein and retrohepatic vena caval injuries 
are often fatal because of massive uncontrollable hemor- 
rhage. Children with these injuries can be identified by their 
unique and dramatic clinical presentation and the selective 
use of computed tomographic imaging. Volume resuscita- 
tion promotes abdominal wall tamponade and hemody- 
namic stability until the abdomen is opened, at which point 
there may be sudden exsanguination before vascular con- 
trol can be obtained. An alternative approach is to open the 
sternum before opening the abdomen. Management in this 
sequence provides rapid vascular control and improves the 
efficiency of hepatic exclusion. To date, five children with 
major hepatic vascular injuries have been treated with the 
sternotomy-first approach and four have survived; an 
atriocaval shunt was used on two occasions. Although ster- 
notomy before laparotomy improves the efficiency of 
hepatic exclusion and may offer improved survival, accu- 
rate preoperative case selection limits its routine use. 
(Arch Surg. 1991;126:1262-1266) 


most formidable hepatic injuries in children and 

adults are associated with a major hepatic vein or ret- 
rohepatic vena caval laceration. Repair of these injuries is 
often impeded by precipitous exsanguination and diffi- 
culty gaining adequate exposure. If the injury cannot be 
repaired directly, the incision is extended into a median 
sternotomy to allow placement of an atriocaval shunt. This 
time-consuming and often late maneuver is accompanied 
by continued blood loss from the liver injury, which can 
lead to hypothermia, hemodynamic instability, cardiac ar- 
rhythmia, and death. This scenario in seven patients with 
only one survivor led to reevaluation and modification of 
our approach to these injuries. 

Since the most critical determinant of survival is rapid 
control of the hemorrhage, we reasoned that opening the 
sternum before opening the abdomen would increase the 
efficiency of vascular isolation and hepatic exclusion. 
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Successful application of this approach would depend, 
however, on accurate preoperative identification of these 
injuries. 

Children with major hepatic vein and retrohepatic vena 
caval iniuries can appear to be in stable condition for a 
variable period. Many present with a history of hemody- 
namic instability that has responded to fluid resuscitation. 
Occasionally, these patients may undergo abdominal 
computed tomography (CT) that demonstrates a massive 
liver injury in the vicinity of the retrohepatic vena cava. 
Others may present with hypovolemic shock. Inevitably, 
there is an episode of sudden deterioration with profound 
hypotension and rapid abdominal distention. 

Experience with these injuries convinced us that many 
can be recognized before operation. We therefore em- 
barked on a sternotomy-first protocol with the expecta- 
tion that 2arly diagnosis and rapid vascular control would 
improve overall survival. The following is an overview of 
our results, comparing laparotomy-first and sternotomy- 
first approaches to these injuries. 


MATERIALS AND METHODS 


The San Diego County (California) Regionalized Trauma Sys- 
tem was established in 1984. Within 6 years 106 potential survi- 
vors (ages 1 to 14 years) with liver injuries were identified. Mid- 
way through the study period, beginning in 1987, a sternotomy- 
first protocol for major hepatic vascular injuries was initiated at 
our regional pediatric trauma center. The decision to perform a 
median sternotomy before laparotomy was made by a pediatric 
trauma surgeon when there was sufficient clinical or radio- 
graphic evidence to suggest an underlying major hepatic vein or 
retrohepatic vena caval laceration. The sternotomy-first tech- 
nique is described below. 

The child is volume resuscitated and his or her condition is 
stabilized on the operating table. A median sternotomy is per- 
formed, a purse-string suture is placed in the right atrial 
appendage. and the intrapericardial inferior vena cava is loosely 
encircled with a Rumel tourniquet (Fig 1). An appropriately sized 
atriocaval shunt is prepared and connected to a rapid infusion 
device. 

The abdamen is opened, evacuated, and quickly explored. 
Profuse hemorrhage from the posterior aspect of the right 
hepatic lobe, the lesser sac, the suprahepatic region, or deep 
within the l:ver substance despite hepatoduodenal ligament oc- 
clusion indicates a probable hepatic vein or retrohepatic vena 
caval injury ' If the injury is not easily exposed and amenable to 
direct repair, an atriocaval shunt is quickly passed via the right 
atrial appendage down the inferior vena cava to isolate and ex- 
clude the liver (Fig 2). 

Laceratiors of the retrohepatic vena cava or major hepatic 
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Fig 1.—A purse-string suture is placed in the right atrial appendage, 
and the intrapericardial inferior vena cava is loosely encircled with 
a Rumel tourniquet prior to opening the abdomen. 


veins are repaired in æcontrolled fashion. Periodic release of the 
hepatoduodenal ligament alleviates venous stasis in the viscera. 
Following repair, the hepatoduodenal ligament is released and 
the Rumel tourniquets are loosened. The liver is inspected before 
closing, the atriocaval shunt is removed, and the sternum and 
abdomen are closed. 


RESULTS 


During the study period, 69 (65%) of the 106 children 
were treated without operation; laparotomy was per- 
formed in seven patients due to penetrating abdominal 
trauma and in 30 patients due to blunt trauma (Fig 3). Of 
these 30 patients, nine required laparotomy due to asso- 
ciated injuries. Twenty-one patients underwent opera- 
tion due to blunt liver trauma; nine (43%) had docu- 
mented evidence of a major hepatic vein or retrohepatic 
vena caval injury. Seven (78%) of these nine patients un- 
derwent laparotomy first. The other two patients under- 
went sternotomy first. as did three other patients with 
major hepatic parenchymal injuries. These latter 12 pa- 
tients form the basis of this report. 

Table 1 summarizes the clinical features of the 
laparotomy-first and sternotomy-first groups. The six 
boys and six girls ranged in age from 1 to 13 years, with 
a mean age of 5.5 years. All had suffered blunt abdomi- 
nal trauma; nine were pedestrians struck by motor vehi- 
cles, two were passengers ejected from motor vehicles, 
and one was crushed by a cinder-block wall. Ten (83%) of 
the 12 patients were treated at our regional pediatric 
trauma center by either of two surgical teams; the other 
two patients (patients 1 and 11) were treated at adult 
trauma centers. Champion Trauma Scores? were similar in 
both groups. Base deficit values were comparable, with 
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Fig 2.—An atriocaval shunt has been passed down the inferior vena 
cava via the right atrial appendage. The liver is isolated by tighten- 
ing the Rumel tourniquets around the atriocaval shunt and occlud- 
ing the hepatoduodenal ligament. 
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Fig 3.—Results of treatment of 106 patients. 


the exception of patient 11 in group 1 who had a 
prolonged transport time. 

The five patients who underwent sternotomy first were 
suspected of having major hepatic vascular injuries based 
on their mechanism of injury and early clinical course. One 
patient (patient 9) was in hemodynamically unstable con- 
dition with tire marks over the right side of the abdomen. 
Another patient (patient 10) required cardiopulmonary re- 
suscitation following ejection from a motor vehicle; his ab- 
domen was markedly distended on arrival at the trauma 
center. The three remaining patients who underwent ster- 
notomy first underwent early CT scanning; two patients 
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Table 1.—Clinical Features of Patients* 


Champion Trauma Score 


Patient No/ 


Age, y/Sex Mechanism Total 










Laparotomy first 


1/5/M Ped vs auto 5 1 
2/4/M Ped vs auto 7 2 
3/6/F Ped vs auto 4 1 
4/7/M Ped vs auto 4 0 
5/5/M Blunt trauma 13 2 
6/13/F Ped vs auto 13 4 
11/12/F MVA ejection 7 1 
Sternotomy first 
7/3/F Ped vs auto 10 2 
8/4/M Ped vs auto 14 2 
9/1/F Ped vs auto 5 2 
10/3/M MVA ejection 2 0 
12/2/F Ped vs auto 11 3 


puua 
Base 


Respiratory 







Preoperative 


Deficitt GT PRBCs, mL/kg 






4 3 N/A = 28 
4 13 -5 — 50 
2 3 =17 = 25 
0 3 -9 + 14 
4 15 -3 — 18 
4 15 {1 _ 9 
3 3 ~24 a oł 
4 14 —10 + 76 
4 14 = + 18 
2 9 -47 — Ot 
0 3 -6 - 33 
2 15 -3 + 92 


*SBP indicates systolic blood pressure; GCS, Glasgow Coma Score; CT, computed tomography; PRBCs, packed red blood cells; ped 
vs auto, pedestrian vs automobile; N/A not available; minus sign, not performed; plus sign, performed; and MVA, motor vehicle accident. 


+From first arterial blood gas measurement. 
+Operating room resuscitation. 


(patients 7 and 8) were in hemodynamically stable condi- 
tion on admission; the other patient (patient 12) had a 
prompt response to initial fluid resuscitation, but his con- 
dition later deteriorated. Computed tomographic scan 
findings included severe parenchymal disruption in the 
vicinity of the retrohepatic vena cava, with large amounts 
of intraperitoneal blood extending into the pelvis. 

Operative findings, procedures, intraoperative high- 
lights, and outcome are listed in Table 2. Five patients 
who underwent laparotomy first exsanguinated in the 
operating room despite the use of an atriocaval shunt in 
four of the patients. The two remaining patients who un- 
derwent laparotomy first had successful repair; in one of 
these patients an atriocaval shunt was used. Two (40%) of 
five patients who underwent sternotomy first were 
treated with an atriocaval shunt; one patient (patient 7) 
had a severe, stellate laceration of the posterior segment 
of the right hepatic lobe requiring ligation of the right he- 
patic vein; the other patient (patient 12) had complete 
avulsion of the left hepatic lobe from the inferior vena cava 
and portal structures. One patient (patient 8) with avul- 
sion of multiple small-to-moderate-sized hepatic veins 
from the inferior vena cava underwent direct repair. The 
two remaining patients who underwent sternotomy first 
had severe parenchymal injuries and were treated with- 
out the use of a shunt. 

Two early survivors, one from the laparotomy-first 
group (patient 4) and one from the sternotomy-first group 
(patient 10) had life support withdrawn in the early post- 
operative period due to severe head injuries. Overall, one 
(14%) of seven patients in the laparotomy-first group sur- 
vived compared with four (80%) of five patients who un- 
derwent sternotomy first. 

Postoperative complications occurred in all five long- 
term survivors. The patient who underwent laparotomy 
first and survived (patient 2) required reoperation 1 week 
after the initial injury for removal of a short segment of 
necrotic small bowel. Two patients who underwent ster- 
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notomy first (patients 7 and 12) developed pulmonary at- 
electasis, and two patients (patients 7 and 8) had right 
pleural effusions. One patient who underwent sternot- 
omy first (patient 9) developed a postpericardiotomy 
syndrome that responded to treatment with aspirin and 
a short course of steroids. 


COMMENT 


Although a long midline abdominal incision is the 
quickest approach to expose a severe hepatic injury, it 
does not afford optimal control of the hepatic vasculature 
in the event that massive hemorrhage is encountered. 
This problem was addressed by Buckberg et al? in 1967 
when they introduced the concept of an intracaval shunt 
for the management of severe hepatic injuries. Vascular 
isolation of the liver was achieved by clamping the hepa- 
toduodenal ligament and passing a chest tube through the 
suprarenal vena cava to the level of the right atrium. The 
vena cava was occluded about the chest tube using encir- 
cling tapes above and below the liver so that all venous 
return from the lower half of the body passed through the 
shunt. 

Schrock et alt modified this technique by using a thora- 
coabdominal approach to insert the atriocaval shunt via 
the right atrial appendage. Fullen et al further improved 
the technique by extending the laparotomy incision into 
a median sternotomy, thereby allowing better access to 
the heart, liver, and vena cava.° Several different intra- 
caval shunts as well as a number of important innovations 
have since been developed for use in the management of 
major hepatic vein and retrohepatic vena caval injuries”; 
however, many of these devices are not currently avail- 
able in pediatric sizes. 

Patients with major hepatic vein and retrohepatic vena 
caval injuries who exsanguinate into the peritoneal cavity 
develop a tense, distended abdomen during volume 
resuscitation. The increased intra-abdominal pressure in 
these patients appears to slow further bleeding by tam- 
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Vascular 
Injury 


Patient No./ 


Age, y/Sex ACS 





NSR 
NSR 


7/3/F PD + 

8/4/M 

9/1/F PD = NSR 

10/3/M PD - NSR 
12/2/F HV/PV/RVC + CL 

*ACS indicates atriocaval shunt; EBL, estimated blood loss; 





Table 2.—Operative Features and Outcome* 


Procedure 






Laparotomy first 

1/5/M HV/RVC + Exsanguinated 

2/4/M HV/SHVC + CL 

3/6/F RVC/PV + CL 

4/7/M RVC s NSR 

5/5/M HV/RVC $ Exsanguinated 

6/13/F RVC/HV + CL 

11/12/F RVC a co 

Sternotomy first 





























EBL, 
mL/kg ISS 

247 57 0366 D 
600 50 -1520 25 S 

283 66 .0115 D 
166 59 0191 D 
119 42 8784 D 
144 42 .8784 D 
136 66 0521 D 







7999 15 
.9184 15 
1031 15 







0 NN YD 








Un 


-1829 10 





ISS, Abbreviated Injury Severity Score; P,, probability of survival; LOS, length 


of stay; D, died; S, survived; HV, major hepatic vein; RVC, retrohepatic vena cava; plus sign, yes; minus sign, no; SHVC, suprahepatic 
vena cava; CL, completion lobectomy; PV, portal vein: NSR, nonsegmental resection; and PD, parenchymal disruption. 


ponading the vascular injury." This stabilizing effect is 
quickly reversed when the abdomen is opened and lacer- 
ated intra-abdominal vessels reopen, causing massive 
hemorrhage, irreversible shock, and cardiac arrest. 

In an attempt to circumvent this series of events, it has 
been suggested that a preliminary left anterolateral tho- 
racotomy for thoracic aortic control be performed in hy- 
potensive adult patients prior to the release of abdominal 
wall tamponade." Although this maneuver has not 
gained favor, it introduces the concept of proximal 
vascular control prior to laparotomy and emphasizes the 
need to prepare for acute, massive blood loss. Increased 
readiness, improved exposure, and complete vascular 
isolation underlie the concepts behind the sternotomy- 
first approach to the management of major hepatic 
vascular injuries in children. 

Essential to performing a median sternotomy first is the 
accurate identification of patients with major vascular in- 
juries. Our findings indicate that children struck by mo- 
tor vehicles are at greatest risk. This mechanism of injury 
accounted for 78% of cases of patients with documented 


- Major hepatic vein or retrohepatic vena caval injuries. 


Systolic blood pressure was nota uniformly reliable in- 
dicator of major hepatic vascular injury. Six (50%) of the 
12 patients had a systolic blood pressure greater than or 
equal to 90 mm Hg on arrival at the trauma center; how- 
ever, review of transport records disclosed that three of 
these patients (patients 2, 6, and 7) were hypotensive in 
the field. Coln et al? made a similar observation, noting 
that children with this type of vascular injury can appear 
to be in stable condtion during their early hospital course. 
Two of our patients (patients 5 and 6) experienced 
sudden, rapid deterioration more than 1 hour after arrival 
at the trauma center. When acute hypotension super- 
venes in the setting of blunt abdominal trauma and obvi- 
ous abdominal distention, a major hepatic vascular injury 
must be considered likely. 

The growing acceptance of nonoperative management 
for most pediatric liver injuries led to early CT scanning 
in four patients. All had tadiographic evidence of a severe 
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liver injury in the vicinity of the retrohepatic vena cava, 
with a large amount of free fluid extending into the pel- 
vis. This combination of findings in the absence of other 
significant solid organ injury suggested hepatic vein or 
retrohepatic vena caval injury. The greater role of CT 
scanning in the patients undergoing sternotomy first is 
partly attributed to improved monitoring during CT 
scanning and the growing acceptance of nonoperative 
therapy in recent years. 

Our results with the sternotomy-first technique dem- 
onstrate that only two (40%) of the five patients had a 
shunt placed. We remain convinced, however, that im- 
proved clinical recognition of major hepatic vein and ret- 
rohepatic vena caval injuries will refine specific circum- 
stances under which the sternotomy-first technique will 
be worthwhile. Ultimately, the sternotomy-first tech- 
nique should be subjected to a multicenter trial in a tightly 
defined subpopulation of pediatric trauma patients. 


This study was supported in part by the Division of Trauma, Chil- 
dren’s Hospital, San Diego, Calif. 

We thank Dale Fortlage, Kevin Smith, and Louann Kitchen for 
data input and retrieval. 
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Discussion 


F. WILLIAM BLAISDELL, MD, Sacramento, Calif: I don’t neces- 
sarily buy that opening the chest first is important, but I do agree 
thata shunt, ifitis to be used, must be used promptly. The reason 
for this is the fact that massive hemorrhage is usually precipitated 
by the institution of anesthesia, intubation, and mechanical ven- 
tilation. This changes intrathoracic pressure from negative to pos- 
itive and this, probably more than opening the abdomen, pre- 
cipitates brisk hemorrhage from intra-abdominal venous inju- 
ries. As a matter of fact, sudden deterioration of a patient during 
anesthesia induction who has evidence of abdominal injury is 
usually a manifestation of a major venous injury. 

Once the abdomen is opened, most venous injuries can be 
controlled by pack, at least temporarily. For that reason, I believe 
opening the abdomen is the appropriate initial maneuver. This 
permits identification of the source of hemorrhage and more 
rapid control of massive ongoing bleeding. I do believe, and do 
concur with the authors, that preparation should be made in ad- 
vance for vascular isolation of the liver, including selection of 
appropriately sized shunts. This includes availability of devices 
to connect into that shunt so that rapid infusion of fluid can be 
carried out in parallel, and, of course, the availability of the in- 
struments to permit immediate opening of the chest. If this is 
done, it’s six of one and half a dozen of the other. If you open 
the chest first I believe that bleeding will go on in the abdomen 
and you will open some chests unnecessarily, and this will more 
or less balance off any theoretical advantage gained by prompt 
placement of the shunt. 

The application of packs will control most venous bleeding, 
even complex liver injuries. The problem always is that when 
shunts are used in most instances it’s a desperation maneuver. 
The patient has been exsanguinated by repeated attempts to ex- 
pose the injury. Then finally the decision is made to place the 
shunt. Under these circumstances the results will be uniformly 
unsuccessful. The good results reported in the literature are from 
those institutions at which there is prompt identification of the 
problem and rapid application of the shunt. 

There are a few technical points about the application of the 
shunt that I think are worth emphasizing. First, the transthoracic 
route has a double advantage; it permits better exposure of these 
complex liver injuries, and second, it’s much easier to cannulate 
the vena cava from above than below. When you cannulate from 
below you have to temporarily occlude the vena cava. This can 
be done under elective circumstances, as our transplant surgeons 
have proved. However, in circumstances of shock and massive 
hemorrhage, temporary occlusion of the vena cava is usually as- 
sociated with cardiac arrest as what little volume of blood remains 
in the vascular system is trapped in the occluded cava. 

Another aspect of the technique is to be sure you have a curved 
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shunt so that the shunt can be guided and the tip directed pos- 
terolaterally. This avoids the shunt going into the heart, coro- 
nary vein, or right hepatic vein. When the shunt is aimed pos- 
terolaterally, it will slide easily down to an appropriate location. 

Finally, Í believe that the atrial side hole for the shunt is best 
cut after the shunt has been placed. The reason for this is that 
if you have to manipulate the shunt after you place the side holes 
and pass the side holes into the atrium, you sometimes lose track 
of where those side holes are. On the other hand, once the shunt 
is appropriately placed with the tip palpable in the infravenal 
cava, it zan be cross-clamped just outside the atrium and the side 
hole cut and advanced into the atrium. You then know where it's 
located and that the shunt has been adequately placed. The clear 
message in this report is that more than any other factor, it is 
important to make an early decision to use the shunt if one is 
going te be successful in managing these complex liver injuries. 

JONATHAN R. HIATT, MD, Los Angeles, Calif: If you do enough 
trauma surgery, you will occasionally save a patient with a ret- 
rohepatic venous injury, and, in my opinion, it will occur as of- 
ten without the shunt as with it, since the ones you fix are those 
who haren’t bled to death before operation. This pediatric series 
emphas:zes that, since there were patients in the series who 
were sufficiently stable to be diagnosed by CT scan. Most adults 
with these injuries are hypotensive in the emergency depart- 
ment and require immediate exploration. 

I have several suggestions for ways in which trauma surgeons 
may be exposed to techniques for rapid mobilization of the liver 
that are essential for exposure of these injuries. The time to learn 
these maneuvers, including shunt placement, is not in the op- 
erating room with a bleeding patient. First, if you are fortunate 
enough to have a liver transplant program in your institution or 
nearby, the residents should observe the recipient hepatectomy 
and learn techniques for total mobilization of the liver. Second, 
another useful approach is to emphasize these techniques in ad- 
vanced trauma life support during the surgical skills practicum. 

MARSEALL Z. SCHWARTZ, MD, Sacramento, Calif: If you look 
at the data from this retrospective review you see that four of five 
patients survived who had a sternotomy, but only two of them 
were shunted. You could then conclude that sternotomy alone 
(ie, witheut shunting) improved survival. That conclusion obvi- 
ously does not make much sense. Therefore, I believe that we 
should explore the abdomen first. If a shunt is needed we should 
be familicr with the technique so that it can be done rapidly. This 
approach will likely lead to the best outcome. 

ALEREL A. DELORIMIER, MD, San Francisco, Calif: The expla- 
nation that institution of positive pressure ventilation contrib- 
utes to bleeding from the veins draining the liver seems valid. 
Therefore, sternotomy is an important method of minimizing 
intra-abdominal venous bleeding by eliminating the positive in- 
trathoracic pressure. The sternotomy approach to managing 
major hepatic vein and retrohepatic vena cava injury deserves 
more clinical trials by trauma surgeons. 

DR CANTY: Many of the discussants have highlighted the 
unique difference between children and adults in these injuries. 
An injury in which the hepatic veins are literally torn from the 
cava is a mortal injury. The number of patients you can salvage 
with this injury is extremely low. Uniquely, children with this 
injury can be stabilized prior to surgery, unlike adults, who will 
continue to bleed. With rapid and massive blood transfusion, 
tamponade will occur in the child such that they can be quite 
stable even though their cavas are severely torn. 

With the ability to achieve that stabilization, we can then do 
a sternotcmy and prepare an atriocaval shunt in an orderly 
fashion, rather than as a desperation maneuver in the face of 
continued massive hemorrhage. It is for this injury specifically 
that this technique is advocated. In three of our five patients the 
shunt was not used after the sternotomy was performed. There 
are certainly going to be cases in which the sternum is opened 
first and the shunt will not be necessary. However, we believe 
that the increased exposure provided by this incision for massive 
parenchymal liver injuries and the ability to deal with this lethal 
injury in a more expeditious fashion justifies the approach. 
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Wound Healing After Anorectal Surgery in Human 
Immunodeficiency Virus—Infected Patients 


Edmund C. Burke, MD; Susan L. Orloff, MD; Christopher E. Freise, MD; 
James R. Macho, MD; William P. Schecter, MD 


è Medical records ef 52 human immunodeficiency virus 
(HIV)-infected patients who underwent a total of 80 an- 
orectal operations from January 1985 to January 1990 were 
retrospectively reviewed to determined whether anorectal 
surgical wounds healed in HIV-infected patients and the 
mean survival time ef these patients after surgery. Twenty- 
four operations were performed in asymptomatic HIV- 
infected patients, 19 in HIV-infected patients with persis- 
tent lymphadenopathy, and 37 in patients with acquired 
immunodeficiency syndrome. Wounds healed in 49 patients 
(94%). The mortality rate 30 days after surgery was 2%. 
There were no major complications. The mean survival time 
of HIV-infected patients after surgery was 15 months. We 
conclude that anorectal surgical wounds heal in most HIV- 
infected patients and that the survival time after surgery of 
HIV-infected patierts with anorectal disease justifies ap- 
propriate surgical treatment. 
(Arch Surg. 1991:126:1267-1271) 


T" Centers for Disease Control (CDC) estimates that 
1.5 million Americans are infected with the human 
immunodeficiency virus (HIV) and that more than 
130 000 Americanshave acquired immunodeficiency syn- 
drome (AIDS).' The progression from asymptomatic HIV 
infection to AIDS may take many years; only 30% of HIV- 
infected patients develop AIDS 3 to 5 years after infec- 
tion.* With the advent of new antiretroviral drugs, pro- 
gression of asymptomatic HIV infection to symptomatic 
disease may be further delayed.’ Earlier recognition and 
treatment of opporcuristic infection have led to improved 
survival in patients with AIDS.‘ 

Of all homosexual cr bisexual HIV-infected men, 6% to 
34% have anorectal disease. Of these, 50% to 85% require 
surgical intervention.** Surgeons must know the effect of 
HIV infection on anorectal wound healing to properly 
treat these patients. We retrospectively reviewed the 
medical records of HIV-infected patients who underwent 
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anorectal surgery at two hospitals in San Francisco, Calif, 
to determine whether anorectal surgical wounds heal in 
HIV-infected patients and the mean survival time of these 
patients after surgery. 


MATERIALS AND METHODS 


Medical records were screened and charts reviewed for all 
patients who underwent anorectal surgery at San Francisco 
General Hospital (SFGH) between January 1988 and January 
1990 and at the Ralph K. Davies Medical Center (DMC), San 
Francisco, Calif, between January 1985 and January 1990. All 
HIV-infected patients were included in the review. We re- 
viewed patient data from SFGH beginning in January 1988 
because HIV test results were rarely recorded in the medical 
records before 1988. Data were coded for age, sex, diagnosis, 
HIV risk factors, stage of HIV infection, preoperative labora- 
tory values, surgical complications, wound healing, and sur- 
vival. The stage of HIV infection was recorded according to 
CDC classification criteria’ (Table 1). 

Data from patients who had multiple synchronous operations 
were tabulated separately for each procedure. Operations were 
classified as elective or emergency procedures. All emergency 
procedures were performed for incision and drainage of perirec- 
tal abscesses. If a fistulotomy was performed during drainage of 
a perirectal abscess, it was also considered an emergency proce- 
dure. All other procedures were considered elective. Three pa- 
tients without HIV test results recorded in their charts but who 
developed clinical evidence of AIDS-related complex or AIDS 
within 6 months of surgery were classified as HIV positive at 
surgery. 

The registry at the San Francisco Department of Public Health 
was reviewed to identify patients with AIDS who had under- 
gone surgery but had died without returning to SFGH or DMC. 
The last follow-up was July 1, 1990. Statistical analysis was per- 
formed using Student's t test. 


RESULTS 


A total of 60 HIV-infected patients underwent anorec- 
tal surgery. Fifty-two received postoperative follow-up 
until completion of wound healing or death (32 patients 
from SFGH and 20 patients from DMC). Eight patients did 
not receive complete follow-up. Five of these patients 
underwent surgery at SFGH; three of the five were CDC 
group II patients who underwent excision of anal condy- 
lomata. All three returned for their first postoperative 
visits and had healing wounds. They did not return for 
additional follow-up. The other two had AIDS. In one 
patient, a biopsy sample of an anorectal lesion was 
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Table 1.—CDC Classification of HIV Infection* 











Group | Acute infection 
Group I! Infection without symptomst 
Group III Persistent generalized lymphadenopathyt 
Group IV Other disease 
Subgroup A Constitutional disease 
Subgroup B Neurologic disease 
Subgroup C Secondary infectious diseases 
Category C-1 Specified secondary infectious 
diseases listed in the CDC 
surveillance definition of AIDSt 
Category C-2 Other specified secondary infectious 
diseases 
Subgroup D Secondary cancerst 


Subgroup E Other conditions 





*Adapted from the Centers for Disease Control (CDC) classifica- 
tion system. HIV indicates human immunodeficiency virus; and 
AIDS, acquired immunodeficiency syndrome. 

tPatients in groups II and III may be subclassified based on re- 
sults of laboratory tests. 

+includes patients whose clinical presentation fulfills the defini- 
tion of AIDS used by the CDC for national reporting. 


Table 2.—Age, Risk, and Number of Patients by Stage 


No. of 
Patients 





Stage Age, y* Risk Factorst 











Group II 15 32+5 11H,11,3M 
Group III 11 33 +4 8H,3M 
Group IV 26 42+7tt Zvi; t i 


IV c-1 
IV d 


*Values are means + SEs. 

tH indicates homosexual; |, intravenous drug abuser; and M, 
multiple risk factors. 

tAge of patients with acquired immunodeficiency syndrome 
(AIDS) was significantly greater than age of both human immuno- 
deficiency virus—positive patients and patients with AIDS-related 
complex (P<.001). 


removed; pathologic examination of the specimen re- 
vealed lymphoma, from which he died 2 months later. No 
reference was made in his chart to the anorectal wound. 
The second AIDS patient underwent incision and drain- 
age of a perirectal abscess. The chart entry from the first 
postoperative visit documented a clean wound, but the 
patient did not return for subsequent examination. He 
was alive 1 year later, but we were unable to contact him 
for follow-up examination of the surgical wound. There 
was no mention of wound problems or complications in 
the chart. The charts of three patients at DMC did not 
verify wound status after surgery. All had undergone in- 
cision and drainage of perirectal abscesses. Two of these 
patients died of AIDS-related complications without men- 
tion of wound complications or healing in their charts. 
The third patient died 1 year after surgery, but his post- 
operative records were unavailable. 

Fifty-two HIV-infected patients were available for anal- 
ysis (Table 2). Fifteen HIV-infected patients were asymp- 
tomatic and, therefore, in CDC group II. Thirty-seven 
patients had symptomatic HIV infection; 11 were classi- 
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Table 3.—Operations Performed* 


No. of 
Operations Performed 











Operation 





Excision of AC 23 
Fistulotomy 18 
Sphincterotomy 


Hemorrhoidectomy 

Miscellaneous 

Incision and drainage of abscess 25 
Total 


*AC indicates anal condyloma. Miscellaneous operations in- 
cluded two wide excisions of squamous cell carcinoma, one exci- 
sion of a necrotic ulcer, and one procedure to remove tissue for 
biopsy. 


fied in CDC group III and 26 in CDC group IV (15 in group 
IV c-1 and 11 in group IV d). The risk factors for HIV in- 
fection were similar among all groups. Ninety-six percent 
of patients were homosexual or bisexual. The group IV 
patients were significantly older than both group II or 
group IlI patients (P<.001). There was no difference in 
mean age between group II and group III patients. All 
patients were men. 

Forty-three (54%) of the 80 operations involved anorec- 
tal sepsis. Of these, 19 involved perirectal abscess alone; 
six, abscess and fistula; and 12, fistula alone (Table 3). 
Twenty-three operations (29%) involved excision of anal 
condylomata. Three excisions of anal condylomata, 10 
fistulotomies, four sphincterotomies, two hemorrhoidec- 
tomies, 16 incision and drainage procedures, and two 
miscellaneous procedures were performed in group IV 
patients, constituting 46% of all surgeries performed. The 
two miscellaneous procedures were excision of a necrotic 
ulcer and biopsy of an anal mass (Table 3). 

The patients who underwent surgery were generally 
active despite underlying HIV infection. All but one were 
outpatients before admission for elective or emergency 
anorectal procedures. None of the group IV c-1 patients 
had known systemic infections at surgery. Of the patients 
in group IV d, three were undergoing chemotherapy at 
admissicn. Two patients (one with visceral Kaposi's sar- 
coma and one with lymphoma) underwent incision and 
drainage of perirectal abscesses; chemotherapy was tem- 
porarily discontinued after surgery, and both patients 
healed slowly but without incident. The third patient died 
of lymphoma. Patients who underwent elective surgery 
were discharged from the hospital either on the day of 
surgery or the next day. Patients who underwent emer- 
gency surgery had a mean hospital stay of 3 days. Forty- 
nine anorectal operations were elective and 31 were 
emergency operations. 

Table 4 shows the preoperative laboratory profile of 
patients whose wounds healed. In the elective surgery 
group, the mean preoperative serum albumin concentra- 
tion, hematocrit, white blood cell count, and absolute 
lymphocyte count were normal. The lowest albumin con- 
centration recorded in the elective surgery patients was 
30 g/L (normal range, 33 to 52 g/L). There was no signif- 
icant difference in mean preoperative albumin concentra- 
tion, hematocrit, or white blood cell count between the 
elective and emergency surgery groups. However, the 
absolute lymphocyte count was significantly lower 
(P<.01) in the emergency surgery group than in the elec- 
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40 +5 (30-47) 0.39+0.06 (0.28-0.50) 










38+5 (26-45) 0.36+0.06 (0.25-0.44) 


: Table 4.—Laboratory Values of Patients With Healed Wounds* 
Serum Albumin Concentration, g/L Hematocrit White Blood Cell Count, x10°/L_ Absolute Lymphocyte Count, x10°/L 


Patients Who Underwent Elective Surgery (n= 48) 


Patients who Underwent Emergency Surgery (n= 29) 






3.4+2.2 (1.9-10.3) 1.5+.8 (0.3-3.3) 


5.9 +3.8 (1.3-13.9) 0.9+ .6 (0.14-2.2) 











“Values are means +SEs (range). The range of normal values is as follows: serum albumin concentration, 33 to 52g/L; hematocrit, 0.39 
to 0.52; white blood cell count, 3.9x10°/L to 11.7x10°/L; absolute lymphocyte count (ALC), 1.1x10°/L to 4.6x10°/L. ALC was significantly lower 
in patients who underwent emergency surgery compared with patients who underwent elective surgery (P<.01). 


Table 5.—Mean Time Required for Complete Wound 
Healing* 





Patients Who Patients Who 
Underwent Underwent 
Elective Surgery Emergency Surgery 
Stage (n=42), wk (n= 28), wk 









Groups II and Ill 7+6 7+4 
Group IV 






*Values are means= SEs. 


tive surgery group. Ratios of CD4* to CD8* were not 
measured in these patients before surgery. 

Anorectal surgical wounds in 49 (94%) of 52 patients 
healed. Group IV patients healed more slowly than group 
II or group II patients after both elective and emergency 
surgery, although this difference did not reach statistical 
significance (P<.0% Table 5). Mean healing time was less 
than 2 months owing group II and group III patients 
regardless of whether elective or emergency surgery was 
performed. The amount of time required for surgical 
wounds to heal was not recorded for four patients who un- 
derwent seven operations because healing was determined 
by either the patient or the patient's private physician and 
reported to us via telephone without a clear statement of 
healing time. For 1@ group II or group III patients, who un- 
derwent a total of 12 operations, wound healing was well 
documented. The average healing time in this subgroup of 
patients was 2 weexs, which was significantly shorter than 
the healing time in group IV patients who underwent elec- 
tive or emergency surgery (12 and 13 weeks, respectively; 
P<.005). The remaining group II and group III patients were 
followed up less frequently, making determination of the 
overall healing time less precise. 

Three patients’ wounds did not heal (Table 6). Two 
had perirectal abscesses. Patient 1 underwent fistulot- 
omy and incision and drainage of the abscess. He re- 
turned to the proctology clinic 1 week after surgery 
with a clean granulating wound and improvement of 
symptoms. He died of respiratory failure resulting 
from Pneumocystis carinii pneumonia 5 weeks after sur- 
gery (he had elected not to undergo intubation). No 
wound complications were reported in the chart, and 
the wound remained clean. Patient 2 underwent inci- 
sion and drainage of the abscess as an inpatient while 
undergoing chemotherapy for treatment of lymphoma. 
He died 10 days after surgery of recurrent lymphoma. 
His wound was clean at death. Patient 3 underwent 
excision of a large necrotic ulcer. Results of pathologic 
examination revealed lymphoma. He underwent che- 
motherapy and local radiation, but the excision wound 
did not heal. The malignant ulcer remained unhealed 
7 months later, when the patient died. 
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No postoperative complications were reported. One- 
patient died within 30 days after surgery, producing a 
mortality rate of 2%. The survivial time after surgery 
ranged from 2 weeks to 4.5 years, with a mean (+ SE) sur- 
vival time of 15+10 months. 


COMMENT 


Anorectal disease in HIV-infected homosexuals is com- 
mon. Anorectal wounds in 49 (94%) of 52 HIV-infected 
patients in this review healed after surgery. 

Fifty patients (96%) in this study were homosexual or 
bisexual, and only one patient had intravenous drug 
abuse as the sole risk factor for HIV infection. The mean 
age of patients in this study was similar to that reported 
in other studies.°*” Group IV patients were significantly 
older than group II or group III patients, possibly owing 
to longer HIV infection.? 

The patients who underwent surgery in this study were 
a select group. Only records of surgical patients who were 
infected with HIV were reviewed. Some HIV-infected 
patients with anorectal disease may have been judged by 
their primary physicians to be too ill for surgical treat- 
ment, and other HIV-infected patients may have elected 
to receive nonsurgical treatment. Only two patients in the 
study had malignant anorectal disease; the remaining pa- 
tients had uncomplicated anorectal pathologic condi- 
tions. Most were outpatients before surgery and had no 
active systemic opportunistic or neoplastic disease at sur- 
gery. The patients were well nourished, as illustrated by 
the normal mean serum albumin concentrations. The 
mean absolute lymphocyte count was significantly lower 
in the emergency surgery group. Sixty-four percent of 
patients who underwent emergency surgery were group 
IV patients and, therefore, the lower absolute lymphocyte 
count probably indicates more advanced HIV disease. 

We were unable to determine if wound healing was de- 
layed in the HIV-infected patients in this study because of 
the absence of a control group. Furthermore, healing times 
recorded in this study were not precise because of missed 
appointments and long intervals between follow-up clinic 
visits. Although these problems affected all groups, group 
IV patients who underwent emergency surgery seemed to 
be least affected because of closer follow-up by their physi- 
cians. We suspect that group IV patients did, in fact, have 
delayed wound healing, but a prospective controlled trial is 
required to confirm this impression. Also, the uncompli- 
cated surgical procedures performed in these patients prob- 
ably contributed to the low rate of wound complications, but 
we have no data to verify this because no patients required 
extensive perineal dissection. We believe the group II and 
group II patients had relatively normal healing times 
because the patients in these groups who were followed u 
closely healed rapidly (2 weeks after surgery). Of the three 


Wound Healing—Burke et al 1269 





ce I il rr ree r 2 pa oh à 





Stage Diagnosis Age, y 





Risk Factors 


= e 


ALC, x10°/L 


Alb g/L WBC, x10°/L 


*HIV indicates human immunodeficiency virus; Alb, serum albumin concent ation; Hct, hematocrit; WBC, white blood cell count; ALC, 
absolute lymphocyte count; PRA, perirectal abscess; B, bisexual; and H, homosexual. 


patients whose wounds did not heal, two had clean wounds 
but died before wound healing was complete. The third 
underwent local radiation of a malignant ulcer that never 
healed. 

Wexner et alf reported a poor postoperative outcome in 
HIV-infected patients with anorectal disease. Their study 
was performed in the early 1980s, when AIDS was a 
newly discovered disease and treatment of opportunistic 
infection was in its infancy. Our postoperative results 
were better, probably due in part to the improved med- 
ical treatment of HIV disease available in the late 1980s, 
when most of the patients in our study were treated. 
Mean postoperative survival time in our review was 15 
months. More than 50% of patients in Wexner and 
colleagues’ study were dead within 7.4 months after sur- 
gery. The mean postoperative survival time in our study 
was similar to that reported in a recently published arti- 
cle describing a series of HIV-infected patients who 
underwent anorectal surgery in the United Kingdom.’ 

We believe that the risks of anorectal surgery can be es- 
timated based on a routine physical history, physical ex- 
amination, and review of laboratory data. Preoperative 
testing of all patients with risk factors for HIV infection 
(after informed consent has been obtained) is good med- 
ical practice. Patients with uncomplicated anorectal dis- 
ease who are physically active and who have normal se- 
rum albumin concentrations, hematocrit values, and 
white blood cell counts should be considered good surgi- 
cal candidates and undergo the appropriate treatment, 
regardless of HIV status. 


We thank Jan Bossart, MD, and Robert Bush, MD, for contribut- 
ing patient data to this study, and Anthony Vlamis and Douglas 
Franks, MA, for assisting with analysis of survival data. 
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Discussion 


THECDORE R. SCHROCK, MD, San Francisco, Calif: This article 
comes rom two hospitals in San Francisco with large popula- 
tions of patients with HIV infection, and we should pay close at- 
tention to the results. The authors have addressed two ques- 
tions, one pertaining to survival that I will not comment upon. 
The otter question relates to healing of anorectal wounds in 
HIV-infected patients. I am not sure what is meant by healing of 
an abscess incision and drainage site. Does that mean with fis- 
tula formation or without fistula formation? 

The question is complex because patients with HIV infection are 
a hetercgeneous group that the authors have categorized accord- 
ing to CDC criteria. But I would also suggest that anorectal diseases 
are hete-ogeneous. The article refers to anorectal surgery as though 
it were some homogeneous entity. In fact, there are all sorts of an- 
orectal sargery for all sorts of problems. An answer to the question, 
therefore, is not possible unless the anorectal problems are broken 
down. The authors are aware of the difficulties with this retrospec- 
tive stucy. Patients were included only if there was mention of HIV 
positivity in the chart. The authors’ plans for a prospective study 
certainly are warranted. 

But it does appear that anorectal wounds heal quite well in 
generally healthy, ambulatory, well-nourished patients who 
happen -o be HIV positive. Healing was delayed in three patients 
with greup IV infection. Many of these anorectal operations 
were mmor operations; 23 were excisions of condylomata, 25 
were indsion and drainage of abscesses, and one was a biopsy. 
I think taat we would all expect good results with simple proce- 
dures in generally healthy patients. Admonitions in the litera- 
ture ageinst doing anything on HIV patients are certainly 
unfounced, and the authors correctly point out the error of 
statements by others in the literature. But I am not so sure that 
these good results should be extrapolated to sicker patients or to 
more exsensive anorectal procedures. I suggest that in addition — 
to stratifying patients by severity of HIV infection, we should 
look at Omplexity and severity of the anorectal lesions. For ex- 
ample, HIV-positive patients who are generally well can un- 
dergo almost any anorectal procedure that would be required for 
HIV-negative people, including fistulotomy, sphincterotomy for 
painful fssure, and probably even hemorrhoidectomy. 

But wken we consider group III and group IV patients, thatis, 
those wih AIDS, they probably can undergo incision and drain- 
age of akscesses, excision of condylomata (if necessary), biopsy 
of anal ulcers, and even fistulotomy for intersphincteric or low 
transsphencteric fistulas if simpler methods such as setons are 
ineffective or unacceptable. 

I would suggest, however, that in group IV patients, hemor- 
thoidectemy is seldom, if ever, necessary or wise. Often, a 
hemorrh>idectomy is planned inappropriately for pain that 
comes from some associated lesion, and one should be very , 
cautious about undertaking hemorrhoidectomy in this situation. | 
The brief outline of management is not very different from that 
suggested for the management of anorectal lesions in patients 
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with Crohn’s disease. There, too, it was said that we cannot do 
anything. That is clearly untrue, but we must be selective. 

THOMAS R. RUSSELL, MD, San Francisco, Calif: Anorectal 
problems are very common in che HIV setting. Unusual or 
difficult-to-treat anorectal problems should alert one to the pos- 
sibility of an HIV-related condition. This article shows that there 
is healing in this group of patierts, but that extensive surgery 
should be avoided if possible, such as a hemorrhoidectomy in a 
group IV HIV condition. I would also caution against hemor- 
thoidal banding in this group of patients. These patients often 
have unusual diseases, and applying usual operations may be 
inappropriate. 

DR SCHECTER: The perirectal abscess wounds all granulated. 
The reason for hemorrhoidectomy in these five patients was se- 
vere pain and persistent bleeding that was not responsive to ap- 
propriate medical therapy over 2 couple of months. There were 
no anorectal ulcers or other pathology in the anal canal that 
would explain the symptoms other than the hemorrhoids. 

Normally, when we plan treatment for any condition, we 
weigh the risks and the benefits of each operation for our 
patients. Now, in the era of HIV infection, we have two new 
weights that have to be placed on this scale. One is the risks to 
the surgeon of acquiring occupational HIV infection from the 


patient. The most recent weight, which is the subject of a front- 
page article in the San Francisco Chronicle this morning, is the risk 
to the patient of acquiring nosocomial HIV infection from the 
surgeon. Approximately half of all operative procedures in HIV- 
infected patients involve anorectal surgery, and if you exclude 
vascular access procedures, the percentage of anorectal opera- 
tions is even higher. Our study specifically looks at the risks of 
these procedures in these patients. 

We believe that we can predict the risk of wound complica- 
tions in HIV-infected patients much as we predict the risk of 
complications in all other patients; that is, by a routine history, 
physical examination, and laboratory data. Reasonably fit, well- 
nourished patients do well after anorectal surgery, and I believe 
that this series demonstrates that point. Perhaps there is a sub- 
group of patients with low CD4* counts and more extensive dis- 
ease who are at increased risk for wound infections, and we are 
attempting to answer that question now. 

It is going to be a very difficult question to answer because we 
did a large number of operations, yet the number of wound 
complications was small. Patients who are HIV positive and have 
anorectal disease that is amenable to surgical treatment both 
benefit from surgery and deserve treatment. This point has not 
been made previously in the literature. 
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While there is now evidence that health-promoting education can be ef- 
fective at reducing transmission of human immunodeficiency virus (HIV) 
infection, little is known of the role of the practicing physician in this pro- 
cess. We have surveyed 301 practicing physicians in Northeastern Ohio 
over a 2-year period and we have assessed their attitudes, beliefs, and 
practices regarding preventive education with particular reference to HIV. 
We have found that while the majority of physicians believe strongly that 
HIV prevention is important and that physicians should play a prominent 
role in education, the incorporation of such measures in their practice lags 
far behind other areas of health prevention. Positive educational behavior 
was correlated with direct experience with HIV-infected patients and 
io S education on HIV infection. (Arch Intern Med. 1991 7151:1157- 
160). 
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Surgical Management of Pneumothorax in Patients With 
Acquired Immunodeficiency Syndrome 
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e Pneumocystis carinii pneumonia in a patient with ac- 
quired immunodeficiency syndrome may Cause severe 
alveolar damage, resulting in pneumothoraces that are of- 
ten bilateral, recurrent, and refractory to accepted methods 
of treatment. The clinical features, management, and 
follow-up results were assessed in 22 consecutive patients 
who presented with a pneumothorax and acquired immu- 
nodeficiency syndrome. Seventeen patients died within the 
time frame of this study. Their average survival time was 147 
days. Five surviving patients have lived an average of 366 
days. We proposed an algorithm to assist in the management 
of pneumothoraces in these patients. We concluded that 
pneumothorax in patients with acquired immunodeficiency 
syndrome is prognostic of short-term survival. The results in 
the treatment of pneumothorax in the patient with acquired 
immunodeficiency syndrome are related to the pathologic 
lesions of the lung that are associated with Pneumocystis 
pneumonia and not to the surgical treatment that is 
employed. 
(Arch Surg. 1991;126:1272-1277) 


he excellent results that are ordinarily obtained in the 
surgical management of pneumothorax cannot be 
duplicated in patients with acquired immunodeficiency 
syndrome (AIDS).' This can be attributed to the fact that 
in patients with AIDS, pneumothorax is usually an indi- 
cation of serious underlying lung disease, ie, either active 
Pneumocystis infection or the pathologic sequelae of pre- 
vious Pneumocystis infection.** Pneumocystis carinii pneu- 
monia (PCP) causes severe alveolar damage, resulting in 
subpleural and emphysematous blebs, apical cysts, pneu- 
matocele, and necrosis of lung parenchyma. All these le- 
sions have the potential to rupture the visceral pleura to 
produce a pneumothorax. The pneumothorax is often bi- 
lateral, recurrent, and refractory to accepted methods of 
treatment.*°” 
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In a previous publication, we reported our initial expe- 
rience in the management of pneumothorax in the patient 
with AIDS.’ This publication reports our total experience 
in the management of these patients and presents an al- 
gorithm for treatment that was based on this experience 
and the pathologic lesions of the lung that were observed 
from specimens that were obtained at thoracotomy. 


PATIENTS AND METHODS 


To characterize the clinical course of therapy and outcome of 
patients with human immunodeficiency virus (HIV) who have 
Pneumocystis pneumonia and pneumothorax, a retrospective 
study was performed. The study population consisted of 811 
HIV-positive patients who were examined by the clinical services 
at St Pa.l’s Hospital, Vancouver, British Columbia, between 
October 1, 1985 and March 31, 1990. Three hundred ninety-four 
patients (48.6%) were treated for Pneumocystis pneumonia. In 
this population, pneumothoraces developed in a total of 22 pa- 
tients. Seven months after the end of the study, their clinical 
records vere reviewed, with specific reference to their infectious 
status wi-h PCP, their clinical course, antibiotic therapy, clinical, 
radiologic, and pathologic findings, and response to therapy. 
Survival and cause of death were identified. 


RESULTS 


Of the 22 patients in whom pneumothoraces devel- 
oped, 21 were male and one was female. The demo- 
graphic data from these patients are shown in the Table. 
They ranged in age from 25 to 52 years. The median and 
average age was 35 years. 

There were 30 primary pneumothoraces in 22 patients; 
14 of the patients had a unilateral pneumothorax, and 
eight of tre patients had synchronous or sequential bilat- 
eral pnecmothoraces. After resolution with initial treat- 
ment, eight patients had one or more recurrent pneu- 
mothoraes, and in one patient, there were six 
recurrences. Of the 14 patients who had a unilateral 
pneumothorax, in one, resolution occurred with antibi- 
otic therapy alone. The other 13 patients were treated with 
tube thorecostomy and appropriate antibiotics. The treat- 
ment was successful in resolving the pneumothorax in 10 
patients. Two of the 10 patients had a chemical pleurod- 
esis by instilling 1 g of tetracycline hydrochloride into the 
pleural space immediately before the chest tube was 
removed. The initial treatment failed to resolve the pneu- 
mothorax n three patients. One of the patients in whom 
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Unilateral and Bilateral Pheumothoraces— Treatment and Results* 











Pulmonary, 
Microbiologic, and 


Diagnoses 





Date 


Tube Thoracostomy 








Other Survival 
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Unilateral Pneumothorax 

1/36/M PC, KP, 5A 2/18/86 X or a Sr 2/16/89 1093 
2/32/M PC, MAI, SA, PP 12/12/86 x os a = 11/5/87 328 
3/52/M PC, CMV, PP, HI, KS 3/19/87 ite ks X Taa Aia 4/13/87 25 

4/26/M PC, CMY 3/1/89 x 10/31/90 432 
5/35/M PC, CMV 4/5/89 11/8/89 119 
6/29/M PC, SA 5/6/89 x TS 5/24/89 18 
7/25/M PC, CMV 8/27/89 x 10/31/90 431 
8/36/M PC, KS 9/12/89 x T 9/16/89 4 

9/35/M PT 11/3/89 X Pleurectomy and stapling 10/31/90 T 354 
10/42/M PC, HI 1/3/90 x bil Pleurodesis i 8/3/90 221 
11/26/M PC, PP, Crypto 2/5/90 x leit TE A pe 3/6/90 28 
12/30/M i 2/26/90 ae X Pleurectomy and stapling 10/31/90 bie’ 246 
13/38/M PC, CMV 1/6/90 x Pleurodesis ea 1/20/90 14 
14/41/M PC, MAI, CMV, KS 3/22/90 5 










Bilateral Pneumothorax 













1/36/M PC, HI, HS, KS L, 2/6/86 ipa x wait T 2/10/86 4 
R, 2/6/86 x ‘ae P cai supe 
2/27/M PC, MA! L, 2/25/87 said x Staged L and R saa 8/27/87 182 
R, 3/9/87 one x Pleurectomy and stapling ‘Tui me 
3/50/M PC L, 6/16/87 x pR 11/27/87 166 
R, 6/14/87 . X Lung biopsy and stapling ae ‘te 4 TF 
4/28/F PE L, 1/21/89 FT x as er 2/1/89 11 
R, 1/29/87 X me pes fu siii aT 
5/51/M PC, CMV L, 4/30/89 X ee MeT ma 5/1/89 6 
R, 4/25/89 wer x Pleurectomy and stapling vr er T 
6/34/M PC, CMV, SA L, 6/15/89 “soa x wake PT 6/21/89 6 
R, 6/20/89 X a A inn ee 
7/27/M PC L, 10/24/89 TE x Bilateral sternal split 10/31/89 nr 371 
R, 10/27/89 ae x Pleurectomy and stapling = th ee — 
8/47/M PC, CMV, Toxo L, 12/12/89 x ae He fs 10/1/90 292 





R, 12/31/89 x 


*Succ indicates successful; Un, unsuccessful; PC, Pneumocystis carinii; KP, Klebsiella pneumoniae; SA, Staphylococcus pneumoniae; 
CMV, cytomegalovirus; HI, Haemophilus influenzae; KS, Kaposi’s sarcoma; Crypto, Cryptococcus; HS,hemolytic streptococcus; and Toxo, 
toxoplasmosis. 







the treatment failed died of respiratory insufficiency after 
25 days of treatment. The pneumothorax in the other two 
patients in whom treatment failed was resolved with sur- 
gical pleurectomy and stapling of apical blebs. Eight of the 
22 patients had synchronous or sequential bilateral pneu- 
mothoraces. Tube thoracostomy was successful in resolv- 
ing the pneumothoraces in only one patient. Three 
patients died while they were receiving treatment of their 
pneumothorax. The pneumothorax in the other four pa- 
tients was resolved with surgical pleurectomy, wedge re- 
section, and stapling of cysts and blebs. One of these pa- 
tients had an open lung biopsy that was performed for 
diagnosis and stapling of apical blebs. One patient had a 
unilateral pleural stripping, and two patients had bilateral 
pleural stripping, wedge resection, and stapling. 
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The patient survival time was determined 7 months af- 
ter the original study was terminated. Seventeen (77%) of 
the 22 patients died of their disease. The average survival 
time from initial treatment of their pneumothorax to death 
was 147 days. Ten of the 17 deaths occurred within 30 
days of initiating treatment of the pneumothorax. All pa- 
tients failed to improve with treatment and died of respi- 
ratory insufficiency. Seven patients improved with treat- 
ment, but they subsequently died. Their average survival 
time was 338 days. Six of the 22 patients underwent sur- 
gical pleurectomy. Three of these patients have died. 
Their average survival time was 125 days. The other three 
patients are alive and have survived an average of 325 
days. There have been no recurrent pneumothoraces in 
the patients who underwent pleurectomy. The follow-up 
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Fig 1.—Section of apical lung from patient with Pneumocystis 
pneumonia. EB indicates emphysematous bleb; AC, apical cyst; and 
arrows, parenchymal cysts. Scale bar indicates 1 cm. 


survival study revealed that only five of the 22 patients have 
remained alive. They have survived an average of 366 days. 

The gross appearance of the lung varied greatly in the 
six patients who had a thoracotomy to resolve a persistent 
pneumothorax. All lungs that were examined had abnor- 
malities that were more prominent in the upper-lobe than 
the lower-lung regions. The diseased lobes appeared to be 
pale gray and firm in consistency. Areas of necrosis were 
usually present in consolidated areas of the lung. These 
areas were exceedingly friable and prone to laceration 
with the slightest manipulation. Emphysematous blebs 
were located on the surface of the lung. The apex of the 
lung contained multiple cysts based on consolidated lung 
parenchyma (Fig 1). The pleura that overlay the cysts was 
frequently ruptured. Multiple small discrete subpleural 
blebs that were circumscribed by a yellow zone of lung 
parenchyma were dispersed throughout the lung surface. 
The intervening lung tissue appeared to be normal. 

The histologic findings in lung tissue, removed at tho- 
racotomy, revealed alveoli that were filled with foamy, 
granular eosinophilic intra-alveolar casts typically seen in 
Pneumocystis pneumonia. These casts were also seen in 
alveolar ducts and respiratory bronchioles that formed 
endobronchiolar casts (Fig 2). Methanamine silver stain 
confirmed the presence of Pneumocystis in these casts. The 
interstitium was infiltrated with lymphocytes and plasma 
cells. Tissue specimens invariably revealed extensive ne- 
crosis with a complete loss of the inherent architecture. 
The necrotic tissue was always accompanied by coarse, 
granular dystrophic calcification. In one case, diagnostic 
cytomegalovirus inclusions were found in the cytoplasm 
and nucleus of pulmonary alveolar macrophages and en- 
dothelial cell lining of blood vessels. This finding was 
usually associated with a vasculitis and hemorrhagic ex- 
travasation in surrounding tissue. Other culture-positive 
patients in the study failed to show this expression of cy- 
tomegalovirus. 


COMMENT 


Pneumothorax has been considered a rare complication 
in patients with AIDS.**° Recent publications have re- 
ported an increased frequency in patients with PCP." 
In this study, the incidence of pneumothorax in patients 
with AIDS and PCP was 5.6%. These results are similar 
to those in a study reported by Delorenzo et al" in which 
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the roentgenographic patterns of P carinii infections in 104 
patients with AIDS revealed six pneumothoraces. Gold et 
al! reported that the survival time in patients with AIDS 
and PCP more than doubled between 1979 and 1985 and 
1986 and 1988. One can speculate that the increased inci- 
dence >f pneumothorax in these patients may be related 
to imp-oved management of the patient with AIDS, en- 
abling longer patient survival and progression of the 
patholegic processes in the lung to a more advanced stage 
in thei- evolution. 

The pathogenesis of pneumothorax in patients with 
Pneumecystis pneumonia is not known. Pneumothorax 
has been reported in association with a number of necro- 
tizing esions of the lung. Pneumatocele and small 
cystic spaces in the lung have been noted radiologically in 
patients with Pneumocystis pneumonia in whom a pneu- 
mothorax subsequently developed.” The role of en- 
dobrorchiolar casts has not been emphasized in the 
pathogenesis of pneumothorax in Pneumocystis pneumo- 
nia. These casts, we believe, have the potential to act as 
a ball-valve-like mechanism, and in association with the 
patholegic changes in the lung and the dynamics of res- 
piration, produce subpleural blebs, pneumatocele, pa- 
renchy-nal cavitation, and apical cysts. All these lesions 
may rapture into the pleural space, resulting in a 
pneumothorax. '*'* As a number of these lesions may be 
presen- in varying degrees of development and as both 
lungs may be equally involved, it is not surprising that 
eight cf 22 patients in the present study had bilateral 
pneumothoraces and a similar number had one or more 
recurrent pneumothoraces. This finding suggests that the 
infection may not be controlled or destructive lesions in 
the lung persist. 

A preumothorax in a patient with AIDS has been 
reported to be prognostic for decreased survival. In a re- 
view o: the literature, Beers et al reported that 23 of 40 
patients died within 8 weeks of initial treatment. In the 
presen- study, the average survival time for the 17 
patients who died was 147 days. Patients who failed to 
improve with initial treatment died within 30 days, while 
patients, who improved with treatment and subsequently 
died, survived an average of 338 days. Only five of 22 pa- 
tients were alive when a 7-month follow-up study was 
conducted (Table). The short survival time for patients 
with a pneumothorax and AIDS emphasizes the need for 
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ae 


A 


Algorithm for 
Treatment 


Bronchoscopy, 
Tube Thoracostomy, 
and Appropriate Antibiotics 


f 


No Clinical 
Improvement 


b 


Clinical Improvement, 
Persistent Air Leak, and 
Recurrent Pneumothorax 


Pheumothorax 
Resolved 


Mortality CT Scan of Chest 


Bilateral 
Disease 


Unilateral 
Disease 


Sternal Split, 
Bilateral 
Pleurectomy, 
and Stapling 


Unilateral 
Pleurectomy 
and Stapling 


Fig 3.—Algorithm far treatment of pneumothorax in patients with 
acquired immunodefic.ency syndrome (AIDS). CT indicates com- 
puted tomographic. 


improved methods and modalities in the management of 
the underlying disease. 

The surgical management of pneumothorax in the pa- 
tient with AIDS ts complex and not well defined. This can 
be attributed to the limited information that is available in 
the management of these patients, the presence of one or 
more opportunsstic infections of the lung that are often 
complicated by a bacterial pneumonia, the presence of 
multiple pulmonary lesions, the bilateral nature of the 
disease, high reeurrence rate after initial treatment, failure 
to respond to treatment, and limited survival time after 
treatment. These variables suggest modifications in man- 
agement to cover the specific requirements of the indi- 
vidual patient. 

To assist in the management of these patients, an algo- 
rithm (Fig 3) was devised. The initial treatment includes 
bronchoscopy tor microbiologic diagnosis, tube thoracos- 
tomy to reexpand the lung, and appropriate chemother- 
apy to control infection. Patients who do not respond to 
treatment usually die of respiratory insufficiency and 
other AIDS-related causes. Patients in whom the pneu- 
mothorax resoives may benefit from a chemical pleurod- 
esis. Patients who improve with treatment but cannot be 
discharged from hospital because of a persistent air leak, 
and those patients in whom a recurrent pneumothorax 
develops, are candidates for surgical pleurectomy. A 
computed tomographic scan of the chest is obtained to 
determine the extent and severity of the pulmonary dis- 
ease. Patients with unilateral disease are considered to be 
candidates for unilateral surgical pleurectomy, and pa- 
tients with bilateral disease are considered to be candi- 
dates for sternal split synchronous bilateral pleurectomy. 
A total chest wail pleurectomy with abrasion of the ipsi- 
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lateral mediastinum and diaphragmatic surfaces can pro- 
vide good palliation for patients with persistent or recur- 
rent pneumothorax. The operation is well tolerated, 
surgical wounds heal well, hospital stay is short, and re- 
current pneumothoraces are remote. 

Recent publications'’**! have reported excellent re- 
sults with thoracoscopic electrofulguration and carbon 
dioxide laser in sealing ruptured blebs and bullae. Suc- 
cessful pleurodesis with the neodymium:yttrium alumi- 
num garnet laser was reported by Torre and Belloni.” 
The effectiveness of these newer devices in the treat- 
ment of pneumothorax in the patient with AIDS awaits 
clinical trial. 

It is concluded that a pneumothorax in the patient with 
AIDS predicts a short-term survival, and the poor results 
in the management of pneumothorax in the patient with 
AIDS are related to the pathologic lesions in the lung that 
are associated with Pneumocystis pneumonia and not to 
the surgical treatment that is employed. 


We wish to acknowledge the assistance of Peter Pare, MD, Direc- 
tor of Respiratory Division, Department of Medicine, University of 
British Columbia, and Rose Sigurnjak, coordinator of statistics and 
research, Department of Medical Research Records, St Paul’s Hos- 
pital, for their assistance in the preparation of the manuscript. 
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Discussion 


F. WILLIAM HEER, MD, San Francisco, Calif: Prevention, pal- 
liation, and cure of bronchopleural cutaneous fistula is the sur- 
gical challenge in AIDS pneumothorax. The authors have 
emphasized the nature and the significance in P carinii infesta- 
tion in AIDS pneumothorax and have proposed a treatment al- 
gorithm that I believe surgeons can use with confidence when 
faced with this problem. 

My experience with 147 cases of pneumothorax at the Davies 
Medical Center in San Francisco, between 1985 and 1991, 
showed a mortality rate of 47.5%. Bilaterality was observed in 
25%. Our follow-up is inadequate, but we have about a 20% re- 
currence rate. Eighteen patients underwent thoracotomy: four 
by the median sternotomy route for bilateral pleurectomy. Three 
patients died in the postoperative period of respiratory failure 
and exacerbation of secondary opportunistic HIV-related condi- 
tions. 

Characteristically, our patients present 16 months after 
AIDS diagnosis and have been on AZT and aerosolized pen- 
tamidine treatment during that period. Such treatments dou- 
ble life expectancy for these patients but do not eradicate the 
Pneumocystis infestation or arrest the associated pathologic 
changes. As this time passes, other opportunistic infections, 
neoplasms, and devastating immunosuppression supervene 
to limit therapeutic options when bronchopleural fistula oc- 
curs. Initial management consists of closed pleural drainage 
and vigorous suction. After 8 days if an air leak persists, we 
recommend pleurectomy and stapling with or without wedge 
excision of the diseased lung in highly selected patients. The 
sternal split exposure to deal with bilateral disease is very 
well tolerated equivalent to the unilateral approach. Correct 
risk assessment in either approach is vital. 

There are three risk categories in these patients that must be 
appreciated in order to properly apply the algorithm that the 
authors have presented. The first category includes good-risk 
patients for vigorous surgical intervention who have normal ox- 
ygenation and minimal nutritional or other HIV-related disease. 
The second category of patients are those unfortunate individ- 
uals in whom pneumothorax is quite clearly a premorbid or 
morbid event. Palliation is the only treatment, and it should be 
applied for comfort only in this group of patients. The third cat- 
egory is the real problem area. It includes patients who have 
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controled adverse risk factors, often many. These patients might 
live many months if one could correct the pneumothorax. It is 
clear that we have a tough decision to make in recommending 
operation in these patients, and we must assess that these pa- 
tients aave reasonable nutrition, normal mentation, adequate 
oxygeration, and minimal shunting, and the opportunistic 
infecticns and neoplasms that they may be affected with must 
be cont olled if there is to be a reasonable outcome from surgical 
interveation. 

Palliation means prolonged tube drainage. We have used the 
Heimlich valve successfully and would suggest its inclusion in 
the algerithm. Chemical pleurodesis has been uniformly inef- 
fective and painful, and we do not use it. We use chest x-ray and 
find significant bilaterality can be detected by this method. We 
have not used computed tomography routinely. 

What s the authors’ timing of operation in relation to duration 
of an air leak? Is there a priority of risk criteria for selecting can- 
didates -or thoracotomy? Should good-risk patients who have 
responded to closed drainage be offered pleurectomy to prevent 
recurrence in view of the high recurrence rate? How much con- 
tralateral disease must exist to warrant a transsternal prophylac- 
tic contrelateral pleurectomy? 

JOHN E. BENFIELD, MD, Sacramento, Calif: In patients with 
AIDS, it s the underlying disease in the lung that needs to be 
addressed. The term pneumothorax in such patients has quite a 
different -onnotation from the common pneumothorax in a 20- 
or 24-yea--old person who can be treated effectively and simply 
with a chest tube. The general principles are also illustrated in 
patients with lymphoproliferative disease of the thorax. 

An experience of some 30 years with almost 2000 patients with 
lymphoma (Yellin A, Pak HY, Burke HS, Benfield JR. Surgical 
management of lymphomas involving the chest. Ann Thorac 
Surg. 1987,44:363-369) yielded eight patients with 17 episodes of 
pneumotorax. The incidence of pneumothorax among 2000 
patients was 10 times greater than expected. There was lym- 
phoproliferative disease in the lungs, in six of these eight 
patients. 

Our conclusion was that pneumothorax in patients with lym- 
phoma is much more common than generally appreciated, and 
that among lymphoma patients, there were the following factors 
associated with bronchopleural fistula and pneumothorax: 
youth, Hadgkin’s disease, and radiotherapy. Thus, in lym- 
phoma patents with pneumothorax, the key issue to consider is 
whether or not the underlying lung parenchyma is normal or 
abnormal. 

When we are initially asked to see the patient, we can predict 
that it is likely that the patient is going to require an operation, 
and that simple chest tube drainage is unlikely to be successful. 
We now know that in patients with pneumothorax and AIDS, it 
is likely tha- early, prompt operation may be the best palliation 
we can offe>. Can you identify a group of patients in whom op- 
eration should not be recommended? What, if any, are the cri- 
teria for decining to proceed with either chest tube drainage or 
operation ir patients with AIDS and pneumothorax? 

JAMES B. D. MARK, MD, Stanford, Calif: One particularly bad 
group of patients are those who develop pneumothorax on res- 
pirators, particularly with high peeps and high pips with Pneu- 
mocystis and HIV positive. 

The success in curing those patients is minimal. But we usu- 
ally avoid the temptation to operate on such patients. Their sur- 
vival and telrance of operations are quite low. 

DR GEREIN In answer to the question regarding the timing of 
operation in relation to duration of an air leak, every patient 
presents as a textbook in pathology, and every patient brings his 
own textboox. Our practice has been that those patients in a 
hospital with a persistent pneumothorax, requiring closed chest 
drainage, cortinue with closed chest drainage until the patient 
is ready for cischarge from the hospital. Since it is difficult to 
discharge a patient from the hospital with a persistent air leak, 
we would consider a pleurectomy at that time in order that we 
can get the patient back into a home environment. 

A patient who does not improve with treatment probably will 
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not survive for a long period, and for that reason, we have not 
operated on them. In the algorithm presented, they probably fall 
into the group in which patients failed to improve with therapy 
and die within 30 days. 

Do we have priority of risk criteria for selecting candidates for 
thoracotomy? We are mot aware of a score nor do we have a pri- 
ority score or number. However, the CD4 determination is an 
interesting idea that may help select patients for pleurectomy in 
the future. My own feeling is that an absolute helper cell count 
below 100 is associated with a poor prognosis for the patient re- 
gardless of the therapeutic measures employed. Under these 
circumstances, the patient no longer has the immunologic 
potential to respond to his disease. 

We have not practiced prophylactic pleurectomy. It is difficult 
to determine how long these patients are going to survive. Pleu- 
rectomy in one patient mey not be necessary, while another may 
survive long enough to develop a recurrence. If the patient's 
general condition permits, we would defer a pleurectomy until 
a recurrence intervenes. 

How much contralateral disease must exist to warrant trans- 
sternal prophylactic contralateral pleurectomy? One of the rea- 
sons for obtaining a CT scan of the chest before proceeding to 
pleurectomy is to search out those patients who have large pe- 
ripheral cysts or emphysematous blebs. If they are peripheral 
and if they are large, I would be inclined to perform a bilateral 


pleurectomy. On the other hand, the recurrent pneumothorax 
rate is so high, it seems reasonable that in a patient who is a can- 
didate for a unilateral pleurectomy to proceed with a bilateral 
pleurectomy in anticipation of a recurrence on the opposite side 
at a later date. 

We do identify groups of patients who should not be operated 
on, and they consist of those who do not respond to initial treat- 
ment in the hospital. The initial treatment includes bronchos- 
copy for diagnosis, appropriate antibiotics to control infection, 
and closed chest drainage to reexpand the lung. 

Regarding the pleuroscopic approach for fulguration. There 
are studies using electrofulguration for the treatment of ruptured 
blebs with excellent results. Also, the CO, laser and Nd:YAG laser 
have been used in pleurectomy. These new techniques need to 
be assessed clinically, but early reports are encouraging. We find 
that the pathology in these patients is so extensive, it must be dif- 
ficult for indirect methods to control most pneumothoraces. 

We no longer place our patients on a mechanical respirator 
unless there is a good reason or an extenuating reason for me- 
chanical support. These patients, if intubated and placed on a 
respirator, are almost certainly going to develop bilateral pneu- 
mothoraces with profuse air leakage that is virtually impossible 
to control. We no longer practice intubation for mechanical res- 
piratory support in the management of these patients. 


Surgical Anatomy Question 


O The arterial supply to the adrenal gland originates from the correspond- 


ing renal artery. [True or False?] 
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1. Grant JCB. A Method of Anatomy. 5th ed. Baltimore, Md: Williams & Wilkins; 1952:284. 
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The Impact of Liver Reductions in Pediatric Liver 
Transplantation 


Carlos O. Esquivel, MD, PhD; Paul Nakazato, MD; Kenneth Cox, MD; Waldo Concepcion, MD; 
William Berquist, MD; Thomas P. Russell, MD 


@ Reduced-size liver transplantation (RSLT) in children 
was introduced to alleviate a shortage of small-organ 
donors. The impact of RSLT on the waiting time for an 
organ and on morbidity and mortality was investigated. 
Between March 25, 1988, and August 11, 1990, 61 he- 
patic transplantations were performed in 55 children at 
the Pacific Transplant Institute in San Francisco, Calif. 
Full-size liver transplantation was performed in 41 cases 
and RSLT in 20 cases. The overall 30-month actuarial 
patient and graft survival rates were 89% and 73%, 
respectively. A comparison between full-size liver trans- 
plantation and RSLT showed no difference in patient and 
graft survival, reoperations, infections, or rejection. Ben- 
efits of RSLT were an increase in the donor pool size, a 
decrease in waiting time for a suitable donor, and a 
decrease in the rate of arterial thrombosis. The main 
morbidity of RSLT was an increase in perioperative blood 
requirements. We conclude that RSLT offers small chil- 
dren with end-stage liver disease a chance for long-term 
survival. 
(Arch Surg. 1991;126:1278-1286) 


«bs important problems in pediatric liver transplanta- 

tion are the shortage of small-size donors and the in- 
creased incidence of graft loss due to postoperative 
thrombosis of the hepatic artery, particularly in children 
under 1 year of age." 

A lack of donors has been responsible for up to 50% of 
the mortality in patients waiting for transplantation, with 
infants representing the group most often affected by this 
problem. As pointed out by Emond et al,* over 50% of 
children with end-stage liver disease die before they reach 
the age of 2 years; however, most brain death donors are 
in the school-age group or older. 

Although multifactorial in origin, hepatic artery throm- 
bosis is seen more frequently in patients with small- 
diameter hepatic arteries (<3 mm), compounding the 
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problen of organ need in children weighing less than 
10 kg.~° To alleviate this problem, a few centers in the 
Unitec States and throughout the world have been using 
reduced-size liver transplantation (RSLT).** 

We herein report our experience with RSLT, with em- 
phasis on its impact on the waiting time for an organ and 
on morbidity and mortality. 


PATIENTS AND METHODS 
Patient Population 


Betw2en March 25, 1988, and August 11, 1990, a total of 55 
pediatric patients (<18 years of age) received 61 liver transplants 
at the Pacific Transplant Institute of San Francisco, Calif. The 
data in ‘his report are derived from review of the medical records 
from these patients. For the analysis, the patients were divided 
into twe groups, (1) weighing less than 10 kg (33 patients) and 
(2) weighing more than 10 kg (22 patients), based on the weight 
of the patient at the time of transplantation. 

The diagnostic indications for liver replacement are shown 
in Table 1. We performed RSLT in 16 of 55 primary transplan- 
tations and in four of six retransplantations. Eight patients 
who weighed less than 10 kg underwent transplantation with 
ABO-incompatible livers; six of these were full-size liver 
transplentations (FSLTs) and two were RSLTs. Liver trans- 
plantation candidates were assigned one of the following 
United Network of Organ Sharing categories for their medical 
conditicns: status 1, at home; status 2, hospitalized (not in 
the intensive care unit); status 3, in the intensive care unit 
due to liver disease; and status 4, in intensive care unit and 
requirirg mechanical assistance for ventilation (anhepatic or 
nearly anhepatic). For primary transplantations, 29 patients 
were in the status 1 category, 15 were in status 2, four were 
in status 3, and seven were in status 4. 


Surgical Aspects 

Liver procurement was accomplished using an en bloc tech- 
nique, end the livers were preserved in Wisconsin solution.”° 
The extent of the liver resection in RSLT depended on the size 
of the argan and the size of the abdominal cavity of the recipi- 
ent. Techniques for dividing and transplanting the organ have 
been reported elsewhere.^®!!!? Based on Couinaud terminol- 
ogy,” segments 2 through 4 (left lobe) were used in 17 trans- 
plantations and segments 2 and 3 (lateral segment) in two trans- 
plantations. One patient received segments 4 through 8 
(extended right lobe). 

The arterial anastomosis in FSLT was made end-to-end 
between the common hepatic artery of the recipient and the do- 
nor celiac axis. In RSLT the arterial reconstruction was often 
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Table 1.—Diagnostic Indications for Liver Replacement 
and Type of Operation* 


















Weight <10 kg Weight >10 kg 
a —— Total 
Indication FSLT = RSLT FSLT RSLT No. (%) 



















Biliary atresia 13 9 3 0 25 (40) 


Neonatal hepatitis 2 3 2 1 8 (13) 
Retransplantation 1 3 1 1 6 (10) 
Postnecrotic 

cirrhosis 0 0 4 1 5 (8) 
Hepatitis 0 0 3 0 3 (5) 
Tyrosinemia 2 1 0 3 (5) 
a,-Antitrypsin 

deficiency 0 0 2 0 2 (3) 
Hepatoma 0 0 2 0 2 (3) 
Fulminant hepatitis 1 0 1 0 2 (3) 
Alagille’s syndrome 1 0 0 0 1 (2) 
Congenital hepatic 

fibrosis D 1 1 (2) 
Histiocytosis X 1 0 0 0 1 (2) 
Protein C 

deficiency D 0 0 1 1 (2) 
Hepatic artery 

thrombosis D 0 1t 0 1 (2) 


Total, No. (%) 21 (34) 16 (26) 20(33) 4(7) 61 (100) 


*FSLT indicates full-size liver transplantation; RSLT, reduced-size 
liver transplantation. 

tThis patient had a primary transplantation at another institution. 
For the analysis, this patient was considered a primary transplant 
recipient in our series. 








100 


80- 


Time, mo 


Fig 1.—Actuaria/ survival of 55 patients (solid line) who underwent 
a total of 61 liver transplantations (broken line). All deaths occurred 
within the first 6 months, and only one graft was lost after the first 
year. The numbers represent patients and grafts at risk. 


made end-to-side, from the donor celiac axis to the recipient su- 
praceliac aorta. The arterial reconstructions in RSLT were aorto- 
celiac anastomosis (14 cases), end-to-end from the recipient he- 
patic artery to the donor celiac axis (five cases), and from the 
donor celiac axis to the infrarenal aorta (one case). Aspirin and 
dipyridamole were given to all patients postoperatively. In ad- 
dition, dextran 40 and, occasionally, intravenous heparin infu- 
sion were used in those patients with difficult vascular recon- 
structions. 

The biliary tract reconstruction was performed by end-to-side 
choledochojejunostomy to a Roux-en-Y anastomosis in 54 trans- 
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Survival Rate, % 


Table 2.—Causes of Death 


Type of Liver Cause Contributing 
Transplantation Factors 


















Weight <10 kg 


RSLT Intraoperative Portal vein 
thrombosis 
RSLT Lymphoproliferative Rejection 
disease 
RSLT Legionella disease Sepsis 
FSLT Hepatic artery Perforated duodenal 
thrombosis ulcer, sepsis 
Weight >10 kg 
FSLT Brain-stem Encephalopathy 
herniation intravenously 
before 
transplantation 
FSLT Pulmonary Multiple organ 


hemorrhage system failure 





*FSLT indicates full-size liver transplantation; RSLT, reduced-size 
liver transplantation. 


Survival Rate, % 


Time, mo 


Fig 2.—Survival of patients with full-size liver transplantation (solid 
line, n= 39) was not statistically different from that of patients with 
reducea-size liver transplantation (broken line, n=16) (P=.258). 
The numbers represent patients at risk. 


Time, mo 
Fig 3.—Patient survival curves of children who weighed less than 
10 kg. The difference in patient survival of children with full-size 
liver transplantation (solid line, n=20) vs reduced-size liver trans- 
plantation (broken line, n= 13) did not reach statistical significance 
(P=.153). The numbers represent patients at risk. 
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Fig 4.—Patient survival curves of children who weighed more than 
10 kg. The difference in patient survival of children with full-size 
liver transplantation (solid line, n=19) vs reduced-size liver trans- 
plantation (broken line, n=3) did not reach statistical significance 
(P=.565). The need for reduced-size liver transplantation was lower 
in children who weighed more than 10 kg than in children who 
weighed less than 10 kg. The numbers represent patients at risk. 


Survival Rate, % 





0 6 12 18 
Time, mo 


Fig 5.—The graft survival curves for full-size liver transplantation 
(solid line, n=41) and reduced-size liver transplantation (broken 
line, n=20) are almost identical. Most graft losses occurred within 
the first 6 months following transplantation (P =.485). The numbers 
represent grafts at risk. 


Table 3.—Causes of Graft Loss 


No. of Grafts* 


OY, 
FSLT RSLT 
Hepatic 


Hepatic artery 
thrombosis 


Rejection 
Portal vein thrombosis 


Legionella disease 


Extrahepatic 
Intraoperative 


Lymphroproliferative 
disease/hepatitis 


Brain-stem herniation 
Total 


*FSLT indicates full-size liver transplantation; RSLT, reduced-size 
liver transplantation. 
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Fig 6.— Graft survival curves of livers used in children who weighed 
less than 10 kg. The difference in graft survival in children with full- 
size liver transplantation (solid line, n=21) vs reduced-size liver 
transplentation (broken line, n= 16) did not reach statistical signif- 
icance P=.591). The numbers represent grafts at risk. 
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Fig 7.—Graft survival curves of livers utilized in children who 
weighed more than 10 kg. The difference in patient survival of chil- 
dren wth full-size liver transplantation (solid line, n=20) vs 
reducec-size liver transplantation (broken line, n=4) did not reach 
statistical significance (P=.565). The numbers represent grafts at 
risk. 


plantations and by end-to-end choledochocholedochostomy in 
seven cases. 


Postoperative Management 


The snmunosuppressive protocol consisted of cyclosporine 
and prednisone. During the first 7 to 10 days, Minnesota anti- 
lymphccyte globulin was administered until adequate levels of 
cyclosporine were obtained.’* Rejection episodes were treated 
with O<T3 or pulses of steroids or both.” 

In addition to the rejection episodes, the incidence and type 
of infecions were recorded. Likewise, the need and indications 
for reoperations were reviewed. In patients with difficult trans- 
plantatons because of extensive previous surgery in the upper 
abdominal tract, second-look laparotomies were routinely per- 
formed. 


Statistical Analysis 


Most data were analyzed using the x? method and analysis of 
variance. Survival analysis was carried out using the SPSS/PC+ 
Advanced Statistics Package, Version 4.0. This uses the life table 
methoc and compares two or more groups according to the al- 
gorithm of Lee and Desu.” All P values are nominal (ie, not cor- 
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Table 4.—Indications for Retransplantation* 


Indication for 
Second Liver 
Transplantation 





Type of 
First Liver 


Recipient's 
Transplantation 


Weight, kg 


Hepatic artery thrombosis 
Hepatic artery thrombosis 





Type of 
Second Liver 
Transplantation 


Alive and well 
Alive and well 


Portal vein thrombosis Died 


Rejection 
Rejection 
Hepatitis 


rected for multiple cemparisons). P values of less than .05 were 
considered significant. 


RESULTS 
Patient Survival 


Patient survival rates are reported according to the type 
of the first transplantation. The actuarial patient survival 
rate forthe whole series (n =55) was 89% at 30 months (Fig 
1). Six children died, and the causes of death are listed in 
Table 2. The survival sates were 92% and 81% for children 
who underwent FSLT (n=39) and RSLT (n= 16), respec- 
tively (Fig 2). The survival rate of patients who weighed 
more than 10 kg (m=22, 91%) was not statistically differ- 
ent from that of children who weighed less than 10 kg 
(n=33, 88%). For patients who underwent FSLT, the 
survival rates were 95% in children who weighed less 
than 10 kg (n= 20) and 89% in children who weighed more 
than 10 kg (n=19). For patients who underwent RSLT, 
the survival rates were 77% in children who weighed less 
than 10 kg (n=13) and 100% in children who weighed 
more than 10 kg (n=3). The difference is not statistically 
significant (Figs 3. and 4). 


Graft Survival 


The 30-month graft survival rate was 73% for the entire 
series (n=61). Graft survival rates were 73% and 75% for 
FSLT (n=41) and RSLT (n=20), respectively (Fig 5). For 
FSLT in children who weighed less than 10 kg (n=21) the 
graft survival rate was 81%, and in children who weighed 
more than 10 kg (n=20) the rate was 64%. For RSLT in 
children who weighed less than 10 kg (n = 16) the rate was 
75%, and for children who weighed more than 10 kg 
(n=4) it was also 75% (Figs 6 and 7). 

A total of 13 grafts were lost, and the causes are listed 
in Table 3. The retransplantation rate was 11% (six 
patients), and the indications are listed in Table 4. Four of 
those six patients were alive and well at the time of this 
report, with a mean follow-up since retransplantation of 
16 months (range, 8.5 to 28 months). 

ABO-incompatible grafts were used in eight patients, 
and all eight weighed less than 10 kg. We used FSLT in 
six patients and RSLT in the remaining two patients (Ta- 
ble 5). 


Waiting Time 
Table 6 shows the waiting time until a donor was found. 
For children who weighed less than 10 kg, the waiting 


time was significantly shortened in patients who under- 
went RSLT compared with those who underwent FSLT. 


Arch Surg—Vol 126, October 1991 





Alive and well 
Alive and well 
Died 





*FSLT indicates full-size liver transplantation; RSLT, reduced-size liver transplantation. 


No difference was noted in children who weighed more 
than 10 kg. 


Donor-Recipient Weight Ratio 


The mean donor-recipient weight ratio for FSLT (n= 41) 
was 1.1+0.4, and for RSLT (n=20) it was 3.0+1.4. The 
difference was statistically significant (P<.000001). The 
greatest donor-recipient weight ratio in RSLT was 7.1:1, 
and segments 2 and 3 (lateral segment) were used in this 
transplant. The greatest ratio in RSLT in children who 
weighed more than 10 kg was 3.1:1. 


Blood Transfusion 


Full-size liver transplantation (n=41) required less 
blood transfusion perioperatively (0.39+0.58 U/kg) than 
RSLT (n=20, 0.96+0.76 U/kg), and the difference was 
statistically significant (P<.002). For children who 
weighed less than 10 kg, the difference in transfusion re- 
quirement in RSLT compared with FSLT did not reach 
Statistical significance; however, for children who 
weighed more than 10 kg, the transfusion requirement 
was significantly greater in RSLT than in FSLT (Table 7). 


Reoperation 


The intraoperative findings at the time of reoperation 
are listed in Table 8. Four of nine patients who had 
second-look operations had significant pathologic find- 
ings at the time of the operation, including transverse co- 
lon perforation with minimal contamination (one case), 
infected biloma (one case), Candida peritonitis with no 
perforation (one case), and acute cellular rejection (one 
case). 

Thirty-six reoperations were performed in the group of 
patients who weighed less than 10 kg (ratio of laparoto- 
mies to transplantations, 0.9), and 15 reoperations were 
performed in the group of patients who weighed more 
than 10 kg (ratio of laparotomies to transplantations, 0.6). 
Among patients who weighed more than 10 kg, three 
(15%) of 19 who underwent FSLT and one of three who 
underwent RSLT required reoperations. In contrast, 
among patients who weighed less than 10 kg, 12 (60%) of 
20 who underwent FSLT and nine (69%) of 13 who 
underwent RSLT required reoperations. The difference 
between FSLT and RSLT was not statistically significant; 
however, the difference between the groups that weighed 
more and less than 10 kg was highly significant (P<.005). 

Reoperations for control of postoperative bleeding or 
evacuation of hematomas were necessary in seven cases 
with FSLT and in four cases with RSLT. 
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Table 5.— Analysis of ABO-Incompatible Grafts* 


ABO Type 
Type of peepi A 
Diagnosis UNOS Status Transplantation Donor Recpient Follow-up, mo Outcome 





Tyrosinemia 3 FSLT AB 
Biliary atresia 2 FSLT A 
Biliary atresia 2 FSLT A 
Biliary atresia 2 FSLT A 
Biliary atresia 2 FSLT A 
Biliary atresia 4 RSLT A 
Biliary atresia 2 RSLT A 
Tyrosinemia 1 FSLT A 


A 24 Alive 
D 24 Alive 
D 21.5 Alive, retransplantation 
D 16.6 Alive 
O 12.8 Alive 
O 9.8 Alive 
O 0.9 Died 
O 7.5 Alive 


*UNOS indicates United Network of Organ Sharing; FSLT, full-size liver transplantation; and RSLT, reduced-size liver transplantation. 


Table 6.—Waiting Time for a Suitable Liver Donor 


No. of 
Patients 


Type of Liver 
Transplantation 


Waiting Time, dt Pt 
Primary 
Secondary 
FSLT 
RSLT 
Weight <10 kg 
FSLT 
RSLT 
Weight >10 kg 
FSLT 
RSLT 


*FSLT indicates full-size liver transplantation; RSLT, reduced-size 
liver transplantation. 

+Values are mean+SD. 

NS indicates not significant. 





Table 7.—Blood Transfusion in Pediatric Liver 
Transplantation 







Blood Transfusion, 
No. of Type of Liver U/kg of 
Patients | Transplantation* Body Weightt P 








FSLT 0.39 + 0.58 













<.002 
20 RSLT 0.96 + 0.76 
55 Primary 0.53 + 0.63 
<.05 
6 Secondary 1.10+1.00 
39 Primary FSLT 0.40 +0.60 id 
16 Primary RSLT 0.82 + 0.64 
16 Primary RSLT 0.82 +0.64 09 
4 Secondary RSLT 1.54+1.00 
21 FSLT (weight <10 kg) 0.58+0.76 09 
16 RSLT (weight <10 kg) —-1.03 + 0.81 
20 FSLT (weight >10 kg) 0.19+0.10 
<.00006 
RSLT (weight >10 kg) 0.72+0.46 






*FSLT indicates full-size liver transplantation; RSLT, reduced-size 
liver transplantation. 
+Values are mean+SD. 
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Table 8.—Findings at Reoperation in Pediatric Liver 
Transplantation* 


No. of Patients 


oC rer OO —_ OOOOCVC—| 
FSLT RSLT 
eo ee es 
Weight Weight 
<10kg >10kg 


Weight 
<10 kg 


Weight 
Finding >10 kg 
No findings 

Hemoperitoneum 

Peritonitis 

Irrigation 


Small-bowel 
obst-uction 


Subph-enic 
abscess 


Abdor inal closure 
Bile duct stricture 


Removal of 
foreign body 
Rejection 
Portal rein 
thrombosis 
Total 


*FSLT indicates full-size liver transplantation; RSLT, reduced-size 
liver transplantation. 

+These patients had bile peritonitis secondary to thrombosis of 
the hepaiic artery. 





A totel of four episodes (6%) of hepatic artery throm- 
bosis w2re diagnosed, all in infants with FSLT who 
weighec less than 10 kg. Two other infants (3%) with 
RSLT developed thrombosis of the portal vein. One graft 
in a patient with hepatic artery thrombosis and another 
graft in a patient with portal vein thrombosis were saved 
after urgent embolectomies at reoperations. No episodes 
of hepatic artery thrombosis were observed in patients 
with RS_T. 

Biliary tract complications were observed in six cases 
(10%), consisting of bile peritonitis due to thrombosis of 
the hepatic artery (three cases), biliary strictures (two 
cases), and a retained biliary stent (one case). 
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Table 9.—Rejection Episodes in Pediatric Liver 
| Transplantation 





Rejection Episodes per Graft* 







ABO-Incompatible 
Graftst 


1.3+0.8 








FSLT 
09+0.9 


RSLT 


0.9+0.7 
Weight <10 kg 08+0.7 0.7+0.6 
Weight >10 kg 08+09 1.3+1.3 


*Values are mean + SD. There were 59 grafts, excluding two grafts 
lost within the first week. FSLT indicates full-size liver transplanta- 
tion; RSLT, reduced-size liver transplantation. 

tEight patients had ABO-incompatible grafts, including two pa- 
tients with RSLT who weighed less than 10 kg. 






Overall 






Rejection 
At least one episode of rejection was observed in 35 pa- 
tients (64%). The incidence of rejection was similar in pa- 
tients with FSLT and RSLT and in patients who weighed 
less than and more than 10 kg (Table 9). Rejection led to 
the loss of four grafts and contributed to the death of one 
patient. 


Infection 


Thirty-six (65%) of 55 patients had at least one episode 
of infection. The rate of infections was greatest in children 
who weighed less than 10 kg (P<.005); however, no dif- 
ference was noted between FSLT and RSLT (Table 10). 

Bacterial infectioms accounted for 66% of the infections, 
viral infections for 20%, and fungal infections for 14%. A 
total of eight cytemegalovirus infections were docu- 
mented in six childrer. who weighed less than 10 kg and 
in two children who weighed more then 10 kg. Five of 
these eight episodes of cytomegalovirus infection affected 
children with FSLT, and the remaining three were in 
children with RSLT. There were no deaths or graft losses 
due to cytomegalovirus infections. 


Follow-up 


After follow-up cf a: least 6 months, only three patients 
were having significant problems. One patient had is- 
chemic intrahepatie and extrahepatic biliary strictures and 
was waiting for retransplantation at the time of this 
report. Another patient had mild elevation of transami- 
nase concentratioms from rejection brought about by 
noncompliance with medications. One patient had mild 
hepatic dysfunction from recurrence of hepatitis B. Three 
other patients had test results positive for hepatitis C, al- 
though liver function was normal. The remaining patients 
had normal hepatic function. 


COMMENT 

The limiting factor in pediatric liver transplantation is 
the scarcity of small donor organs, resulting in an unac- 
ceptable pretransplantation mortality rate.’* The inade- 
quate supply of organs is also blamed for increased mor- 
bidity and mortality after transplantation because of the 
relentless progression of liver disease while the patient is 
waiting for a suitable donor.’ A short waiting time is cru- 
cial for a good outeome, particularly in situations that call 
for urgent transplantation, such as cases of acute fulmi- 
nant hepatitis, primary graft nonfunction, accelerated re- 
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Table 10.—Infection Episodes in Pediatric Liver 
| Transplantation 


Infection Episodes per Graft* 











ABO-Incompatible 
Graftst 


1.5+0.9 








FSLT 


12213 
Weight <10 kg 1.9+1.3 1.81.2 
Weight >10 kg 0.7+1.2 1.3+1.3 


*Values are mean + SD. There were 59 grafts, excluding two grafts 
lost within the first week. FSLT indicates full-size liver transplanta- 
tion; RSLT, reduced-size liver transplantation. 

tEight patients had ABO-incompatible grafts, including two pa- 
tients with RSLT who weighed less than 10 kg. 


RSLT 
1-22 1.2 






Overall 






Status 3 Status 4 
n=3 n=7 


Status 2 


Status 1 


Survival Rate, % 


Time, mo 


Fig 8.—Patient survival curves according to clinical condition prior 
to transplantation, based on United Network of Organ Sharing cat- 
egories for medical necessity. The numbers represent patients at 
risk. 


jection, or hepatic infarction. In such urgent situations, 
the University of Chicago (Ill) reported a patient survival 
rate of 44% with RSLT. Furthermore, the patient mortal- 
ity rate among their candidates waiting for transplanta- 
tion was only 7%, with this low incidence attributed to the 
use of RSLT.° 

We chose to analyze our experience with RSLT based on 
the weight of the children at the time of transplantation, 
since small children are known to be at a higher risk for 
developing complications.** Furthermore, RSLT would 
be most beneficial in this group of patients, since this is 
also the age group for which the shortage of organs is 
most severe.* 

We found similar patient and graft survival with FSLT 
and RSLT. Although we made no attempt to separate our 
transplantations into elective and urgent categories, our 
data did show that patients with multiple organ failure 
(status 4) fared worse than more stable patients (Fig 8). 
Unfortunately, the rules of the United Network of Organ 
Sharing for allocation of organs are weighted heavily to- 
ward patients who are critically ill, resulting in increased 
patient and graft attrition. “Healthier” patients have to 
wait until they are sick enough to compete for organs. The 
use of RSLT has definitely increased the donor pool in our 
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institution, and, above all, it has decreased the waiting 
time for children who weigh less than 10 kg. The mortal- 
ity rate of pediatric candidates in our institution has been 
4%. 

Morbidity with RSLT cannot be overlooked, but it is not 
much different from morbidity with FSLT, particularly in 
small children. The main difference between the two 
types of operations is the increased blood requirement 
during the perioperative period in RSLT compared with 
FSLT. This difference did not reach statistical significance 
in the group that weighed less than 10 kg but was highly 
significant in the group that weighed more than 10 kg. 
Principal factors responsible for blood loss are the pres- 
ence of a large raw surface in RSLT and the administra- 
tion of anticoagulant and antiplatelet agents during the 
perioperative period. The potential risks of blood trans- 
fusions are transmission of viral diseases and transfusion 
reactions. As previously stated, three patients developed 
positive markers for hepatitis C after transplantation, but, 
fortunately, none had evidence of hepatitis at the time of 
this report. All three patients underwent FSLT, and the 
source of infection could not be determined. Blood loss 
has been minimized by refinements in surgical technique, 
such as the use of the ultrasound dissector (cavitron 
ultrasonic aspirator) and fibrin glue, which is made by 
mixing cryoprecipitate, thrombin, aprotinin, and calcium 
chloride.” 

Thrombosis of the hepatic artery is a serious complica- 
tion in pediatric hepatic transplantation.*°* In fact, a po- 
tential benefit of RSLT is a reduction in the rate of this 
complication. Otte et alë reported that the incidence of 
hepatic artery thrombosis decreased from 17% in FSLT to 
7% in RSLT. A technique that we have found useful in 
RSLT is anastomosing the donor celiac axis to the su- 
praceliac aorta, since the hepatic artery of “cutdown” liv- 
ers is usually long enough to reach the aorta. This tech- 
nique has virtually eliminated hepatic artery thrombosis 
in RSLT. 

It appears that the rate of portal vein thrombosis is 
slightly increased in RSLT.'* We saw two instances of 
portal vein thrombosis, although one graft was saved 
by prompt revision of the vascular reconstruction with 
an interposition graft.” The cause of this complication 
is probably secondary to the positioning of the reduced 
liver in the abdominal cavity. In both of our patients 
the problem was that the liver shifted posteriorly, 
dragging and kinking the portal vein. This has been 
prevented in subsequent transplantations by slightly 
rotating the reduced graft counterclockwise so that it 
sits in Morrison’s pouch, eliminating the dead space 
created by the absence of the right lobe.” When using 
segments 2 and 3, the liver is placed in the flop posi- 
tion to avoid problems with the portal vein and facili- 
tating closure of the abdomen.” 

The apparently high number of reoperations in children 
who weigh less than 10 kg requires an explanation. The 
decision for second-look laparotomies is made at the time 
of transplantation. Typically, the patient is a small child 
with a history of previous operations in the right upper 
quadrant complicating the transplantation, or a patient 
with intrahepatic abscesses that predispose to postoper- 
ative abdominal sepsis. Interestingly, almost 50% of the 
reexplorations in these patients led to findings that might 
have had a negative influence on outcome had the diag- 
nosis been missed or made late. Serious complications of 
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choledochojejunostomy have been reported in pediatric 
liver ransplant recipients.” The most common complica- 
tions with this type of bile duct reconstruction are bowel 
perforations, intestinal obstructions, and bleeding. These 
are often fatal complications in liver transplant recipi- 
ents. With such complications the need for early diag- 
nosis and prompt treatment cannot be overemphasized. 
It is important to mention that the clinical manifestations 
of an acute abdomen in an immunosuppressed child may 
be ve-y subtle. Acute cellular rejection may present as an 
acute abdomen, making the differential diagnosis even 
more difficult. 

We noticed a very high incidence of infection in 
children who weighed less than 10 kg compared with 
children who weighed more than 10 kg. This is not sur- 
prising, since infants normally have more infections than 
older children, with the frequency of infections decreas- 
ing wth age. Moreover, a significant number of infants 
with biliary atresia have septic cholangitis at the time of 
transplantation. 

The incidence of rejection was similar in RSLT and 
FSLT. Rejection was an infrequent cause of graft loss even 
thougn our patients were treated with a reduced dosage 
of steroids compared with other conventional treatments. 

The need for organs in our series is also manifested by 
the u= of ABO-incompatible organs in eight patients. So 
far, petient and graft survival with these organs has not 
been different from that of recipients of ABO-matched 
liver tansplants. A similar experience was reported by 
the Pttsburgh group.” Because there is not enough 
information about the long-term graft expectancy with 
ABO-imcompatible livers, we opt for this approach only in 
urgen situations. Nevertheless, the 2-year patient sur- 
vival rate in this group of patients is excellent, and the in- 
cidene of rejection has been similar to that of recipients 
of ABO-compatible transplants. 

Regardless of whether children undergo RSLT or 
FSLT, our data show that the patient outcome is defi- 
nitely compromised if the condition of the transplant 
candicate is allowed to deteriorate to the point of re- 
quiring cardiopulmonary support (United Network of 
Organ Sharing status 4).”* Patients should be fol- 
lowed up jointly by referring pediatricians and by 
transpant surgeons, so that, at the earliest symptoms 
of liver decompensation, the child may be given the 
opportunity to receive a transplant. 

In conclusion, RSLT gives small children with end- 
stage lwer disease an opportunity for liver transplantation 
and a chance for survival. This concept of liver reduction 
has also led to new horizons in liver transplantation, such 
as the ase of split livers, in which one liver can be utilized 
for twe recipients, as well as the techniques for living- 
related liver transplantation.” 


We ae indebted to Rodger M. Shepherd, MD, for his assistance 
with the statistical analysis, and to our coordinators and physician 
assistans for their invaluable help in taking care of these children. 
We also-thank Carol Morse and Janet Lim for their skillful prepara- 
tion of the manuscript. 
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Discussion 
MARSHALL Z. SCHWARTZ, MD, Sacramento, Calif: Transplan- 
tation of the liver has progressed from a nearly impossible task 
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to a commonplace procedure practiced in numerous centers. Ten 
years ago patients with end-stage liver disease died. Due to the 
pioneering work of Tom Starzl and the subsequent availability 
of cyclosporine, whole-organ liver transplantation has become 
remarkably successful. Along with this triumph has come the 
reality that the lack of organ availability is the most significant 
limiting factor, especially for small children. To address this 
problem, innovative but more risky approaches have been pro- 
posed. One such concept has been transplantation of a segment 
of the liver. 

We have just heard a presentation of a remarkable patient se- 
ries with outstanding results. Fifty-five children, 33 of whom 
weighed less than 10 kg, underwent liver transplantation in a 
private hospital setting with an overall 1-year actuarial survival 
greater than 90%. Sixteen of these children had RSLTs, and their 
actuarial survival was 89%. Among the 61 liver transplants, the 
3-year graft survival was 79% in the FSLTs and 75% in the RSLTs. 
In general, there were no adverse effects from the use of 
reduced-size grafts, with the exception of increased blood trans- 
fusions. Clearly, the most significant gain using this technique 
has been a decrease in waiting time for candidates requiring liver 
transplantation from 72 days to 40 days. 

Based on these data as well as on other reports, I believe that 
RSLT is an appropriate procedure when indicated. I have several 
questions that I would like to pose to the authors: (1) What cri- 
teria are used to determine the size of the “reduced” size 
segment of liver? (2) What techniques are you currently using, 
or are considering using, which might diminish the blood loss 
from the cut surface of the liver? (3) How do you explain the fact 
that there were no incidences of hepatic artery thrombosis in the 
patients with reduced-size grafts? (4) What was the basis for the 
high incidence of second-look procedures in patients who had 
“extensive previous abdominal surgery”? (5) Where are we at 
this point in time with split liver grafts and with living-related 
donor hepatic grafts? Clearly, what would be optimal is devel- 
opment of techniques to be able to use both segments of the liver 
so that two recipients would benefit rather than one. 

You might wonder why a pediatric surgeon was asked to dis- 
cuss this report. Approximately one half of the children who are 
candidates for liver transplantation have biliary atresia. The 
question has been debated regarding the benefit of portoen- 
terostomy vs liver transplantation in children with this difficult 
problem. Although the “cure rate” from portoenterostomy is not 
as good as the 3-year survival with liver transplantation, those 
patients who are cured do not face the potential for graft rejec- 
tion or alterations in hepatic function that may occur with time. 
Also, they are not at risk from the complications of long-term 
immunosuppression. It would be very unfortunate to deny one 
third to half of these infants a chance for cure by portoen- 
terostomy. It has been suggested by some liver transplant sur- 
geons that portoenterostomy is not an effective treatment for 
biliary atresia. I have taken the liberty of obtaining recent pho- 
tographs of some children who are well following portoen- 
terostomy for biliary atresia. 

RICHARD E. WARD, MD, Sacramento, Calif: The authors have 
afforded 16 children the opportunity to have a liver transplant 
and survive, but they’ve also denied 20 people the opportunity 
to have a liver transplant by taking these larger livers and par- 
ing them down to a smaller size. How do they make this deter- 
mination? How do they decide to give the liver to the smaller 
child? And do they have any evidence that the larger child or the 
adult has an equivalent waiting period to that of these smaller 
children? 

DAVID TAPPER, MD, Seattle, Wash: Is your institution evalu- 
ating the possibility of starting living-related transplants? Has 
the early information from Chicago been substantiated? Using a 
reduced graft should diminish the time on the waiting list. Have 
children died on your waiting list as others have shown? Was 
your impetus to begin reduced segment grafts related to deaths 
on your waiting list or referrals to other centers that did split 
grafts? 

DR RUSSELL: This report addresses two important aspects: the 
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problem of organ acquisition in small children and the problem 
of hepatic artery thrombosis. This program was initiated when 
Dr Esquivel was at Pittsburgh and continued after his move to 
the West Coast. This effort must be a real team effort. It has to 
start with true institutional support for the program and it 
touches nearly every department. 

The criteria used to determine the size of the segment used has 
been the ratio between the donor and the recipient. We’ve gone 
up to a ratio of 7:1. We don’t start the operation until we actu- 
ally have the organ available. We know how large the segment 
will be (segments 2, 3, and 4) and then measure it to the poten- 
tial recipient. Often there are several recipients in the hospital to 
make certain that the graft can be used. The livers do swell when 
revascularized and this must be taken into consideration. 

The technique used to diminish blood loss from the cut sur- 
face has been the use of the ultrasonic dissector (cavitron ultra- 
sonic aspirator) with great success. This is all done ex vivo. 
We've used liberally fibrin glue with cryoprecipitate, thrombin, 
calcium, and avotene. Using segments 2 and 3, the falciform lig- 
ament acts as a graft around which we can put the liver for fur- 
ther hemostasis. Why were there no cases of hepatic artery 
thrombosis in the reduced group? An important technical aspect 
is using the supraceliac aorta and Carrel patch to actually anas- 
tomose the vessel into the aorta. Also, the cutdown livers have 
bigger vessels. If the hepatic artery is less than 3 mm in size one 
observes a high incidence of hepatic artery thrombosis. These are 
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obviousiy bigger vessels due to liver size. 

We look upon a second-look procedure as almost a routine 
measure in postoperative care. We feel that’s conservative man- 
agement, ie, to reexplore patients. The Bovie is used extensively. 
There’s been previous surgery in the right upper quadrant with 
extensive adhesions. We have found in these immunosup- 
pressed patients that peritonitis due to bowel perforations, etc, 
would be unrecognized if the patient had not been routinely ex- 
plored. 

As faras living-related donor hepatic grafts are concerned, this 
has been championed by the group at Chicago. There are tech- 
nical preblems when you use both the right and left lobes of the 
liver in split grafts, and we have had no experience using both 
lobes of the liver separated for transplant. As far as using a 
living-related donor, I think as long as the results are good with 
cadaver transplants it’s difficult to put a relative at risk. And 
there has been no difference in the rejection whether a relative 
is used or a cadaver. 

Dr Ward asks if we have denied transplants to some patients 
because we're reducing livers for smaller children. I think that 
many of the larger children fall into a different pool where there 
are doners for the larger children and receive a full liver as op- 
posed tc a reduced-size liver. Yes, there have been some patients 
who have died on the waiting list, but we feel by reducing the 
size of the liver we have been able to offer more of these patients 
transplants. 
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Decortication for Childhood Empyema 


The Primary Provider’s Peccadillo 


Andrew S. Kennedy, MD; Melisa Agness, MD; Leonard Bailey, MD; John J. White, MD, CM 


© Of the 31 children treated for empyema thoracis sec- 
ondary to pneumonitis at the Loma Linda University Med- 
ical Center, Loma Linda, Calif, from 1980 to 1990, 23 
responded to prompt directed antibotic therapy coupled 
with drainage, usually tube thoracostomy. All patients were 
cured clinically; some demonstrated residual pleural reac- 
tion with chest roentgenography or computed tomography 
that resolved over fime. Decortication was necessary in 
eight severely ill children; three required concurrent lung 
resection for abscess. Distinct from the nonoperated group, 
there was a pattern of initial antibiotic trials in these patients 
averaging 6.5 different drugs plus delayed drainage of effu- 
sions. Delay in the initiation of antibiotic therapy was six 
times longer for the operated vs the nonoperated group. 
Delay to tube thoracostomy was 18 days for the decorti- 
cated children compared with 5.4 days for the nondecorti- 
cated children. All eight children responded completely and 
rapidly to their decertications. Roentgenographic changes 
lagged considerably behind the clinical course of the child, 
and computed tomographic scans provided better identifi- 
cation of chest tube placement but little information 
predictive of the need for decortication. Decortication for 
empyema seldom is necessary when a child is treated 
promptly with appropriate antibiotics directed by thora- 
centesis findings, and drainage, usually tube thoracostomy. 
The criterion for decortication is persistent sepsis, not the 
roentgenographic appearance of the chest. 
(Arch Surg. 1991;126:1287-1291) 


A Se pediatric surgical literature is replete with reports 

for and against decortication for childhood empy- 
ema thoracis secondary to pneumonitis. "9 Nonoperative 
management of empyema using timely tube drainage and 
appropriate antibiotic therapy has been championed by 
many as sufficient treatment for essentially all patients.” 
Operative treatment of acute empyema also has its strong 
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proponents.’*"? Election of either mode of therapy in 
these reports may have been biased by the discipline of 
the authors, ie, pediatricians who primarily manage early 
cases compared with surgeons who generally manage es- 
tablished cases from their own institution and those 
referred from without. 

A shift in the bacteriology of childhood empyema 
toward gram-negative and anaerobic organisms has been 
reported during the past decade.” In addition, com- 
puted tomography (CT) of the chest has provided more 
dramatic visualization of the pneumonic lungs and pleu- 
ral space loculations.” We have analyzed the complete 
experience with postpneumonic empyema in children 
during the past decade at our Pediatric Referral Center. 


PATIENTS AND METHODS 


The medical records of all patients with postpneumonic em- 
pyema thoracis treated by the pediatric and surgical services at 
Loma Linda University Medical Center, Loma Linda, Calif, from 
1980 through 1990 were reviewed. All 31 patients presented with 
pneumonie and pleural effusions. There were 19 boys (61.3%) 
and 12 girls (38.7%), with a mean age of 6.5 years (range, 7 weeks 
to 25 years: the oldest patient wasa retarded adult froma pediatric 
institution). Twenty-nine (93.5%) of the 31 patients were fol- 
lowed up completely through January 1, 1991. The families of two 
children moved out of state and were unavailable for follow-up. 

We compared in four major areas those patients not requiring 
decortication with those who needed decortication: 

1. Pathogenic organisms: Infecting organisms were identified as 
those isolated, cultured, and/or Gram stained from pleural fluid 
or bronchial washings. 

2. Promptness of treatment: Time from onset of symptoms to 
initiation of antimicrobial therapy, time to first and subsequent 
closed-tube thoracostomy(s) or thoracentesis, and time to deco- 
rtication were noted. 

3. Clinical course: Responses of the children to their various 
treatment regimens were evaluated with leukocyte counts, fever 
courses, propriety of antibiotic treatment, additional treatments 
beyond antimicrobials, and diagnostic imaging, all from the time 
of admission through long-term follow-up. 

4. Resulis of treatment: The total length of antimicrobial thera- 
pies, recurrences, the need for additional procedures, and 
sequelae were evaluated. 


RESULTS 
Pathogenic Organisms 


Both single-organism empyemas and complex mixed- 
organism empyemas were identified in each group. 
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Table 1.—Bacteriology in Nondecorticated Patients 


No. of 
Patients 


Aerobic/facultative 


























Gram positive 


Staphylococcus 4 
Streptococcus (group A) 3 
Streptococcus pneumoniae 1 


Staphylococcus with Streptococcus 
(group A) 1 


Gram negative 
Pseudomonas aeruginosa 1 
Mixed gram-positive/gram-negative aerobes 


S pneumoniae and Branhamella cattarhalis 1 
Ei kenella corrodens and Staphylococcus 1 
Anaerobic 


Gram positive 
S intermedius 1 
Gram negative 
Klebsiella 1 
Mixed gram-positive/gram-negative anaerobes 
Streptococcus intermedius and Bacteroides 1 
Mixed aerobic/anaerobic 
S pneumoniae and Bacteroides 1 
Unknown/sterile 
Total 





Overall, the nondecorticated group (Table 1) was infected 
with gram-positive cocci either singly (43.5%) or in mixed 
infections (17.4%) for a total of 60.9% of the cases. The in- 
cidence of gram-negative infection singly (8.7%) or in 
mixed infections (17.4%) for this group was 26.1%. 
Unknown or sterile specimens were recovered from seven 
(30.4%) of the 23 nondecorticated patients. Anaerobic in- 
fections accounted for 17.4% of cases and aerobic organ- 
isms for 52.2%. 

The decorticated group (Table 2) was infected by gram- 
positive cocci either singly (25%) or in mixed infections 
(12.5%) for a total of 37.5% of the cases. The incidence of 
gram-negative infection singly (37.5%) or in mixed infec- 
tions (12.5%) was 50%. Unknown or sterile specimens 
were recovered from two (25%) of eight decorticated pa- 
tients. Anaerobic infections accounted for 37% of cases 
and aerobic organisms for 50%. There were no significant 
differences in the distribution of organisms between the 
two groups (P>.05). 


Promptness of Treatment 

Delay by the primary physician in initiating any antibi- 
otic treatment was six times longer for patients undergo- 
ing decortication than for the other patients with empy- 
ema (P<.05). These children waited a mean of 12.8 days 
(range, 3 to 20 days) for antimicrobial treatment to be 
started compared with a mean 2-day wait (range, 0 to 7 
days) for patients with uncomplicated empyemas. When 
tube thoracostomy was required, patients who did not 
undergo decortication waited a mean of 5.4 days (range, 
0 to 17 days) from the initial visit to their physician until 
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Table 2.—Bacteriology in Decorticated Patients 


No. of 
Patients 


Aerob c/facultative 
Gram positive 
Staphylococcus 
Erterococcus (Streptococcus faecalis) 
Gran negative 


Ps2udomonas aeruginosa 


Mixed gram-positive/gram-negative aerobes 


Anaercbic 
Gran positive 
Gram negative 
Bacteroides 
Fusobacterium 
Mixed gram-positive/gram-negative anaerobes 
Mixed aerobic/anaerobic 
Aerooic gram-positive cocci and bacteroides 
Unknown/sterile 
Total 





placement of the first chest tube vs a mean 18-day delay 
(range, 11 to 21 days) in chest tube placement for the 
decortiation group (P<.05). Once a tube was placed, 11 
(55%) of the 20 patients required a second closed-tube 
thoracostomy in about 5 days (range, 0 to 13 days). 
Twelve (52%) of the 23 nondecorticated patients were 
transfer-ed to our pediatric referral center after a mean 
initial treatment period of 4 days (range, 0 to 28 days) 
(P<.05) Six (75%) of the eight decorticated patients were 
transpo-ted to our medical center after a mean initial 
treatment period of 11 days (range, 2 to 22 days) (P<.05). 


Clinical Course 


There were two subsets of patients in the nondecorti- 
cated group based on clinical response; a different but 
homogenous response was seen in those children even- 
tually cecorticated. The 13 nondecorticated children 
(57%) wno improved significantly within 1 week of treat- 
ment were termed prompt responders. The remaining 10 
nondeccrticated patients (43%) showed minimal or no 
improvement within the first week of therapy and were 
termed slow responders. 

Successful treatment of the nondecorticated group was 
evidenced by the return of good health, activity, and ap- 
petite ccinciding with normalization of the white blood 
cell (WBZ) counts and body temperatures in the good re- 
sponders on average by day 7 (range, 2 to 15 days); the 
slow res>onders normalized on average by day 14 (range, 
8 to 23 cays). 

Admission serum WBC counts were not significantly 
different between the slowly responding nondecorticated 
patients (mean WBC count, 14.9 x 10°/L; range, 4.1 x 107/L 
to 29.6 x 10/L) and promptly responding nondecorticated 
patients ‘mean WBC count, 24.3 x 10°/L; range, 1.6 x 10°/L 
to 34.9 10/L). The slow responders in the nondecorti- 
cated group did differ significantly from those in the 
decortice ted group in admission WBC counts (mean WBC 
count, 27.6X10°7/L; range, 19.7x107/L to 39.1x 10°/L) 
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Fig 1.— Chest roentgenogram obtained 2 weeks after initiation of 
antibiotic therapy and tube thoracostomy, just prior to tube 
removal. The clinical state of this slowly responding nondecorti- 
cated patient was normal; the roentgenogram shows only minimal 
improvement. 


(P<.05). Body temperatures were not significantly differ- 
ent for any group. The resulting change in WBC counts 
- during the first 7 days of therapy increased significantly 
(P<.05) in the slowly responding nondecorticated pa- 
tients compared with the promptly responding group, in 
which it decreased. 

The decorticated arcup remained ill significantly longer 
with persistently elevated WBC counts and body temper- 
atures (P<.05) than the nondecorticated group, averaging 
22 days (range, 20 to 27 days) after admission before sig- 
nificant decreases were observed. All decorticated chil- 
dren returned to good health, activity, and appetite 
quickly after operation, usually within 72 hours. All WBC 
counts and body temperatures returned to normal by the 
fifth postoperative day except in one patient whose con- 
dition did not normalize until the 15th day. 

Propriety of Antibiotic Treatment.—The number of 
antibiotics used differed between the nondecorticated 
group and the decorticated group, but not significantly. 
Nondecorticated patients were treated with a mean of 3.6 
different antibiotic courses (range, one to six courses); the 
decorticated patients had a mean of 6.5 courses, (range, 
four to 12 courses). In the slowly responding nondecor- 
ticated group, the mitial antimicrobial therapy was judged 
ineffective as a result of a worsening of the clinical picture, 
including increased leukocytosis and a prolonged or 
increased febrile state. Multiple classes of antibiotics were 
added to the regimens. The remaining 13 (56.5%) of 23 
nondecorticated patients responded positively to the ini- 
tial antibiotic treatment and pleural drainage (the prompt 
responders). 

In all eight decorticated patients, the antibiotic regi- 
mens instituted failed to achieve appreciable clinical im- 
provement prior to operation. Proper antibiotic coverage 
was eventually achieved for the decorticated group, but 


Arch Surg—Vol 126, October 1991 





Fig 2.—Chest roentgenogram of the same patient in Fig 1 at 
discharge. A residual large pneumatocele and atelectasis with 
pleural scarring were still present. The patient was in clinically sta- 
ble condition, with eventual full recovery at home. All significant 
roentgenographic residua resolved over time. 


it was too late to negate the obvious need for decortication 
of the fibrous pleural “peel.” 

Additional Treatment. — Treatment of the 23 nondeco- 
rticated patients included antibiotic regimens coupled 
with one or more closed-tube thoracostomies in 16 
(69.6%) patients and thoracentesis only in six (26.1%) pa- 
tients. One patient with empyema necessitatis in the 
nondecorticated group was treated with antibiotics, clean 
dressing changes, and instrumentation to maintain pa- 
tency of the drainage site; no thoracentesis or closed-tube 
thoracostomy(s) were required. 

Treatment of the eight decorticated patients prior to 
operation included antibiotic regimens coupled with one 
or more closed-tube thoracostomies in four patients (50%) 
and thoracentesis only in the remaining four patients. 

Diagnestic Imaging.—Almost all patients had evi- 
dence of pleural effusions, many loculated. The develop- 
ment of pneumatoceles was common. Diagnostic imaging 
data lagged several weeks behind the clinical course of the 
child in signs of improvement (Fig 1) and provided little 
information predictive of a need for decortication. At dis- 
charge, radiographic findings of disease from consolida- 
tion to small pneumothoraces frequently were evident 
(Fig 2), although the patients were in clinically stable 
condition. All roentgenologic evidence of significant re- 
sidua has resolved with time. Computed tomographic 
scans of the chest were obtained in 13% of the cases. Apart 
from dramatically confirming the empyema previously 
demonstrated by chest roentgenography, they were help- 
ful only in establishing the appropriateness of thoracos- 
tomy tube placement. 


Results of Treatment 


Total antibiotic treatment time was less for the non- 
decorticated group, averaging 22 days (range, 9 to 41 
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days) compared with 40.5 days (range, 19 to 66 days) 
for the decorticated group (P<.05). All 31 patients were 
cured clinically and enjoy full activity. Twenty-nine 
patients have been followed up; two children in the 
nondecorticated group were unavailable for follow-up. 
None has required further procedures, treatments, or 
antimicrobial courses for empyema since discharge. 


COMMENT 


The treatment of postpneumonic empyema has engen- 
dered controversy during the past decade, particularly 
regarding the role of operative intervention. Despite the 
recent trends in the changing populations of bacteria re- 
sponsible for childhood empyemas, which have been 
cited by some to justify early decortication and less reli- 
ance on the traditional antibiotics and drainage manage- 
ment,’>'* the pathophysiology of empyema has remained 
unchanged. 

Empyema, if inadequately treated, progresses through 
three distinct pathologic stages™: (1) In the exudative 
stage, accumulation of thin pleural fluid is accompanied 
by a low WBC count. The pleura and lung are still mobile 
at this point, enabling proper placement of thoracentesis 
needles and/or thoracostomy tubes. This stage only lasts 
24 to 72 hours. (2) In the fibropurulent stage, the exudate 
thickens with concurrent deposition of fibrin and large 
numbers of polymorphonuclear leukocytes onto both 
viceral and parietal pleural surfaces. During this stage the 
lung loses its mobility, becoming trapped by a fibrous 
coating and the formation of walled-off loculations con- 
taining fibrin-leukocyte gel. This process takes place dur- 
ing the succeeding 7 to 10 days; and (3) In the organizing 
stage, fluid resorption occurs, leaving a residuum. Fibro- 
blastic invasion and organization produces a thick pleu- 
ral lung and immobilizes the adjacent chest wall and/or 
diaphragm. Fibroblastic invasion is estimated to occur 
approximately 2 to 4 weeks from onset of pleural effusion. 
Ultimately, capillary ingrowth permits the inflammatory 
“peel” to invade into the outermost cell layers of the lung 
itself. 

Tradition, first suggested by Hippocrates,” provides 
that drainage of the pleural effusion can at times be suf- 
ficient in and of itself. In 1892, Osler (who died in 1919 of 
Haemophilus influenzae empyema) stressed the importance 
of prompt drainage of empyema,” and 1 year later 
Fowler” first decorticated a pleural “peel.” During the 
past 20 years, experience has demonstrated outstanding 
results obtained by prompt pleural drainage, directed an- 
tibiotic therapy, and the reservation of decortication for 
only a select number of patients. 14 

Historically, postpneumonic empyema (in the preanti- 
biotic era) was a product of pneumococcus and strepto- 
coccus species.””*! Second most common was bacterial 
superinfection in the patient with influenza. Anaerobic 
species at that time were estimated to make up only 5% 
to 7% of cases. With the introduction of penicillin in the 
middle 1940s and lasting until the late 1960s, 60% of 
childhood empyemas were due to Staphylococcus aureus, 
30% to gram-negative bacilli, and only 10% to streptococ- 
cal species. Recently, anaerobes and H influenzae infec- 
tions have complicated the treatment of empyema,*”?”! 
leading some to suggest that empyema might better be 
treated by operative intervention as initial treatment 
rather than as a last resort.'*’’ Our series is representative 
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of this growing trend toward gram-negative and anaero- 
bic bacterial postpneumonic empyemas, but not of oper- 
ative therapy. 

Regardless of the responsible pathogen, our study re- 
affirms that the treatment of empyema is time dependent. 
Those patients who received appropriate therapy at initial 
presertation of their pleural effusion did not progress 
past the exudative stage. Unfortunately, for the small 
group of children who required decortication, their effu- 
sion was not recognized early enough, and often ineffec- 
tive artibiotic therapy was continued that suppressed 
symptems sufficiently to further delay institution of 
definit-ve therapy. Several cases clearly were the fault of 
parents who failed to bring their children for follow-up 
appointments; others reflected poor monitoring of the 
clinical progress and/or a sufficiently high index of suspi- 
cion to investigate for a pleural effusion on the part of the 
primar” physicians. 

In vi2w of the increasing incidence of gram-negative 
and anaerobic organisms noted in our series and by oth- 
ers, we believe that the appropriate initial antibiotic ther- 
apy sheuld be broad spectrum. After diagnostic thora- 
centesis, both gram-positive and gram-negative 
antimic-obials should be used. Anaerobic coverage and 
antibiotic adjustments should be dictated by the results 
obtained from cultures of the pleural fluid and the clini- 
cal course of the patient. 

The evaluation of empyema demands consideration 
not onl~ of the cause and duration of the pleural effu- 
sion, but most importantly of the clinical condition of 
the child. Diagnostic imaging data, such as the results 
of computed tomography, ultrasonography, chest 
roentgeaography, and contrast roentgenography (em- 
pyemag-aphy) can aid in characterizing location, vol- 
ume, and extent of invasion into adjacent soft tis- 
sues.~?*78 Often, however, these findings are given too 
much bearing on patient treatment. Our experience 
parallels that of Neff et al” that in the face of signifi- 
cant findings on computed tomographic scan, the 
pleura, with proper drainage, demonstrates a remark- 
able abiEty to heal over time without decortication. 

Ideal treatment of postpneumonic empyema includes 
prompt thoracentesis, with appropriate culture and 
sensitivity testing to direct proper antibiotic therapy. 
Due to aurrent trends in etiology, anaerobic and gram- 
negative coverage is a must in any antibiotic regimen, 
especially in those patients who demonstrate poor ini- 
tial respense to intravenous antibiotic therapy. Drain- 
age of the effusion in the early exudative stage should 
be instituted quickly via large-caliber tube thoracos- 
tomy, especially in those patients whose initial re- 
sponse to therapy is poor. Decortication is necessary 
only in trose cases of the “neglected” patient who has 
progressed to the late fibropurulent/early organizing 
stages. Tre ultimate decision whether to perform deco- 
rtication should not depend on how “good” or “bad” 
the results of computed tomography or chest roentgen- 
ography appear, but on the clinical response of the 
patient. Our experience has been that decortication is 
seldom necessary in the child initially treated properly 
by the pmimary care physician. 

The authors thank Grenith J. Zimmerman, PhD, director of " 
Research aad professor of Biostatistics, School of Allied Health, 
Loma Linda University, Loma Linda, Calif, for her valuable assis- 
tance in preparing the statistical analysis in this report. 
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Discussion 


TIMOTHY G. CANTY, SR, MD, San Diego, Calif: So frequently 
our primary provider colleagues, unfamiliar with our surgical 
heritage, take upon themselves what they consider new treat- 
ments for old and well-established conditions believing they are 
avoiding “painful and dangerous” surgical interventions. This 
often only delays, confounds, and otherwise obfuscates simple 
treatment. It is then that we are called upon to deal with a much 
more difficult situation. If empyema is recognized early, its 
treatment is relatively simple and very successful, namely tube 
thoracostomy and antibiotics, regardless of the etiologic organ- 
ism. If recognition is delayed, however and/or treatment is 
inappropriate, more extensive intervention in the form of deco- 
rtication may be necessary. But it, too, is also very successful, 
regardless of the organism. 

The changing flora in empyema in the past decade does not 
necessarily change the appropriate form of therapy. There are in- 
creasing numbers of gram-negative organisms, most importantly 
the Klebsiella and Haemophilus strains. I would add to these the 
other bizarre organisms, both gram-negative and gram-positive 
that we are seeing as opportunistic infections in our immunocom- 
promised patients, such as those infected with the human immu- 
nodeficiency virus, other immunologic syndromes, and those 
undergoing chemotherapy for malignancy. Here also early tho- 
racentesis for diagnosis and treatment is crucial. 

I wonder if the authors’ subgroup of late responders in fact 
represents delayed treatment in the form of appropriate tube 
drainage and antibiotic institution. I would suspect that if the 
group were submitted to tube drainage and appropriate antibi- 
otic therapy early on, they, too, would be rapid responders. In 
this setting im our institution, decortication has not been neces- 
sary in the past decade. However, there is a new group of pa- 
tients in whom decortication has become important, which is 
very distressing and disturbing. 

The very sick intensive care patient, with an underlying 
disease that is quite variable, who requires prolonged venti- 
lation and paralysis and develops an adult respiratory 
distress—like syndrome, frequently needs repeated chest tubes 
secondary to barotrauma, secondary sepsis, and the like. In 
this group, secondary colonization of these chest tubes and of 
the thorax itself often leads to empyema, bronchopleural fis- 
tulae, and, eventually, a frozen chest. This further compro- 
mises already greatly damaged lungs. In this setting, we have 
been reluctantly called upon for decortication, and I must tell 
you this is a horrendous experience. In this setting, in a 
youngster with multiple chest tubes, empyema, blebs, ab- 
scesses, and the like, decortication often leads to significant 
blood loss and prolonged air leak. Have the authors seen this 
in their setting? 

DR WHITE: In regard to the slow responders in the group who 
did respond ultimately to antibiotics and chest tube thoracos- 
tomy, we did analyze the timing of the placement of the thora- 
costomies. There was no significant difference between the two 
groups, but there was a nearly significant difference in the num- 
ber of courses of antibiotics and in changes of antibiotics to a 
proper regimen. I think the more important aspect was choos- 
ing the proper antibiotics for the group that had mixed flora and 
gram-negative flora. 

Sir William Osler, in his famous textbook of medicine, 
wrote that the treatment of empyema is prompt drainage. He 
was in Oxford after the first World War and developed em- 
pyema. These are the notes of his physician on December 4, 
1919, showing that his white blood cell count was 27 000 
with a shift to the left; a thoracentesis was done and there 
was no streptococcus or pneumococcus noted. His illness 
progressed throughout December. Finally, on the 19th of De- 
cember, he had a limited drainage of his empyema, but it 
was too late because he succumbed to his H influenzae empy- 
ema 3 days later. He died of the very disease that he warned 
us about in his textbook and from failure of prompt and 
adequate drainage. 
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Effect of Donor-Disseminated Intravascular Coagulation 
in Liver Transplantation 


Stephen S. Cheng, MD; C. Wright Pinson, MD; Richard R. Lopez, MD; 
Richard A. Crass, MD; Roderick £. Johnson, MD 


@ It is not known whether disseminated intravascular 
coagulation, present in a large percentage of organ donors, 
affects patient outcome after liver transplantation. We re- 
viewed our first 55 liver transplantations and identified 10 
donors with disseminated intravascular coagulation. We 
compared the perioperative courses of the 10 recipients of 
these transplanted livers with those of 10 matched controls 
whose donors did not have disseminated intravascular co- 
agulation. Disseminated intravascular coagulation recipi- 
ents did not require more blood products during or after 
surgery; their hepatic enzyme levels and prothrombin times 
after surgery were not statistically significantly higher than 
those of the controls. There was no difference in hospital 
stay, number of episodes of rejection, retransplantations, or 
deaths. The presence of disseminated intravascular coagu- 
lation in donors did not adversely affect graft function or 
patient outcome and should not be a sole criterion for re- 
jecting a liver for transplantation. 
(Arch Surg. 1991;126:1292-1296) 


B poria intravascular coagulation (DIC) occurs 

in a large percentage of patients who are potential 
organ donors. Sixty-three of the last 100 organ donors at 
the Pacific Northwest Transplant Bank, Portland, Ore, 
died as a result of trauma. Of these, 17 patients suffered 
gunshot wounds to the head and 46 suffered head inju- 
ries from motor vehicle accidents. Patients with trauma 
and concomitant shock and subsequent massive transfu- 
sions are at risk for development of DIC. It has been es- 
timated that approximately 60% of nonsurvivors of trau- 
matic shock have clinical and laboratory evidence of DIC.’ 
Patients with head injuries and massive systemic release 
of tissue thromboplastin from the brain are especially 
prone to develop DIC. Other factors such as hypothermia, 
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massive tissue injury and rhabdomyolysis, fat emboli, 
extens ve burns, and nontraumatic causes such as sub- 
arachnoid hemorrhage are associated with development 
of severe coagulopathies. As more of these patients are 
successfully resuscitated and subsequently become organ 
donors, more donors with DIC are encountered. 

The 2ffect of the presence of DIC in donors on the sub- 
sequert function of transplanted organs is largely un- 
knowr. Only a small number of recipients of kidney 
transp antation involving donors with DIC are described 
in the iterature. There is a reluctance among transplant 
surgeons to use kidneys from donors with DIC. Shamash 
et al,2 ma recent review, cited a survey in which 41% of 
organ procurement agencies in North America would not 
use organs from donors with DIC. In the same review, the 
authors also cited a 25% overall graft failure using kidneys 
from donors with DIC. The effect of donor DIC on recip- 
ients and transplanted livers requires further study. 

From October 1988 to November 1990, 55 liver trans- 
plantations involving 48 patients were performed at the 
Veterans Affairs Hospital and Oregon Health Sciences 
University in Portland, Ore. We conducted a retrospec- 
tive review of the charts to determine what effects, if any, 
the presence of DIC in liver donors had on graft function 
and eventual outcome of recipients after transplantation. 


MATERIALS AND METHODS 


The caarts of the 55 donors were reviewed. In donors with 
clinical 2vidence of bleeding requiring multiple blood product 
transfusions, DIC screening tests had been performed. These 
included platelet counts, fibrinogen levels, prothrombin time 
(PT), and either the latex-agglutination test for fibrin degradation 
products (FDPs) or the D-dimer test. Ethanol gel was occasion- 
ally used to test for the presence of fibrin monomer, and the re- 
sults were expressed as either positive or negative. The values 
for FDP were interpreted as positive if they were greater than 
40 mg/Lof serum. Results of the D-dimer test were positive if the 
values were greater than 200 ng/mL of serum. A donor was de- 
fined as having DIC when any of the tests for fibrin monomer 
or FDP were positive, and in addition, at least two of the follow- 
ing three criteria were satisfied: platelet count less than 
150 x 10'/L, PT greater than 15 seconds, and fibrinogen level less 
than 1.= g/L. 

Once donors with DIC were identified, the records of recipi- 
ents of their livers were then reviewed. Both the perioperative 
course and the eventual outcome were examined. The patients’ 
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Disseminated Intravascular Coagulation 
COOL 
Donor No. Age. y/Sex COD Hospital Days 












1 16/F GSW/head % 
2 18/M GSW/head % 
3 19/M Fall/CHI 3 
4 22/M MVA/CHI 1 
5 297/F MVA/CHI 2 
6 25/M GSW/head 1 
7 29/F MVA/CHI W 
8 30/F MVA/CHI 1 
9 FYM MVA/CHI 2 
10 ÆN MVA/CHI v2 





rhage; and SH, subdural hemorrhage. 


preoperative and posteperátive levels of serum bilirubin, aspar- 
tate aminotransferase {AST), alanine aminotransferase (ALT), 
lactate dehydrogenase, and alkaline phosphatase; PT; fibrinogen 
level; and postoperative bile output from the T tubes were 
recorded daily for the first week and on days 14 and 21. Intra- 
operative and postoperative blood product use was recorded in 
the first week. Intraoperative blood product use was divided into 
packed red blood cells, fr2sh frozen plasma, platelets, and cry- 
oprecipitate before removal (preanhepatic phase) and after im- 
plantation (neohepatic phase) of the liver. The length of hospi- 
tal stay (from transplantation to discharge), number of episodes 
of rejection, need for xetransplantation, and eventual mortality 
were also recorded. 

These recipients were then compared with a control group of 
an equal number of recipients whose donors did not have DIC. 
All the donors who did not have DIC had normal coagulation 
screening test results and did not have clinical evidence of 
bleeding. The two groups of recipients were matched as closely 
as possible for their preoperative United Network for Organ 
Sharing status, for dates of operation, and for diagnoses. The 
perioperative courses and eventual outcomes of the control 
group were examinec and compared with those of the DIC- 
recipient group. Student’s ł test and analysis of variance were 
used to compare the values. 


RESULTS 


Ten of the 55 donors were identified as having DIC (Ta- 
ble 1), of whom five had positive D-dimer test results. Of the 
remaining five donors with positive results on FDP or 
ethanol-gel test but not on D-dimer test, three had abnor- 
malities of all other variables, ie, increased PT and decrease 
in both fibrinogen and platelet counts. Another had ele- 
vated PT and decreased platelet count, but normal fibrino- 
gen level, while the last patient from this group had 
decreased fibrinogen and platelet counts, but normal PT. All 
ten donors with DIC had clinical bleeding and received 
multiple units of bloed product during their hospitalization. 

Mean (+SD) age of the 10 donors with DIC was 26+9 
years, with a range of 16 to 44 years; all had severe head 
injuries primarily from gunshot wounds or motor vehicle 
accidents. Mean control donor age was 27+12 years, with 
a range of 13 to 54 years; cause of death was again severe 
head injury, primarily from motor vehicle accidents or 
intracranial hemorrhage. Mean hospital stay for donors 
with DIC (1.2+0.9 days) was similar to that for the con- 
trols (2.2+1.6 days). Tne liver function test results before 
transplantion were similar between the groups of donors: 
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. be Table 1.—Donor Data* A» 








Controls 
Horr... .he0»] eww. ee eF 
Donor No. Age, y/Sex COD Hospital Days 

















11 13/F MVA/CHI 1% 
12 15/M MVA/CHI v2 
13 20/M MVA/CHI va 
14 20/F MVA/CHI A 
15 23/M MVA/CHI 1% 
16 25/F CH v2 
17 25/F Hypoxia 3 
18 33/M SH 3 
19 40/M SH 2 
20 54/F CH 5 







*COD indicates cause of death ; GSW, gunshot wound; MVA, motor vehicle accident; CHI, closed head injury; CH, cerebral hemor- 


mean bilirubin, 15+10 wmol/L vs 12+9 pmol/L; mean 
AST, 67+46 U/L vs 42+25 U/L; mean ALT, 75+160 U/L vs 
27+13 U/L; mean alkaline phosphatase, 57+19 U/L vs 
88+61 U/L. Mean white blood cell count was 10.4+ 
3.8 x 107/L vs 15.2+7.9 x 109/L, and mean PT was 29.8+ 
42.3 vs 12.8+0.8 seconds. The difference in platelet count 
between donors with DIC (88+41 x 10%/L) and controls 
(255+93 x 10°/L) was statistically significant (P<.01). 

Liver biopsy was performed at the time of the retrieval 
operation in 13 of the 20 donors: five from the DIC group 
and eight from the control group. One liver from the DIC 
group showed focal coagulation necrosis and one from 
the control group showed focal periportal mixed inflam- 
matory infiltrates. There were no diagnostic abnormalities 
found in the remaining 11 livers. 

Recipient data are listed in Table 2. Mean age of recip- 
ients of livers from donors with DIC (39+9 years) was less 
than that in the control group (54+5 years) (P<.01). Date 
of operation was equally distributed over a 2-year period 
in the two groups. Preoperative status based on United 
Network for Organ Sharing criteria was almost identically 
distributed in each group. Diagnoses were similar be- 
tween the two groups. Preoperative liver function test re- 
sults were similar between the groups of recipients (Table 
3). Six of the control liver recipients had previous abdom- 
inal operations, whereas in the DIC recipient group three 
had undergone previous operations. 

The mean total liver ischemia time was similar between 
groups (920+74 minutes for DIC vs 922+65 minutes for 
controls). Recipients of the DIC group received similar 
amounts of packed red blood cells, fresh frozen plasma, 
platelets, and cryoprecipitate intraoperatively in both the 
preanhepatic and neohepatic phases and in the first week 
after surgery as the control recipients (Table 4). 

Postoperative laboratory and functional hepatic vari- 
ables shown in Table 3 were analyzed using analysis of 
variance. Recipients in both groups had similar PTs after 
surgery. Levels of AST, ALT, and lactate dehydrogenase 
in the DIC recipients in the immediate postoperative pe- 
riod were higher than in the controls, but did not reach 
Statistical significance. The amounts of bile output from 
the T tubes, serum bilirubin, alkaline phosphatase, and 
fibrinogen were similar between groups. 

The median hospital stay for the DIC recipient group 
was 29 days (range, 13 to 352 days), and for the control 


Liver Transplantation—Cheng et al 1293 







Table 2.—Recipient Data* 


Disseminated Intravascular Coagulation 


ee ee 


Patient Preoperative 


No. Age, y Transplant Date Statust 


10/29/88 
3/18/89 
5/9/89 
6/29/89 
9/12/89 
1/17/90 
3/31/90 
4/7/90 
5/7/90 
7/5/90 


Diagnosis 


O ON DOD UV fF UVU N 


= 
© 





Controls 


pN 


Patient Preoperative 


No. Age, y Transplant Date Status 


10/28/88 
1/22/89 
9/21/89 

12/19/89 
1/12/90 
3/23/90 
1/31/90 
4/18/90 
5/8/90 

11/12/90 


Diagnosis 


U wi a a oe a l A 


*FHF indicates fulminant hepatic failure; CAH, chronic active hepatitis; PSC primary sclerosing cholangitis; BC, Budd-Chiari; AC, al- 


coholic cirrhosis; and PBC, primary biliary cirrhosis. 
tStatus based on United Network of Organ Sharing criteria. 


Table 3.—Recipient Laboratory and Functienal Hepatic Variables* 


Preoperative 
— ee 


DIC Control 


Day 1 
—— —} 


DIC Control 


Day 2 
paea 


DIC Control 
AST, U/L 


ALT, U/L 
LDH, U/L 
Bilirubin, 


wmol/L 
PT, s 


Fibrinogen, 
g/L 


Bile, mL 


Day 3 
or 


DIC Control 





Postoperative 
Day 4 Day 7 Day 14 Day 21 
oO OO ee SO: 


DIZ Control DIC Control DIC Control DIC Control 


*DIC indicates disseminated intravascular coagulation; AST, aspartate amino transferase; ALT, alanine aminotransferase, LDH, lactate 
dehydrogenase; and PT, prothrombin time. Values are expressed as means + Ms. 


group was 41 days (range, 13 to 234 days). In follow-up 
periods ranging from 3 to 29 months there were six epi- 
sodes of acute rejection in five patients in the DIC group 
and eight episodes in seven patients in the control group. 
All were successfully treated medically, with none requir- 
ing retransplantation. One patient in the DIC group 
required retransplantation 7 months after surgery, due to 
recurrence of hepatitis B. There were two late deaths in 
each group, one due to sepsis and another due to recur- 
rent hepatitis B in each, ata mean of 8 months after trans- 
plantation. 


COMMENT 


Due to improved surgical techniques, postoperative 
care, and immunosuppression, liver transplantation has 
evolved from an experimental procedure to a standard, 
routine treatment for end-stage liver disease. As the 
number of transplant operations steadily increases, opti- 
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mized use of organs from the limited donor pool becomes 
increasngly more important. The goal of donor hepatic 
selection criteria is to reliably identify adequately func- 
tioning grafts. Only well-founded exclusionary criteria 
should be used. 

Crite-ia for selection of liver donors have not been uni- 
versally accepted. Despite recent attempts to identify do- 
nor anc graft variables, such as preoperative liver func- 
tion tes- results, donor age, presence of hypotension, and 
liver ischemia time, that might adversely affect the 
outcome of transplantation, no association of a specific 
donor or graft variable with adverse graft function and 
outcome has been definitely established.*° Hypotension 
and hypoxia are not reliable exclusionary criteria.*’” How- 
ever, donor gender may be a factor in adults but not 
childrem.* Opinions are divided about donor age being 
a factor.>!"2 Certain histologic findings in donors and 
lidocaire metabolism may be markers for outcome.’ 
Length of donor hospitalization may be inversely related 
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Table 4.—Recipient Blood Product Use* 


Intraoperative 


Blood Preanhepatic §Nechepatic Postoperative 
Products, eA pe eaaa 


U DIC Control DIC Control DIC Control 
pRBC 9£2 0.5+0.3 1.2+0.6 
Platelet 15+5 $23. 76 
FFP 1343 4+1 TET 

6+3 0+0 0+0 


“DIC indicates disseminated intravascular coagulation; pRBC, 
packed red blood cells; FF?, fresh frozen plasma; and Cryo, cryo- 
precipitate. Values are expressed as means + SEMs. 





to graft function.” Preservation solution, time, tempera- 
ture, and ABO compatibility are related to outcome. 61115-17 

In theory, DIC represents a donor factor that may ad- 
versely affect the graft. Platelet-rich microthrombi have 
been found in orgams of patients with acute DIC. This is 
most frequently found in the lungs, kidneys, and control 
nervous systems and is thought to produce vasoconstric- 
tion and microvascular thrombosis with resultant is- 
chemia and end organ dysfunction. The incidence of this 
finding is lower in livers and has been reported to be 21% 
to 35%."" Of the five pretransplant donor liver biopsies 
from DIC donors available for review, none showed ev- 
idence of microthrombi. We therefore cannot comment on 
whether microthrombi, if found on donor liver biopsy, 
may adversely affect the graft after transplantation. 

Disseminated intravascular coagulation implies the ac- 
tivation of both thrembin (fibrin clot formation) and plas- 
min (fibrinolysis) enzyme systems. D-dimer (fragment 
DD), when present in the serum, reflects the generation 
of both thrombin and plasmin and has high sensitivity 
(85%) and specificity (97%) for the diagnosis of DIC.” The 
D-dimer test has been widely used only recently. Tradi- 
tional definitions ef DIC use tests for FDP and fibrin 
monomer (ethanol ge! test), along with other laboratory 
variables such as reduced platelet counts, fibrinogen lev- 
els, and antithrombin III levels.” Since D-dimer test 
results are not uniformly available in donor hospitals, we 
used the more traditional FDP test and ethanol gel tests 
in our laboratory defirition of DIC when the D-dimer test 
was not available. These tests have nearly 100% sensitiv- 
ity, but low specificity for DIC. We combined these test 
results with those of PT, fibrinogen levels, and platelet 
counts for our laboratory definition of DIC. Low fibrino- 
gen level has a high specificity (87%) but low sensitivity 
(22%), whereas low platelet count is sensitive (73%) but 
not specific (48%). Prothrombin time by itself has low 
sensitivity and low specificity. The combination of these 
tests, however, yields a good laboratory and clinical def- 
inition, because all 10 of our donors with DIC had 
evidence of severe bleeding that necessitated multiple 
blood product transfusion. In contrast, control donors did 
not have evidence of clinical bleeding. The shorter hospi- 
tal stay in donors with DIC may be indicative of more se- 
vere head injuries sustained by the DIC group, resulting 
in a more prompt diagnosis of brain death. With the ex- 
ception of coagulation studies, there was no difference in 
quantitative liver function test results before surgery be- 
tween these two groups. 

On the recipientside, the preoperative status of the two 
groups was almost identical based on United Network for 
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Organ Sharing classification. The operative dates for both 
groups were distributed equally through the same 2-year 
period, and the operations were performed by the same 
surgeons. Diagnoses were similar. Furthermore, the pre- 
operative results of coagulation studies and liver function 
tests were the same between the two groups. However, 
the mean age of the control group was significantly 
greater than that of the DIC group and may clearly rep- 
resent a confounding variable, because the younger 
group is expected to do better clinically. In addition, twice 
as many control recipients had previous abdominal oper- 
ations than in the DIC group. This is a recognized risk 
factor for severe intraoperative bleeding,” and presents 
the surgeon with greater technical challenge during sur- 
gery. This may account for the slightly greater blood 
product usage in the control group. 

In the neohepatic phase immediately after reperfusion 
of the graft, fibrinolysis and DIC are important contribu- 
tors to ongoing bleeding.» The fact that the DIC recip- 
ients did not receive more blood products than the con- 
trols suggests that livers from DIC donors are not prone 
to ongoing DIC or increased fibrinolysis in the neohepatic 
period. After surgery, the levels of AST, ALT, and lactate 
dehydrogenase in the DIC recipients were comparable 
with those in the control recipients. The grafts from DIC 
donors appeared to function adequately as evidenced by 
a satisfactory bile output and no evidence of fibrinolysis 
or elevated PT. Although some authors report increased 
incidence of rejection and graft loss with greater initial 
graft damage,"' the recipients of DIC donors demon- 
strated nc increase in rejection or graft loss. The length of 
hospital stay after the initial transplant operation is sim- 
ilar, which may reflect similar complication rates. While 
one patient in the DIC group needed retransplantation 
secondary to recurrence of viral hepatitis, there was no 
difference in mortality rate between these two groups. 

Disseminated intravascular coagulation in donors was 
not associated with increased bleeding in the periopera- 
tive and postoperative periods in the recipients, nor was 
it associated with increased episodes of rejection, rates of 
complication, or eventual mortality rate. It was not asso- 
ciated with significantly increased liver enzyme abnor- 
malities or elevated PT in the immediate postoperative 
period. It was not associated with any significant func- 
tional impairment. The presence of DIC in donors should 
not be used as a sole criterion for rejection of a liver for 
transplartation. 


We acknowledge the assistance of Deborah Bowers, RN, Leslie 
Wheeler, EN, MN, and the Pacific Northwest Transplant Bank in 
data collection; and Lane Longworth Foster for preparation of the 
manuscript. 
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Discussion 


RICHARD E. WARD, MD, Sacramento, Calif: We live in a period 
of ever-enlarging transplant waiting lists and what appears to be 
a fixed or perhaps even a shrinking donor pool. It is important 
that transplant surgeons address a means of increasing our abil- 
ities to maximally utilize every organ in every donor whom we 
identify. This study will help aid in this endeavor. We have en- 
countered a bias against the donor with DIC. We see DIC in two 
specific groups of potential donors whom we are asked to eval- 
uate. Tre first are those with severe head injury, either pene- 
trating ər associated with open cranial fractures. These patients 
presumably develop their coagulopathy secondary to circulating 
tissue taromboplastins from the brain. 

The cond group represents those patients with severe mul- 
tiple inguries and massive blood loss who develop their coagu- 
lopathy secondary to hemorrhage, tissue destruction, and con- 
sumpticn of clotting factors. These patients tend to be in hospital 
longer, nave more episodes of hypotension, and have often un- 
dergone cardiopulmonary resuscitation. Have the authors cor- 
related their DIC donors with other significant predonation 
events and measurements such as hypotension, episodes of car- 
diopulmonary resuscitation, blood gas measurements, and 
blood requirements in the donor prior to harvesting? 

In attempting to place organs outside of our own institutions, 
we encaunter two different attitudes toward these types of do- 
nors. Same transplant surgeons will say, “Those organs are at 
severe rsk of being damaged and I don’t want to have anything 
to do wh them.” Others will say, “That sounds like a great or- 
gan, it’sjust in a bad host, and we'll be happy to use it.” It is ob- 
vious that the authors are in the latter category. I would like to 
ask if they have information regarding placement and function 
of otherorgans, such as hearts, kidneys, or pancreata, utilized 
from these donors. 

DAVIC TAPPER, MD, Seattle, Wash: Are you using the same 
postope-ative protocols when the donor had DIC? Also when 
harvesting the organs, do you do anything different in the do- 
nor with DIC? 

Have vou altered your cyclosporine dosage? We have shown 
that cyclesporine injures endothelial cells, which may precipitate 
a clotting cascade. Has your group made any alterations in your 
cyclosparine or steroid dosage? 

DR CEASS: In our center, patients who develop prolonged 
shock ard hemorrhage after trauma are generally excluded as 
donors, 30 I do not have any information for you on that type 
of donor If you use an accurate definition of DIC, most of these 
patients do not have it; rather, it is simply a consumptive coag- 
ulopathy. 

All these donors were multiple organ donors with kidneys at 
least taken in every case; fewer hearts and pancreata were taken. 
At our irstitution, the kidney transplants are done by our urol- 
ogy division, and we asked them to specifically look at these 
kidneys and their function appeared good. 

We ha’e not altered either our method of procurement or the 
postoperative cyclosporine dosage in these patients. 
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Article 


Surgical Resection of Pulmonary Metastases From 
Colorectal Adenocarcinoma 


Special Reference to Repeated Pulmonary Resections 


Masaki Mori, MD; Hirotsugu Tomoda, MD; Teruyoshi Ishida, MD; 
Ak.nori Kido, MD; Reishi Shimono, MD; Tetsuya Matsushima, MD; 
Hiroyuki Kuwano, MD; Keizo Sugimachi, MD 


@ Pulmonary resection of metastatic lesions from colorec- 
tal adenocarcinoma was performed in 35 patients. The cu- 
mulative 5-year survival was 38%. The primary site of can- 
cer was the colon in about hal? of the patients. Patients with 
a solitary metastasis or tumors smaller than 3 cm in diam- 
eter survived longer than did patients with multiple me- 
tastases or tumors larger than 3 cm but the differences were 
not significant. Other factors, including age, sex, histologic 
grade of tumor, location and stage of primary carcinoma, 
location of pulmonary metastases, disease-free interval, and 
type of pulmonary resection, had no apparent influence on 
survival time. The ‘ung was the major site of recurrence 
following pulmonary resection. Seven patients underwent 
two or more pulmonary resections for metastasis from a 
colorectal carcinoma. At the time of last follow-up, four 
patients were alive and free of recurrent disease at 5, 34, 39, 
and 58 months after the second pulmonary resection. These 
data suggest that some patients will survive for a long time 
following pulmonary resect on of colorectal metastases, 
and for highly selected patients, repeated pulmonary resec- 
tion may further extend survival. 
(Arch Surg. 1997 ;126:1297-1302) 


T he lung is the most common extra-abdominal site of 

metastases from colorectal carcinoma. In most cases, 
pulmonary metastases following resection of a primary 
colorectal tumor present as disseminated disease and are 
not amenable to curative therapy.’ However, selected pa- 
tients underwent surgical excision, and the 5-year sur- 
vival rates following resection for pulmonary metastases 
ranged from 9%* to 42%.° To evaluate the merits of pul- 
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monary resection, we retrospectively reviewed the med- 
ical records of our patients who underwent resection of 
pulmonary metastases from colorectal primary tumors. In 
addition, we describe our experience with repeated pul- 
monary resections for patients with metastatic colorectal 
carcinomas. 


PATIENTS AND METHODS 


From 1972 to 1989, 35 patients underwent resection for 
pulmonary metastases from colorectal carcinoma in the Sec- 
ond Department of Surgery, Kyushu University (15 patients) 
or the National Kyushu Cancer Center Hospital (20 patients), 
Fukuoka, Japan. In all patients, the metastatic disease was 
confined to the lung, as noted before the resection. Com- 
puted tomography, echography, and barium enema con- 
firmed the absence of any other distant metastases and the 
presence of satisfactory local control for primary colorectal 
lesions. Data recorded included age, sex, location of tumor, 
histologic grade and stage of primary colorectal adenocarci- 
noma, method of diagnosis of pulmonary metastases, location 
and number of pulmonary metastases, diameter of largest 
resected pulmonary metastases, type of pulmonary resec- 
tions, and postthoracotomy survival. The disease-free interval 
(DFI) between resection of the primary colorectal lesion and 
detection of the first pulmonary metastases was also studied. 
These factors were correlated with survival rate by the 
Kaplan-Meier method. All data relating to the long-term re- 
sults were analyzed using the generalized Wilcoxon’s Rank 
Sum Test. 

Follow-up of all patients was feasible and information was 
also obtained from the clinical records and death certificates. 
In patients with metastases after the first pulmonary resec- 
tion, the metastatic sites were noted on the medical record. 

Seven patients who underwent repeated pulmonary resec- 
tion were further studied for the DFI, which was documented 
in months from the time of the first pulmonary resection to 
the second; the number and size of the second metastatic 
lesions and the type of surgery performed were also re- 
viewed. 


RESULTS 


Table 1 summarizes characteristics of the patients stud- 
ied. Although the primary tumor in most non-Japanese 
patients who underwent pulmonary resections for color- 
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i” lll % 


Age, y 
Median 
Range 
Location of primary tumor 
Right colon 
Left colon 


Rectum 


Histologic grade of primary tumor 
Well differentiated 
Moderately differentiated 


Poorly differentiated 
Stage of primary tumor 

Dukes’ A 

Dukes’ B 

Dukes’ C 






Table 2.—Summary of Information 
__on Pulmonary Metastasis 

















No. of patients 


Method of diagnosis of pulmonary metastasis 


Routine chest roentgenography 28 
Serum carcinoembryonic antigen test 2 
Symptoms 


No. of pulmonary metastasis 


Location of pulmonary metastasis 


Left lung 15 
Right lung 14 
Both 6 


Type of operation 
Partial or wedge resection 18 
Lobectomy 
Lobectomy and partial resection 


Pneumonectomy 


ectal metastases was reported to be in the rectum,** about 
half of the tumors in our patients were in the colon. Six 
patients had a synchronous pulmonary metastasis at 
the time of colorectal surgery, and one patient had a 
synchronous hepatic metastasis. In the other 29 pa- 
tients, the pulmonary metastases were metachronous 
during the follow-up of colorectal carcinoma. Six of 29 
patients had undergone operations for metastases in 
organs other than the lung during the period between 
resection of the primary colorectal lesion and detection 
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Table 3.—Recurrent Sites After the First Pulmonary 
Resection for Metastatic Colorectal 
Carcinoma in 24 Patients 


Recurrent Sites No. of Patients 











Lurg TI 
Local region of primary colorectal cancer 4t 
Lymph nodes (para-aortic and mediastinal) 3 


Liver 


Bram 






Lung and other organs 


*Secend pulmonary resection was done in five of 11 patients. 

tOne patient with liver metastasis and another with local recur- 
rence had undergone resection of the recurrent disease after the 
pulmonary resection. The recurrence was in the lung and a second 
pulmonary resection was performed in these two patients. 
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Fig 1.—Postthoracotomy survival for 35 patients who underwent re- 
section for pulmonary metastases. The cumulative 5-year survival 
rate was 38%. 


of the first pulmonary metastases; four metastases 
were in the liver, one was in the brain, and one was at 
the anastomotic site. 

Table 2 summarizes data on the first pulmonary me- 
tastases. Routine chest roentgenography revealed a pul- 
monary metastasis in 28 patients; in two patients the se- 
rum carcinoembryonic antigen level was elevated, and in 
five patients clinical symptoms (ie, hemosputum in two 
patients; cough in one patient; chest pain in one patient; 
and right-sided paraplegia in one patient) led to roent- 
genographic examination and the diagnosis. 

After the first pulmonary resections were performed, 
the disease recurred in 24 patients; the first site of recur- 
rence was the lung in 11 patients, the local region of pri- 
mary colorectal tumor in four patients, lymph nodes in 
three patients, the liver in two patients, and other sites in 
four patients (Table 3). One patient with liver metastasis 
and one with a local recurrence of primary colorectal can- 
cer had undergone resection for recurrent disease be- 
tween the primary and secondary pulmonary resections. 
At the time of operation for liver or local recurrence, the 
metastasis was restricted to the liver in only one patient 
and to the local area of primary colorectal cancer in one 
other patient. 

The cumulative survival at 5 years was 38% in patients 
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Fig 2.— Survival curves for patients with solitary or multiple pulmo- 
nary lesions. There is ao statistically significant difference. 
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Fig 3.— Survival curves for patients with tumors smaller than 3 cm in 
diameter and 3 cm or larger in diameter. There is no statistically sig- 
nificant difference. 


Table 4.— Summary of Data on Patients Who Underwent Second Pulmonary Resections for Colorectal Metastases 


First Pulmonary Resectiont 


Patient Primary Tumor 


Second Pulmonary Resectiont 


DFI, Follow-up, 


No. Site/Stage* 
Sigmoid/C 
Sigmoid/C 


Operation Site Operation | 


B partial R partial 


R lobectomy 
(lower) and 
partial 


L partial 


Sigmoid/C R lobectomy NED, 5 


(upper) 
L partial 


R partial 


R Partial 
R partial 


NED, 34 
DOD, 36 


R lobectomy NED, 39 | 
(upper) o| 


NED, 58 


Sigmoid/C 
Rectum/C 
Rectum/C 


L partial 
R partial 


Cecum/C L lobectomy 


(lower) 


L partial 


*Stage refers to Dukes’ classification (A, B, or C). 





tDFI indicates drug-free interval; B, both lungs; R, right lung; and L, left lung. 
+Follow-up status trom second pulmonary resections. DOD indicates died of disease; and NED, no evidence of disease. 


who underwent pulmonary resection for metastases from 
colorectal carcinoma (Fig 1). At the time of the last 
follow-up, 18 patients had died. Metastatic adenocarci- 
noma was the cause of death in 17 patients and the 
remaining patient died of causes unrelated to cancer. 
Fourteen patients were alive and well at last follow-up 
without evidence of recurrence. Three patients were alive 
but had a recurrence. 

Figure 2 compares the survival of patients with a soli- 
tary metastasis with that of patients with two or more 
metastases. Figure 3 compares the survival of patients 
with tumors smailer than 3 cm in diameter with that of 
patients whose tumors were larger than 3 cm. Patients 
with a solitary pulmonary metastasis or tumors smaller 
than 3 cm tended to have a better prognosis than other 
patients, but the difference was not statistically signifi- 
cant. The cumulative survival rate for 17 patients with 
DFIs of less than 2 years was 47% at 5 years, whereas sur- 
vival for 18 patients with DFIs of more than 2 years was 
35%, and the difference was not significant. There were 
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also no significant differences in survival rate by age, sex, 
histologic grade of tumor, location of primary cancer, 
Dukes’ stage, location of pulmonary metastasis, and type 
of pulmonary resection. 

Table 4 provides data on seven patients who underwent 
two or more pulmonary resections for colorectal me- 
tastases. Patient 1 underwent hepatic resection and pa- 
tient 3 underwent local resection for recurrences detected 
between the first and second pulmonary resections. 
Before the first pulmonary resection, patients 2 and 3 un- 
derwent hepatic resection for a recurrence. In patient 4, 
liver and lung metastases arising from a colon carcinoma 
were found. The primary lesion and hepatic metastasis 
were treated simultaneously, and the pulmonary resec- 
tion was performed 1 month later. Patient 5 underwent a 
third pulmonary resection 14 months after the second 
one. 

In these seven patients, only two primary tumors were 
rectal carcinomas. The first DFI lasted for more than 
2 years in five patients, with a mean DFI of 26 months 
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(range, 1 to 41 months). As shown in Table 5, patients 1 
and 2 had multiple pulmonary metastases at the time of 
the first pulmonary resection and died of a recurrence within 
1 year after undergoing the second pulmonary resection. The 
other five patients had a solitary metastasis. The second DFI 
lasted less than 2 years in six of seven patients, with a mean 
DFI of 21 months (range, 7 to 62 months). 

At the end of follow-up in these seven patients, three 
had died of a recurrence: two of pulmonary metastases 
and one of brain metastases. The other four patients were 
alive and free of disease at 5, 34, 39, and 58 months after 
the second pulmonary resection. 


COMMENT 


Cases of primary colorectal carcinomas in which the 
metastases are restricted to the lung have been found 
in the rectum in non-Japanese patients. This is consid- 
ered to be the result of venous drainage of the lower 
third of the rectum via the inferior and middle rectal 
veins bypassing the portal system.*° In the present 


Table 5.—Number and Size of Metastatic Tumors and 
Outcome i in Seven Patients 






First Second 
Pulmonary Pulmonary 
Resection Resection 
(aaa, SS, 


No. of Size, 
Tumors cm 















No. of Size, 
Tumors cm 


Patient 


No. Outcome, mo* 


DOD, 8 (lung 
metastases) 


DOD, 10 (brain 
metastases) 


NED, 5 
NED, 34 


DOD, 36 (lung 
metastases) 


NED, 39 
NED, 58 














*DOD indicates died of disease; and NED, no evidence of 
disease. 


study, however, 16 (46%) of 35 tumors were located in 
the cclon. The frequency of colon carcinomas in cases 
of colorectal carcinomas was reported by Wilking et al? 
to be 33% (nine of 27 patients), by Goya et al? to be 
52% (32 of 62 patients), and by Brister et al’ to be 56% 
(52 of 93 patients). Five (31%) of 16 patients in our 
study presented with liver metastases and underwent 
liver resection between the primary colonic operation 
and the first pulmonary resection. The remaining 11 
patien:s (69%) had metastases restricted to the lung. 
Thus, colon carcinomas accounted for a considerable 
percentage of primary tumors in those patients in 
whom the metastatic sites were restricted to the lung. 
In such cases, the malignant cells probably pass 
through the liver and are implanted in the lung. 

The 5-year survival after resection of pulmonary me- 
tastases was 38% in our study. Table 6 lists the survival 
rates of various patients who underwent resection of pul- 
monary metastases.?*”? The range was 9% to 42%, with 
an overall mean of 32%. A number of prognostic factors 
affecting survival after resection for pulmonary me- 
tastases from colorectal carcinomas are summarized in 
Table 6. In the majority of reports, the patient’s age and 
sex, location and histologic grade of the primary carci- 
noma, and location of the pulmonary metastases seemed 
to have no influence on survival after resection for 
pulmorary metastases. Differences were seen in DFI, 
number of pulmonary metastases, size of pulmonary me- 
tastases, stage of primary carcinoma, and type of pulmo- 
nary resection. 

With regard to the type of pulmonary resection for 
metastases, Muhe et al’ reported that survival rates for 
patients after lobectomy were distinctly better than sur- 
vival rates after wedge excisions. However, their cases 
included patients with metastases from different pri- 
mary tumors. In cases of pulmonary metastases from 
colorectal carcinoma only, we are not aware of any 
reports describing significant differences among the 
types of pulmonary resections. We prefer partial or 
wedge resection because some patients may develop 
subsequent metastases requiring further pulmonary re- 
section, as shown in Table 4. Although there is contro- 
versy, DFI (of more or less than 2 years), number of 


Table 6.—Documented 5-Year Survival and Prognostic Factors Influencin ng Survival After Ponary Resection for 
Metastatic Colorectal Carcinoma’ y 


5-Year 
Survival, % 


No. of 


Source, y Patients 


Cahan, et al,’ 1974 

Mountain et al,’ 1978 
McCormack and Attiyeh,"1979 
Wilking et al,* 1985 

Mansel et al," 1986 

Pihl et al," 1987 

Brister et al,” 1988 

Goya et al,? 1989 

Current series 

Total 





Prognostic Factors 
———— SS. eens _s 
Stage of 
Primary 
Carcinoma 


Type of 
Pulmonary 
Resection 


Size of Lung 
Metastases 


*DFI indicates drug-free interval; no, an insignificant factor; and yes, a significant factor. 
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lung metastases (solitary or multiple), and size of lung 
metastasis (smaller or larger than 3 cm) are pertinent 
factors. In the present study, these three factors 
showed no significant relationship, although patients 
with a solitary metastasis and a tumor smaller than 
3 cm in diameter tended to live longer. 

Surgery remains our treatment of choice for patients 
with a metastatic lesion arising from a colorectal carci- 
noma, based on the following criteria: (1) metastatic 
lesions are evident in one organ only and surgical 
resection is feasible: (2) the primary lesion can be con- 
trolled locally; and (3) the patient’s clinical status is 
adequate. Six (21%) of 29 patients with metachronous 
pulmonary metastases had undergone operations for 
metastases in organs other than the lung during the 
period between resection of the primary lesion and the 
first detection of pulmonary metastases. These patients 
had no evident metastatic lesions in the lung at that 
time. There are few reports, to our knowledge, con- 
cerning the surgical treatment of patients with simulta- 
neous liver and lumg metastases. We surgically treated 
one such patient (patient 4, Table 4). Goya et al’ re- 
ported three cases of simultaneous lesions in the liver 
and lung, and serial resection was performed. The op- 
erative procedure was not described. Their patients 
died 8, 8, and 3 months after surgery, while there was 
no evidence of disease in our patient 34 months after 
surgery. The operative procedure we used is expected 
to be established in Japan following joint acceptance by 
major institutions. 

In cases of liver recurrence after previous hepatic 
resection for colorectal carcinoma, some authors have 
determined that aggressive repeated resection of recur- 
rent colorectal metastases confined to the liver might 
be beneficial for selected patients.’*’5 With regard to 
pulmonary metastases, Rizzoni et al'® reported that pa- 
tients undergoing repeated resections of pulmonary 
metastases arising from soft-tissue sarcomas had pro- 
longed survival. There are few reports of repeated pul- 
monary resections for metastases arising from colorec- 
tal cancer.” 

The lung is the main site of recurrence after pulmo- 
nary resection for colorectal metastases. Mansel et al!! 
reported that 16 (52%) of 31 patients in whom the site 
of first recurrenee was known had recurrent lesions 
restricted to the lung. Wilking et al? found that in three 
(11%) of 27 patients, recurrences in the lung and other 
organs eventually were detected. In our study, 11 
(46%) of 24 patients with a recurrence after pulmonary 
resection had recurrent lesions only in the lung, and 
for three other patients, lesions were detected in the 
lung and other organs. Therefore, a considerable num- 
ber of patients seemed to have a recurrence solely in 
the lung. 

In this study, feur of the seven patients were alive and 
well with no evidence of recurrence after the second pul- 
monary resection, and three patients survived for more 
than 3 years. Two patients died of recurrent disease 
within 1 year after the second pulmonary resection. No 
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major operative morbidity was associated with repeated 
pulmonary resections, and there were few technical 
problems from performing repeated pulmonary resec- 
tions. Thus, a second pulmonary resection is feasible and 
safe and can lead to long-term survival for selected 
patients. 


We thank Mariko Ohara for helpful comments. 
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Invited Commenta-y 


In presenting their 35 patients with metastatic tumor to the 
lung arising from colorectal primary tumors, the authors have 
reconfirmed some widely held ideas and set us to thinking 
about one or more new ideas. What they have not done and 
what is really needed is to carry out a prospective, random- 
ized, properly controlled trial on the treatment of tumors 
metastatic to the lung arising from the colon or from other 
primary sites. Since, in the judgment of many, particularly 
those who perform these operations and those who refer pa- 
tients to surgeons who perform them, there is value in sur- 
gical resection of pulmonary metastases in selected patients, 
such a study will probably never be carried out. It just does 
not seem right to deny to a control group of patients an op- 
eration that results in a 38% 5-year cure in the experience of 
the authors and a 65% actuarial 5-year survival rate in our 
own smaller series of patients with colorectal primary tumors 
and operable lung metastases. 

Attitudes and mind-sets to a great degree control the 
thinking of physicians and surgeons in their care of patients 
with the metastasis of malignant neoplasms to the lungs. It 
is not surprising that tumors metastasize to the lungs. The 
pulmonary capillary bed is the first filter encountered by cir- 
culating cells from all tumors except those draining into the 
portal circulation. Even some of those, as evidenced by the 
present series, metastasize to the lungs and not to the liver. 
If some cells get to the lungs and grow there, and there are 
no metastases elsewhere, and the primary tumor has been 
removed, why not try to rid the patient of his or her last re- 
maining evidence of tumor? 

Those contrary-minded physicians reason that if the tumor 
is evident in the lungs, there is, in all likelihood, more tumor 
growing undetected in the lungs or elsewhere and that any 
attack so simpleminded and unsophisticated as surgical 
removal of a few pulmonary metastases is bound to be futile. 
Some go further and argue that if the patient has a good bi- 
ologic relationship with his or her tumor, if it is progressing 
slowly or not at all, then maybe the patient will live a long 
time with no treatment, making surgery unnecessary. Some 
patients can accept the intellectual or even nihilistic ap- 
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proach. Those I see (and we do not operate on everyone) are 
looking for something to be done. This, too, is selection— 
self-selection. 

During the past 20 years we have operated on more than 
200 patients, some more than once, with metastatic tumor to 
the lungs arising from various primary sites. Results of the 
first 134 operations through December 1987 have been pub- 
lished (Arch Surg. 1990;125:1387-1393). Although the number 
of patents in each category is not great, survival at 5 years 
was g-eater than 50% in all patients except those with mela- 
noma and breast primary tumors. 

In tne absence of a controlled series, selectivity becomes 
critica. My criteria, stated briefly, are as follows: (1) all pul- 
monary tumors should be removable, and the intent should 
be curative; (2) the patient should be fit for the planned op- 
eration; (3) the primary tumor should be under control; (4) 
there should be no metastases elsewhere; and (5) there 
shoulc be no other treatment with curative intent available. 
Criteria are particularly strict in patients with breast and mel- 
anome primary tumors. The authors’ criteria seem similar to 
mine although expressed in less detail. 

Thoracic surgeons are not loose cannons who indiscrimi- 
nately and without consultation operate on patients with 
pulmonary metastases. If our patients are not referred by an 
oncologist, we ask an oncologist to see the patient as part of 
the decision-making process. Follow-up is carried out assid- 
uously. | : 

There is a place for operating on patients with metastatic 
tumor -o the lungs. As the authors and others have demon- 
strated. there is even a place for operating on some patients 
more tnan once. As is true in most surgery for malignant 
neoplasms, the trick is to know which patients will be helped 
by ope-ation or any other treatment, including no treatment 
at all, and which will not. This is where good clinical science 
and soand judgment are so important. 

JAMES B. D. MARK, MD 
Stanford, Calif 
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Salvage of Hemodialysis Access in Infected 
Arteriovenous Fistulas 


Kevin McMullen, MD; Daniel Hayes, MD; John L. Hussey, MD; J. Philip Boudreaux, MD 


è Infection combined with additional complications of ar- 
teriovenous fistulas is a serious threat to access in patients 
with upper-extremity polytef (polytetrafluoroethylene) 
grafts. We present three cases of infected access grafts that 
were treated with systemic antibiotics, excision of the 
grafts, and primary anastomosis of the arterialized vein to 
artery for access salvage. The new arteriovenous fistulas 
were used immediately, preventing interruptions in hemo- 
dialysis regimens. This technique of immediate reconstruc- 
tion allows the surgeon to utilize the arterialized outflow 
vein and save other sites of access for future use. 
(Arch Surg. 1991;126:1303-1305) 


urrently, more than 100000 people in the United 
States have end-stage renal disease. The standard 
therapy is renal transplantation. However, more than 
70% of these people are patients who are undergoing 
long-term hemodialysis, and access must be available and 
reliable. 

The Brescia-Cimino fistula (Cimino) continues to be the 
gold standard for long-term dialysis, provided the patient 
has adequate vessels for construction.' Various configu- 
rations of arteriovenous fistula (AVF) formation have 
been utilized and studied,” as has the use of subclavian 
and femoral catheters. At our institution, the alternative 
of choice is a polytef (polytetrafluoroethylene [PTFE] 
[Gore-Tex], W. L. Gore & Associates, Elkton, Md) forearm 
loop graft that utilizes the proximal radial or brachial ar- 
tery and the cephalic, antecubital, or basilic vein. 

We present three cases of multiple graft complications 
and a technique of immediate reconstruction for access 
salvage that allows immediate use of the newly created 
AVF. 


REPORT OF CASES 


CASE 1.—A 66-year-old white man had a history of renal car- 
cinoma, right nephrectomy, left partial nephrectomy, and sub- 
sequent end-stage renal disease. In July 1987, a Cimino fistula 
was initially constructed on the left forearm. After revision of the 
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Cimino fistula, a left forearm AVF was constructed with the use 
of an 8-mm PTFE graft between the brachial artery and antecu- 
bital vein. Five months later, a warm erythematous area was 
present over the anterolateral aspect of the graft. Treatment with 
systemic antibiotics was started, and with the use of local anes- 
thesia, the proximal sections of each limb of the graft were ex- 
cised through an incision in the antecubital fossa. A primary 
anastomosis was performed end to side with the use of the ar- 
terialized cephalic vein and the open brachial arteriotomy. This 
new AVF was utilized 3 days postoperatively without complica- 
tions. The patient continued to receive intravenous antibiotics 
for 7 days. The distal portion of the PTFE graft was removed at 
a later date. Cultures returned positive for Staphylococcus aureus. 

CASE 2.—A 48-year-old black man had end-stage renal disease 
secondary to renovascular hypertension. In November 1986, an 
8-mm PTFE AVF was constructed with the use of the right bra- 
chial artery and the basilic vein. Twenty-one months after con- 
struction, the patient noted a warm, pulsatile, erythematous 
mass overlying the proximal arterial limb, 4 cm distal to the 
anastomotic site. Treatment with systemic antibiotics was 
started, and with the use of local anesthesia, the pseudoaneu- 
rysm and graft were excised entirely by using radially placed in- 
cisions over five separate areas of the graft. To close the arteri- 
otomy, the arterialized basilic vein was primarily reanastomosed 
end to side to the brachial artery (Figure). The new fistula was 
utilized on the first postoperative day, while therapy with sys- 
temic antibiotics was continued for 1 week. Cultures from the 
pseudoaneurysm yielded S aureus, but blood cultures were neg- 
ative. 

CASE 3.—A 49-year-old white woman had end-stage renal 
disease secondary to sclerosing glomerulonephritis. In March 
1984, a 6-mm PTFE graft was used to create a fistula between the 
left brachial artery and the cephalic vein. The graft became 
infected 4% years later. Initial treatment included systemic an- 
tibiotics and placement of a right subclavian vein double-lumen 
catheter (Quinton) for dialysis access. One week later, the infec- 
tion had resolved, but the left forearm graft was thrombosed. 
With the use of local anesthesia, a left upper-arm fistula was 
created by dividing both graft anastomoses and reanastomosing 
the arterialized cephalic vein end to side to the brachial artery. 
The old graft was removed at a later date. The new AVF was uti- 
lized 2 days postoperatively without complications. 

Follow-up shows that all three reconstructions were function- 
ing well at up to 36 months postoperatively, without complica- 
tions. 


COMMENT 


Complications associated with hemodialysis AVFs 
most commonly include infection, outflow obstruction, 
and thrombosis, as well as pseudoaneurysm formation 
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Pseudoaneurysm of polytef (polytetrafluoroethylene [Gor-Tex] fistula shows anatemy of original graft (inset). Graft was completely excised, 
and a new arteriovenous fistula was constructed by end-to-side anastomosis of the medial cubital vein to the brachial artery. 


and circulatory problems, such as arterial steal and 
ischemia of the distal limb. Any of these can lead to loss 
of the access site, and only a limited number of sites are 
available. Although the Cimino AVF remains the fistula 
of choice, PTFE grafts in the upper extremities have 
proved their worth with excellent flow and long-term pa- 
tency rates. Steed et al’ showed a 5-year 53% patency rate 
with PTFE grafts, including revisions. Haimov et al* con- 
cluded that infections were more threatening to the 
patient when associated with xenograft fistulas, espe- 
cially at the brachial artery level. Subsequent brachial ar- 
tery ligation incurs the increased risk of limb ischemia. 
The infection rate for primary AVFs is less than 3% per 
year compared with that for PTFE which is variably pub- 
lished between 5% and 25% per year. 

In favor of autogenous fistulas other than a Cimino fis- 
tula, Kherlakian et al’ reiterated the decreased incidence of 
complications, such as infection, pseudoaneurysm, 
venous hypertension, and vascular steal, in radial- 
cephalic AVFs compared with that in PTFE grafts. Dagher® 
reported an 8-year patency rate of 70% for end-to-side ba- 
silic vein to brachial artery fistulas. In view of these data, 
we constructed three such grafts in the face of complica- 
tions, namely, infection and pseudoaneurysm formation, 
with excellent results and no loss of hemodialysis time. In 
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addition, this technique allows the previous arteriotomy 
to be ut lized, avoiding the need for primary closure and 
the risk of stenosis and possible distal ischemia. 

With -hese considerations in mind, the three cases pre- 
sented represent a method by which to maintain access in 
the face of graft infection or other complications. We uti- 
lized th= brachial artery in all three cases because expo- 
sure was at hand with the arteriotomy already present. It 
may be worthwhile to consider the use of the proximal 
radial artery as advocated by Majeski,’ to avoid the risk of 
limb iscnemia by sparing the ulnar artery, ie, the domi- 
nant arterial supply to the hand. Blood flow from the ra- 
dial artery is still adequate for dialysis. 

In this small series, we saw no difference in initial out- 
come or long-term function whether the entire graft was 
removed at the time of initial operation or at a later date, 
so long as adequate antibiotic coverage was maintained. 

Nsoul et al reviewed 133 episodes of bacteremia in 112 
patients who were undergoing dialysis. They concluded 
that shunt or fistula infection was the most common cause 
of bacte-emia in this population, and Staphylococcus was 
the most common organism that was cultured. Cultures 
from tw of the three cases in our series also yielded S au- 
reus, reimforcing the need for early, adequate antibiotics in 
these cases. 
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Management of pseudoaneurysms can also be handled 
by excision of the involved segment of graft and the use 
of bridge grafts as illustrated by So.? However, this would 
necessitate two new anastomoses in an infected field, 
whereby our method utilizes one anastomosis proximal to 
the site of infection and solves the problem of closing the 
arteriotomy. 

The use of subclavian catheters for access has been re- 
viewed in numerous studies.™ The risks of pneumotho- 
rax, hemothorax, sepsis, and thrombosis of the subcla- 
vian vein appear to outweigh the routine use of 
subclavian catheters, except for emergency dialysis when 
access is not readily available. 

We favor immediate reconstruction with the use of the 
already matured outflow vein when possible to (1) facil- 
itate immediate access, (2) utilize the existing arteriotomy, 
and (3) maintain alternate access sites for future use. We 
would also favor the use of this technique for nonin- 
fected thrombosed fistulas, including cases of chronic 
recurrent thrombosis and when faced with fistulas that 
have required multiple revisions. Utilization of early 
antibiotics, partial or complete graft resection, and pri- 
mary AVF construction by using the brachial artery to ar- 
terialized vein after graft complications occur can provide 

immediate and reliable access in these critically ill pa- 
tients. 


Arch Surg—Vol 126, October 1991 


References 


1. Brescia MJ, Cimino JE, Appel K, Hurwich BJ. Chronic he- 
modialysis using venipuncture and a surgically created arteri- 
ovenous fistula. N Engl J Med. 1966;275:1089-1092. 

2. So SK. Complications of vascular access. In: Manual of 
Vascular Access, Organ Donation and Transplantation. New 
York, NY: Springer-Verlag NY Inc; 1984:71-87. 

3. Steed DL, McAuley CE, Rault R, Webster MW. Upper arm 
graft fistula for hemodialysis. J Vasc Surg. 1984;1:660-663. 

4. Haimov M, Baez A, Neff M, Slifkin R. Complications of arte- 
riovenous fistulas for hemodialysis. Arch Surg. 1975;110:708-712. 

5. Kherlakian GM, Roedersheimer LR, Arbaugh J), Newmark 
KJ, King LR. Comparison of autogenous fistula versus expanded 
polytetrafluoroethylene graft fistula for angioaccess in hemo- 
dialysis. Am J Surg. 1986;152:238-243. 

6. Dagher FJ. The upper arm AV hemoaccess: long-term 
follow-up. J Cardiovasc Surg (Torino). 1986;27:447-449. 

7. Majeski JA. Forearm arterial venous shunt for hemodialy- 
sis. Am Surg. 1985;51:630-631. 

8. Nsouli KA, Lazarus JM, Schoenbaum SC, Gottlieb MN, 
Lowrie EG. Bacteremic infection in hemodialysis. Arch Intern 
Med. 1979;139:1255-1258. 

9. Caruana RJ, Raja RM, Zeit RM, Goldstein SJ, Kramer MS. 
Thrombotic complications of indwelling central catheters used 
for chronic hemodialysis. Am J Kidney Dis. 1987;9:497-501. 

10. Vanherweghem J-L, Cabolet P, Dhaene M, et al. Compli- 
cations related to subclavian catheters for hemodialysis: report 
and review. Am J Nephrol. 1986;6:339-345. 


Hemodialysis Access—McMullen et al 1305 





j 
ù 


Clinical Observaticn 


Recurrent Bronchogenic Cyst 


An Argument for Complete Surgical Excision 


Charles A. Read, MD; Michael Moront, MD, Robert Carangelo, MD; 
Richard W. Holt, MD; Michael Richardson, MD 


è A case of a recurrent bronchogenic cyst in a 42-year-old 
woman 25 years after original resection led to a review of 
the therapeutic modalities for the management of bron- 
chogenic cysts. Recurrence of bronchogenic cysts is a 
reason for complete surgical excision of symptomatic 
bronchogenic cysts at initial presentation. If either asymp- 
tomatic or symptomatic bronchogenic cysts are drained or 
partially excised, long-term follow-up is indicated to detect 
recurrence. 
(Arch Surg. 1991;126:1306-1308) 


peeo cysts are rare, benign, congenital masses 

that develop anomalously from outbuddings of the 
ventral segment of the foregut.’ The location of the cyst 
depends on the embryologic stage of development at 
which the anomaly occurs. Bronchogenic cysts have been 
found in the mediastinum, both in and adjacent to lung 
parenchyma, and in or below the diaphragm.** Manage- 
ment of these anomalies has ranged from expectant 
observation to surgical resection. 

We describe a patient with a bronchogenic cyst recur- 
ring 25 years after original surgical resection. 


REPORT OF A CASE 


A 42-year-old woman presented to the District of Columbia 
General Hospital with new-onset asthma. The patient was 
asymptomatic until 6 weeks before presentation, when she de- 
veloped a nonproductive cough, sore throat, myalgia, and rhi- 
norrhea. All symptoms except the cough resolved spontane- 
ously, but progressive dyspnea on exertion and wheezing 
developed. 

There was no history of allergies, asthma, pneumonia, or to- 
bacco or illicit drug use. She had undergone a thoracotomy 
through the right portion of the chest wall at another hospital for 
excision of a bronchogenic cyst 25 years previously. The surgical 
report described one right mediastinal mass adjacent to the pos- 
terior aspect of the proximal right-lower-lobe bronchus. The ini- 
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tial bronchogenic cyst was excised uneventfully, and no other 
intratho-acic cysts were noted at surgery. 

Results of the physical examination at admission to our insti- 
tution were remarkable only for diffuse wheezing. The chest 
roentgerogram was abnormal, demonstrating a posterior medi- 
astinal mass with a smooth contour (Fig 1). The patient was ad- 
mitted tb the hospital and her bronchospasm was controlled 
with an inhaled B-agonist, anhydrous theophylline, and corti- 
costeroids. 

A computed tomograph of the thorax demonstrated a 7-cm, 
smooth-walled, right mediastinal homogeneous mass poste- 
rior to the distal bronchus intermedius and adjacent to the 
esophagus and pericardium (Fig 2). A barium contrast esoph- 
agograrm showed marked extrinsic compression of the 
midesophagus, with no mucosal abnormalities or diverticula 
(Fig 3). Results of pulmonary function tests indicated a severe 
obstructve defect. Results of flexible fiberoptic bronchoscopy 
were unremarkable. 

The patient underwent a second thoracotomy through the 
right partion of the chest wall for treatment of a suspected 
recurrert bronchogenic cyst. A 7-cm cystic mass was found be- 
tween the esophagus, pericardium, and posterior aspect of the 
right-lower-lobe bronchus. The cyst was excised completely, 
with care being taken to ensure bronchial integrity. The postop- 
erative course was unremarkable. The patient was discharged 
from the hospital 5 days after surgery. Results of pathologic ex- 
aminaticn of the specimen indicated a bronchogenic cyst, con- 
firming -he clinical diagnosis of a recurrent bronchogenic cyst. 
At 6 weeks’ follow-up, the patient was asymptomatic and chest 
roentgemograms showed no evidence of residual mass. 


COMMENT 


Bronchogenic cysts have a varied clinical presentation 
and course. Generally, bronchogenic cysts present in one 
of three ways: as asymptomatic radiographic findings; 
with symptomatic compression of adjacent intrathoracic 
structu-es; or as infectious complications related to the 
cyst. Surgical resection of bronchogenic cysts has minimal 
morbid ty and mortality,‘ and the natural history of bron- 
chogerec cysts is ordinarily benign, suggesting expectant 
management. However, significant morbidity and even 
death kave been reported in adult patients with previ- 
ously asymptomatic bronchogenic cysts.°° Cases of neo- 
plastic degeneration of bronchogenic cysts have also been 
reported.”* Thus, many authors recommend resec- 
tion. >" 

Receat reports have described successful percutaneous 


Recurrent Bronchogenic Cyst—Read et al 





Fig 1.—Posteoanterior (left) and lateral chest roentgenogram (right) demonstrating a smooth, rounded, posterior mediastinal mass (arrows). 


computed tomograph—guided or endoscopic transbron- 
chial needle aspiration of bronchogenic cysts with rela- 
tively short-term follow-up. 4! Respiratory epithelium in 
these cysts remains mtact and is theoretically still capable 
of producing secretions and subsequent complications. 
There has been one report” of a patient who initially un- 
derwent bronchoscapic-guided needle drainage of a bron- 
chogenic cyst. Three years later, the patient developed 
recurrent symptoms and was found to have reaccumu- 
lated fluid in the original cyst. Partial excision and/or the 
newer drainage procedures only palliated symptoms 
caused by the cyst and did not prevent recurrence or ma- 
lignant transformation 

The case we present is particularly interesting because 
it is only the secand reported recurrence of a bron- 
chogenic cyst after previous surgical excision. In 1978, 
Miller et al reported a recurrent bronchogenic cyst 20 
years after incomplete surgical resection. In that patient, 
the cyst was partially excised during the original surgery 
because its intimate association with important vascular 
structures precluded safe complete resection. The most 
likely explanation fer the cyst recurrence in our patient is 
an incomplete resection during the initial operation. Al- 
though the surgical note contained no comment that re- 
sidual cyst tissue remained, only a very small amount of 
epithelial tissue need remain for recurrence. An alterna- 
tive explanation is that a second, unrecognized cyst was 
present at the initial operation. Multiple bronchogenic 
cysts have been previously described by Agha et al," but 
are rare. That both the original cyst and the second cyst 
were in exactly the same location also indicates a true re- 
currence. 
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Fig 2.— Computed tomographic scan with contrasting display of the 
thorax demonstrating a 7-cm, smooth-walled, right-sided posterior 
mediastinal mass inferior to the origin of the right-middle-lobe or- 
ifice and adjacent to the pericardium (arrowheads). 


An important aspect of these cases of recurrent bron- 
chogenic cyst is the time of recurrence—20 and 25 years 
after initial operation. Thus, all patients who undergo 
partial resection or needle drainage of bronchogenic cysts 
should be considered at risk for recurrence for at least 20 
to 30 years. 

The management of symptomatic bronchogenic cysts 
has changed little during the last 50 years, with complete 
surgical resection remaining the definitive treatment. 
Methods of managing asymptomatic bronchogenic cysts 
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Fig 3.— Barium esophagogram showing extrinsic compression ofthe 
esophagus by the cyst (arrowhead). 
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continue to be controversial. Complications may develop 
at times remote to the initial asymptomatic presentation 
and cause serious morbidity. For this reason, we recom- 
mend =2lective resection. If either asymptomatic or symp- 
tomati bronchogenic cysts are drained or partially ex- 
cised, long-term follow-up is indicated to detect cyst 
recurrence. 
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What 
will you tell her 
about 
screening 
mammography? 


Many of your patients will hear about 
screening mammography through a program 
launched by the American Cancer Society and 
the American College of Radiology, and they 
may come to you with questions. What will 
you tell them? 

We hope you'll encourage them to have a 
screening mammogram, because that, along 
with your regular breast examinations and 
their monthly self examinations, offers the 
best chance of early detection of breast cancer, 
a disease which will strike one woman in 10. 

If you have questions about breast cancer 
detection for asymptomatic women, please 
contact us. 
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Atlas of Esophageal 
Surgery 


By David B. Skinner, 186 pp with illus, 
$125, New York, NY, Churchill Living- 
stone Inc, 1991. 


“A picture shows me at a glance 
what it takes dozens of pages of a 
book to expound.” — Ivan Sergeyevich 
Turgenev (1818-1883) 


An atlas of surgery by one of the 
masters in the field is a treat, espe- 
cially if it is well illustrated and if the 
text is clear and cencise. David Skin- 
ner, certainly one of the world’s au- 
thorities in esophageal surgery, has 
provided us witha crisp, finely drawn 
atlas that reviews the operative ap- 
proaches to the esophagus nicely and 
completely. The boox covers the var- 
ious surgical approaches through the 
neck, chest, and abdomen; provides 
illustrations for the different resec- 
tions for malignancy; and offers a 
good review of reconstructive oper- 
ations. The bypass procedures and 
antireflux repairs are well covered. 
Particularly well done are the chap- 
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ber 17-20, Colorado S>rings, Colo. 


Association for Academic Surgery, No- 
vember 20-23, Colerado Springs, Colo. 
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BOOKS 


ters dealing with strictures, motor dis- 
orders, and esophageal rupture. 

The drawings, all rendered by 
Kathy Hirsh in halftones, are unusu- 
ally clear and are esthetically appeal- 
ing. The layout is well done with 
strong white space and an attractive 
fine black border to delineate the 
graphics. These illustrations would 
have been strengthened significantly 
if each of the structures illustrated in 
the adjoining text was also indicated 
and labeled on the drawings. For ex- 
ample, in the section demonstrating 
esophagectomy without thoracotomy 
(section D, pp 44-45), the difficult high 
ligation of the azygous vein and tho- 
racic duct through the diaphragm is 
noted, but not shown. 

Almost all of the procedures are 
demonstrated with hand-sewn anas- 
tomoses at a time when most sur- 
geons use stapling techniques for 
many of the steps. That approach may 
have been chosen for economy, since 
it would have taken many more il- 
lustrations to show both technologies. 
Certainly, if one were to choose a 
method, it is generally better to draw 
the one with sutures. Even so, the 
text would have been stronger if it 
had included comments on when sta- 


CALENDAR 


December 


Southern Surgical Association, Decem- 
ber 1-4, Hot Springs, Va. 


1992 


February 


Society of University Surgeons, Febru- 
ary 13-15, Cincinnati, Ohio. 


Pacific Coast Surgical Association, Feb- 
ruary 16-19, Kauai, Hawaii. 


March 


Central Surgical Association, March 5-7, 
Madison, Wis. 


Society of Surgical Oncology, March 15- 
18, New York? NY. a 





ples could be used to reduce the 
chances of soiling and perhaps (de- 
pending on one’s bias) to save time. 

The atlas might also have benefited 
from a chapter in which Dr Skinner, 
with his extensive experience, shared 
his thoughts about the perioperative 
and long-term care of these challeng- 
ing patients. What antibiotics does 
he favor? Does he leave a nasogastric 
tube? If so, for how long? How does 
he handle anastomotic leaks? Does 
he have hints regarding the reflux so 
often seen after esophagogastrecto- 
mies? 

These, however, are minor criti- 
cisms, perhaps useful for the second 
edition of the atlas. Overall, Dr Skin- 
ner has provided us with an excellent 
atlas that demonstrates not only his 
contributions but also those of his men- 
tors, Professors Richard Belsey, MD, 
and Edward Churchill, MD. My resi- 
dents were delighted with it, since it 
arrived the afternoon before a sched- 
uled esophagectomy. If their response 
is a guide, this book deserves to be on 
the shelves of every training program 


library. 


WALTER J. PORIES, MD 
Greenville, NC 
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Surgical Infection Society, April 7-9, Los 
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Society of American Gastrointestinal En- 
coscomee Surgeons, April 9-12, Washing- 
ton, DC. 













American Association of Thoracic Sur- 
geons, April 26-29, Los Angeles, Calif. 


Southwestern Surgical Congress, April 
26-29, Scutbadisia Ariz: a j 
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ANNOUNCEMENT 


The ARCHIVES is pleased to announce the appointment of the following distin- 


guished surgeons to its Editorial Board. 





Karen E. Deveney, MD 


At present, Karen E. Deveney, MD, is 
associate professor of surgery, Oregon 
Health Sciences University, Portland, 
Ore. She received an undergraduate de- 
gree from Stanford (Calif) University and 
a medical degree from the University of 
California, San Francisco. Dr Deveney 
completed her surgical residency training 
at UCSF, was a National Institutes of 
Health academic trainee (1974 to 1978), 
and a research associate at the Veterans 
Affairs Medical Center, San Francisco 
(1983 to 1986). 





Bruce E. Stabile, MD 


Bruce E. Stabile, MD, received a BA 
degree from UCLA (1966) and a medical 
degree from UCSF in 1970. He was a res- 
ident in surgery at UCLA (1970 to 1977) 
and is presently chief of the Surgical Ser- 
vice at the Veterans Affairs Medical Cen- 
ter in San Diego, Calif. Dr Stabile is pro- 
fessor of surgery at UCSD School of 
Medicine. 
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Nancy L. Ascher, MD, PhD 


Nancy L. Ascher, MD, PhD, received 
an AB degree from the University of 
Michigan (1970), graduated from their 
nedical school in 1974, and received a 
doctorate from the University of Minne- 
sota in 1985. Dr Ascher completed her 
surgical residency and a transplant fel- 
owship at the University of Minnesota. 
She is currently professor of surgery at 
JCSF and director of the Liver Trans- 
slant Service. 





Andrew L. Warshaw, MD 


Andrew L. Warshaw, MD, received an 
AB degree in 1959 and a medical degree 
n 1963 (magna cum laude) from Harvard 
“Jniversity. Dr Warshaw was a resident in 
zurgery at the Massachusetts General 
Hospital and a National Institutes of 
Health clinical associate and research fel- 
bw in the Section on Gastroenterology at 
the Harvard Medical School. He is pres- 
ently the Harold and Ellen Danser Pro- 
essor of Surgery at the Harvard Medical 
School. 
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Classified Advertising 


All cassified advertising orders, correspondence and payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or related corre- 
spondence to the AMA headquarters in Chicago. This causes needless delay. 
Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, c/o AOS, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
maiksent in care of Archives of Surgery. 


Box 












CLASSIFIED 
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Regular Classified 1 Time 3 times 

or more” 
Cost per word $1.70 $1.55 
Minimum ad: 20 words per issue 


“In order to eam the three-time rate, your ad must be placed 
and prepaid at the same time for thre or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered one 
word, and figures consisting of a dollar sign and 
five numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered 
one word and must appear in all ads. Tele- 
phone number with area code is considered 
one word. When box numbers are used for 
replies, the words "Box —_., c/o AOS" are to be 
counted as three words 


Classified Display 1 Time 3 times 

or more* 
Full page $1,432 $1,245 
Two-thirds page 1,220 1,061 
One-half page 1,002 871 
One-third page 790 688 
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rates. 


Box Service 
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first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
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Closing Date 


The 25th of the secomd month prior to the issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
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P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-985" 813-443-7666 









A. M 
DAE ETA a as, 


d surgeon, 
board-certified or -eligible needed for night and 
weekend calls. Small-town living. Send CV to: P.O. 
Box 21405, Roanoke, VA 24018. 


GENERAL SURGEON: Immediate opening for 
BC/BE general surgeon to join solo surgeon in beau- 
tiful northwest Florida community. Send CV: Box 
#932, c/o AOS. 


METROPOLITAN PITTSBURGH — Excellent oppor- 
tunity to join BC general surgeon practicing at 350- 
bed modern medical center. Busy practice based at 
two offices with stable support staff. Competitive 
salary and benefits package leading to partnership. 
Attractive small-town location convenient to award- 
winning public schools and affordable housing, with- 
in thirty minutes of downtown Pittsburgh, one of 
America's "most liveable cities". Please contact: 
Kelly McMahon, Vice President, Specialty Recruit- 
ment Services, Daniel Stern and Associates, 211 
North Whitfield Street, The Medical Center East, 
Suite 240, Pittsburgh, PA 15206-3039. 


GENERAL SURGEON - Washington. The Moses 
Lake Clinic, a multi-specialty clinic in central Wash- 
ington, is seeking a BE/BC general surgeon. Modern 
clinic and 50-bed hospital facilities. Guaranteed 
salary and partnership track available. Excellent ben- 
efit package. Family oriented community with a large 
rural service area. Abundant four-season recreation- 
al opportunities. Contact: Terry Coplin, 840 Hill 
Avenue, Moses Lake, WA 98837. (509) 765-0216. 


GENERAL SURGEON 


An innovative health care organization is seeking-general sur- 
geons to service communities in rural southern West Virginia. 
Competitive salary and fringe benefits are offered. A desire 
and willingness to meet the challenges of present day health 
care delivery in rural setting is a must. Part-time and 
full-time positions are available. Arrangements may also be 
made to accommodate continued residence autside West 
Virginia. Send confidential resume and inquiries to: 


Box #931, c/o AOS. 


GENERAL SURGEON: Marshfield Clinic, a 400- 
physician, dynamic multi-specialty private group prac- 
tice, is seeking BE/BC general surgeons to join its 
expanding regional centers in Chippewa Falls and 
Park Falls, Wisconsin. Only a phone call away from 
the "hub" clinic and colleagues, practice in the cen- 
ters offers autonomy yet the support of the large 
group practice. Each position offers the combination 
of exceptional practice opportunities with the highest 
quality of life, including an abundance of recreational 
choices and excellent school systems. Chippewa 
Falls is ideally located between the urban area of 
Minneapolis/St. Paul and the woods, lakes and cot- 
tages of the northwest part of the state. Park Falls 
offers a location among almost one million acres of 
scenic public land and is only an hour from the beau- 
tiful Upper Peninsula of Michigan and Lake Superior. 
If the combination of professional excellence and the 
highest quality of living appeals to you, please send 
CV and three references to: Lee A. Hilgart, Assistant 
Director, 1000 North Oak Avenue, Marshfield, WI 
54449. Or call: (800) 782-8581, Extension 3725. 

























NORTHEAST NEW YORK - Vascular Surgeon. 
Excellent independent practice opportunity for a 
BC/BE fellowship trained vascular surgeon. CVPH 
Medical Center, a 420-bed regional referral hospital, 
offers a generous incentive package. One in three 
coverage schedule. Plattsburgh offers an ideal fami- 
ly environment and is located at the edge of Lake 
Champlain, within one hour of the Olympic-Lake 
Placid region and Montreal. For more details or to 
view a video of the hospital and community, contact: 
Hannah Hanford, Box 1656, Plattsburgh, NY 12901. 
(518) 643-2998. 











_ Professional Opportunities 
UROLOGIST — Board-certified/-eligible for anticipat- 
ed vacancy at 225-bed general medical, surgical and 
psychiatric VA Medical Center. Excellent opportunity 
to practice quality patient care with good fellow staff 
and without many hassles of private practice. Poplar 
Bluff is located in scenic southeast Missouri Ozark 
Foothills, has one of the lowest cost of living in U.S., 
good local schools and ample outdoor recreational 
opportunities. Comprehensive benefits such as low 
cost health/life insurance, retirement plan with 401(k) 
option and thirty days vacation/fifteen days sick 
leave per year. Please contact: Chief of Staff, VA 
Medical Center, Poplar Bluff, MO 63901. EOE. 


GENERAL SURGEON 
Opportunity for qualified physician to join two general 
surgeons in a well-established multi-specialty group. 


Ochsner Clinic of Baton Rouge offers a competitive 
salary with excellent fringe benefits program. Send CV 
to: Ochsner Clinic of Baton Rouge, Physician Recruit- 
ing, 16777 Medical Center Drive, Baton Rouge, LA 
70816. Or call: (800) 488-2240. 


GENERAL SURGEON - Preferably with interest in 
colon and rectal surgery to join or take over busy 
practice in southwest Florida. Call: (813) 772-1666; 
or evenings, (813) 337-7021. 





Are you a Surgeon 
looking for 


The World's Best 
Kept Secret 


Are you looking for challenging and out- 
standing opportunities for professional 
growth? Do you value a good school sys- 
tem, low crime rate, clean air and un-sur- 
passed scenic beauty? Then St. Mary's 
Hospital in Pierre, South Dakota is what 
you are looking for. 


Nestled in the rolling hills along the Mis- 
souri River, Pierre offers a wide range of 
recreational activities. If you enjoy the out- 
doors, you will love Lake Oahe which 
offers boating, sailing and trophy fishing. 
Pierre is famous for its excellent waterfowl, 
pheasant and antelope hunting. 


If you are a board-certified or -eligible 
surgeon and interested in joining a busy 
practice in this warm friendly community of 
15,000, and a service area of 40,000, then 
come join our growing active medical staff 
at St. Mary's Hospital in Pierre, South 
Dakota. Enclose vitae. 


Vern Schuetzle 
Physician Recruitment 
P.O. Box 218 
Pierre, SD 57501 
(605) 224-9223 


or 


James Russell 
Administrator 
St. Mary's Hospital 
800 East Dakota, Pierre, SD 57501 
(605) 224-3158 





SS ES oe os EY 
PLEASE NOTE - Address replies to box number 


ads as follows: Box number 
P.O. Box 1510, Clearwater, FL 34617. 


, c/o AOS, 
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~ Professional Opportunities 


GENERAL/VASCULAR SURGEON: Two-person 


Surgical group seeks a U.S.A. trained BC/BE sur- 
geon with general and vascular surgery and endo- 
scopic experience. Growing northeast Wisconsin 
community, stable economy and three progressive 
hospitals having all medical services available. 
Excellent location for outdoor activities and easy 
access for travel. Excellent salary and benefits lead- 
ing to partnership. Send CV to: Box 930, c/o AOS. 


GENERAL SURGEON 


BC/BE general surgeon with thoracic and/or 
vascular interests to join busy, well-established 
four-person surgical group. Well-rounded medi- 
cal community has service area of 100,000. The 
city offers a variety of educational and cultural 


opportunities due to the presence of Cornell Uni- 
versity, and recreational activities are abundent. 
Please send CV to: 


Surgical Associates of Ithaca, P.C. 


1301 Trumansburg Road 
Ithaca, New York 14850 


TIRED OF SKYROCKETING malpractice premiums? 
Come practice in the beautiful state of Indiana with 
the lowest malpractice rates in the country. Join an 
existing, two-physician general surgery group in a 
quaint town of 15,000, only forty-five minutes from 
Indianapolis. Enjoy an extremely successful practice, 
immediately utilizing well-equipped office facility and 
7-year-old, 120-bed hospital. Tremendous financial 
package includes a $100,000 salary plus bonus, ben- 
efits, relocation expenses, and partnership after only 
one year. Send CV or call: Todd Dillon, Jackson and 
Coker, Inc., 115 Perimeter Center Place, Suite 380 
11237, Atlanta, GA 30346. Telephone: (800) 544- 
1987. 


NORTH PLATTE, 
NEBRASKA 


BC/BE general surgeon with vascular interest to 
join or associate with busy group OR go solo with 
coverage and support. Patient base of 100,000; 
progressive 130-bed regional hospital. Extensive 
outdoor recreational activities. Beautiful lakes, 


hunting and fishing. Safe, family-oriented environ- 
ment. Excellent school system and college. Com- 
plete benefit package. 
Marcia Norris 
GREAT PLAINS REGIONAL MEDICAL CENTER 


601 West Leota, North Platte, NE 69103 
(800) 762-7090 


MADISON, WISCONSIN — Dean Medical Center, a 
220-physician multi-specialty group is seeking an 
additional general surgeon to join its nine-member 
department. Position would be based at the East 
Madison Clinic, which is located approximately five 
miles from St. Marys Hospital's 340-bed facility. 
Madison is the home of the University of Wisconsin 
with enrollment of over 40,000 and the state capital. 
Abundant cultural and recreational opportunities are 
available year round. Excellent compensation and 
benefits provided with employment leading to share- 
holder status. For more information, contact: Scott 
M. Lindblom, Physician Recruiter, Dean Medical 
Center, 1313 Fish Hatchery Road, Madison, WI 
53715. Work (608) 252-8022; and home (608) 276- 
8989. An equal opportunity employer. 


BC/BE GENERAL SURGEON needed at 54-bed, 
state-of-the-art facility. The practice is pre-developed 
and supported by a well-established referral base. 
Set in a pristine Missouri River community, the area 
offers a wealth of water recreational activities, excel- 
lent schools, and affordable housing. Tremendous 
financial potential. All interviewing and relocation 
expenses paid by hospital. Send CV or call: Jeff 
Zarr, Jackson and Coker, Inc., 115 Perimeter Center 
Place, Suite 380 11183, Atlanta, GA 30346. Tele- 
phone: (800) 544-1987. 
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VASCULAR, COLON-RECTAL, prasy 
AND GENERAL SURGEONS | 


At the request of three surgical groups located in Peoria, Illinois, 
we are seeking General Surgeons, Colon-Rectal Surgeons, and 
Vascular Surgeons to join these rapidly expanding private prac- 
tices. This is an opportunity to associate with a university affiliated 
teaching hospital. 





















Methodist is a 530-bed teaching hospital affiliated with the Univer- 
sity of Illinois College of Medicine at Peoria. All specialties are rep- 
resented on our Active Staff. Methodist possesses two MRIs, an 
Outpatient Diagnos-ic Unit, a new seven story Physicians’ Plaza, 
and a PET scanner which was installed earlier this year and is now 
operational. 


Peoria, an All-American city with a population of over 120,000 and 
a referral base of 353,000, is located on the Illinois River in scenic 
Central Illinois. There-are numerous sports, recreational, and cultu- 
ral activities availadDB locally with the advantages of Chicago 
and St. Louis less than three hours away, 


Excellent compensa‘ion and benefit packages are being offered. 
lf interested, please submit your CV to: 


Harvey Lightbody 
Vice President of Physician Recruitment 


METHODIST MEDICAL CENTER 


OF ILLINOIS 
221 N.E. Glen Oak Avenue 
Peoria, lilinois 61636 
he Power Of Caring Works Wonders 
1-800-621-8543 

Equal Opportunity Employer 





FAIRFIELD, CONNECTICUT general surgeon seek- umana S 
ing personable partner, BC/BE, to join basy practice. e : 

Send CV: George Longstreth, MD, 325 Reef Road, the right locations. 
Fairfield, CT 06430. 


ATTENTION PHYSICIAN RECRUITERS The "Clas- 
sified Advertising” sections now in all nine AMA Spe- 
cialty Journals target the physician you want. These 





Group, associate and solo opportunities are 
available in a variety of settings. Here are a 
few to pick from: 


highly visible sections put your message ^ the hands General Surgeons Orthopedic Surgeons 
of every specialist that qualifies for your 2rofessional Alabama ~ South Florida 
opportunity, every month. To place the ad of your Central Florida Atlanta, GA (area) 
choice, any size, call toll free: (800) 237-3851; Local Atlanta, GA (area) Chicago, IL 

(813) 443-7666. Neurosurgeons om ms KS 

ME E SRR By SOF ET aie uisa, 

BC/BE GENERAL/VASCULAR SURGEON. Tho- $ Mon'oomer. A Somerset, KY 
racic experience or desire to train. Murti-specialty OMILE TONGA Oakdale. LA 
group. Start 1991 or 1992. Contact: Dawid Manke, Layton, UT Springhill. LA 
MD, West Side Clinic, SC, Post Office 30x 19070, Greenbrier Valley, WV aca ne 
Green Bay, WI 54307-9070. Otolaryngologists eeek T 
GENERAL AND VASCULAR SURGEON to join a tiyap ids Morristown, TN 


busy, four surgeon practice on Long Island, New Corpus Christi, TX 
York. Must have at least one year of vasaular fellow- aog (area) Richlands, VA 
ship. Excellent financial benefits and ealy partner- MNA, + KY Plastic Surgeons 
ship. Send CV to: South Shore Surgical Specialists, Somerset, 








ici Muscle Shoals, AL 
786 Montauk Highway, West Islip, NY 11795. Louisiana 
= P Natchez, MS Urologists 
eth MEEN N F E Layton, UT Denver, CO 
Je poenos Available -37 Bluefield, WV Orlando, FL 
— Pogi —— Available : Greenbrier Valley, WV Augusta, GA 
POSITION AVAILABLE — An eight-persen surgical Orthopedic Surgeons Louisa, KY 
group in a midwestern city of 150,000 has an open- Alabama Ville Platte, LA 
ing for an individual who is board-certifiec or board- Phoenix, AZ College Station, TX 
eligible in thoracic surgery who wishes © practice Central Florida Layton, UT 
general, thoracic and vascular surgery. Send CV 
and inquiries to: Ms. Joan Whitehead, CMA, Suite Call TOLL-FREE reat rica erie et 
501, Doctors Plaza, 611 Harriet Street, Evansville, curriculum vitae to: Manager, Prolessiona 
IN 47710-1781. Relations, Humana Inc., Dept. 00-10, PO. Box 
4438, Louisville, KY 40201-1438. 
PLEASE NOTE -— Address replies to bcx ae af P 
ads as follows: Box number ————— , c/o AOS, =4 
P.O. Box 1510, Clearwater, FL 34617. umana 








The Rhode Island Hospital Department of 
Surgery seeks a Director for the Division 
of Colon & Rectal Surgery. 


The successful candidate must qualify for a 
full-time medical faculty position at the 
rank of assistant or associate professor 

in the Department of Surgery at Brown Uni- 
versity Medical School. If the candidate 
selected is at the rank of associate pro-fes- 
sor, they must have attained a national rep- 
utation and have published in peer review 
journals, 






GENERAL SURGEONS 







@ The Arnett Clinic è 





The Arnett Clinic seeks board eligible/board certified general surgeon. Our surgi- 
cal services and specialty surgical services are expanding! Consider the follow- 


ing: 







© Supported by referrals from our staff of primary care physicians and 
14-county service area. 

@ Two community hospitals with fully equipped surgical facilities are in 
close proximity. 

© Two year salary guarantee. Shareholder status with productivity 
formula and profit-sharing after two years. 

è An excellent fringe benefit package makes this practice setting 
particularly attractive. 


Qualifications include board-certification or 
-eligibility in general surgery, completion 
of a fellowship in colon and rectal surgery, 
laparascopic experience, extensive expe- 
rience in the care of colon and rectal 
patients, and clinical and basic research 
devoted to colon and rectal surgery. 










RIH is a 719-bed voluntary, non-profit gen- 

eral hospital located in Providence and affil- 
iated with Brown University. Send letter of 
application and curriculum vitae to: 






We are located in a thriving community with a stable economy, low crime rate, 
and moderate cost of living. Indianapolis is one hour away and Chicago is two 
hours away. 


nes 


For more information, please submit your C.V. and/or call our personal 
consultant: 






William R. Thompson, MD, Chairman, 
Search Committee 

Department of Surgery 

RHODE ISLAND HOSPITAL 

593 Eddy Street, Providence, RI 02903. 


Letters are to be received no later than 30 
days from the appearance of this advertise- 
ment. Screening will begin on that date and 
continue until a successful candidate is iden- 
tified or the search is closed. 








Susan Moore 

Cejka & Company 

1034 S. Brentwood, Suite 1850 
St. Louis, MO 63417 


1-800 -776-5776 












The Rhode Island Hospital is an equal opportuni- 
ty/affirmative action employer, 
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GENERAL/OCOLOGIC 
SURGEON 





ve 


7 Join The P artner ship The Rhode Island Hospital Department of 


A Surgery is seeking a general/oncologic sur- 
geon. The successful candidate must qualify 
olce for a full-time medical faculty position at the 


rank of assistant or associate profes-sor in 
Southern California Permanente Medical Group sty Medical School I fe pangs oule nea 
(SCPMG) is recognized as the nation’s largest and is at the rank of associate professor, they 
most respected physician-managed, multi-specialty must have attained a national reputation and 
medical group. Our continued growth has created new 
practice opportunities throughout Southern California for: 













published in peer review journals. Qualifica- 
tions include board-certification or 
-eligibility in general surgery, expertise and 
experience in the care of oncologic and gen- 










e General Surgeons e Pediatric Surgeons eral surgery patients, and clinical re-search 
N e Orthopedic Surgeons e Neurosurgeons Savolan to paige surgery. Demonstrated 
ilities as an enthusiastic, effective teacher 
e Vascular Sur geons e Head & Neck Surgeons and leader are essential. RIH is a 719-volun- 
; . tary, non-profit general hospital located i 
We provide you the freedom, technology and resources to focus on quality Providence and ailisted with Brown Univer 
patient care, the collaborative support of knowledgeable colleagues and the sity. 
opportunity tomake a significant contribution to your field. Send letter of application and curriculum 
vitae to: 
Sidney Braman, MD, Chairman 
Search Committee 
Rhode Island Hospital 
Send your curriculum vitae to: Irwin P. Goldstein, M.D., Associate Medical 593 Eddy Street P 
Director, SCPMG, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. Providence, Rhode Island 02903 
1-800-541-7946 Letters are to be received no later than 30 
days from the appearance of this advertise- 
) ment. Screening will begin on that date and 
, VG KAISER PERMANENTE continue until a successful candidate is iden- 
Southern California Permanente tified or the search is closed. 


WZ 
lh i) Medical Group 
Partners Practicing Good Medicine 


The RIH is an equal opoortunity/affirmative 
action employer. 
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Positions Available — 


ASSOCIATE CHIEF OF SURGERY/Associate Resi- 
dency Program Director in this full accredited two 
chief resident department. Yale University School of 
Medicine affiliate. An enthusiastic general surgeon 
with a special interest plus experience in teaching 
and research. Competitive salary and benefits Avail- 
able from January 1992. Send CV: L. Peter Fielding, 
MB, FRCS, FACS, St. Mary's Hospital, 56 Franklin 
Street, Waterbury, CT 06706. (203) 574-6314. Affir- 
mative action/equal opportunity employer. 





Faculty Positions 


SURGERY — The Department of Surgery at a pro- 
gressive, academic urban medical center in the 
northeast is seeking aggressive, well trained plastic, 
vascular, ENT and orthopedic surgeons to develop a 
practice and play an important role in the education 
and training of medical students and surgical resi- 
dents. Hospital will provide attractive package and 
incentives and will assist with practice development. 
Medical school faculty appointment commensurate 
with qualifications. Reply to: Box 691-1, Surgery, 
Gynecology & Obstetrics, 54 East Erie St., Chicago, 
IL 60611. 





Locum Tenens 





LOCUM TENENS GENERAL SURGEONS - Let a 
carefully screened, credentialed, insured colleague 
from the CompHealth locum tenens medical staff 
cover your practice the next time you have to be 
away, or while you recruit a new associate. Comp- 
Health locum tenens — the physician you need, just 
when you need one! Call today: (800) 453-3030. 


RO 


WO 
eneral Surgery 
Locum Tenens 













Medical Doctor Associates 
is a national leader in 
locum tenens staffing. 

Locum tenens physicians 

and assignments 
available now. 


Call David McAnally today: 


1-800-878-3500 










Medical Doctor Associates, Inc. 
Locum-Tenens * Permanent Search 


3495 Holcomb'Bridge Road « Norcross, GA 30092 + (404) 246-9191 


4 
PLEASE ŐTE — Address replies to box number 


»adsasfollows: Box number ——— , C/O AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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We Target The Physician 
You Want! 


The Archives of Surgery's classified recruitment advertising section is seen 
by precisely the physician you need — general surgeons, plastic surgeons — 
plus other surgical subspecialties. A total targeted physician audience of 
almost 40,000. 


Send your order today. Just complete the coupon below and attach your 
typewritten copy. The nex? available issue is December which closes Friday, 
October 25th. 


The classified rate is $1.7C per word for one issue. For three issues or more, 
the rate is $1.55 per word der issue. Minimum classified ad is 20 words. 


en ee ORDER FORM ---------- 





Please insert my ad ______ times, beginning with the issue 
Place my ad under the heading 
Enclosed is my check for $ to cover full 





payment of my advertising schedule. 


Institution 





Contact Person 





Address 











City | || aS 


Area Code & Telephone Number 





Authorized Signature ——————__——————————————————— 


COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 











Send all copy and payments to: 
ARCHIVES 


Surgery 


Classified Department, >.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 Local (813) 443-7666 


SE 
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due to indicated organisms 


For Intravenous or Intramuscular Use 
(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE INSERT.) 


INDICATIONS AND USAGE EERS 

Treatment: CEFOTAN is indicated for the therapeutic treatment of the following infections when caused 

by susceptible strains of the designated orcanisms: 

Urinary Infections caused by F coli, Kebsiella species (including K 

mirabilis, and Proteus sp (which may include the organisms now called 

rettgeri, and Morganella morganii). l 
Lower Respiratory Tract Infections caused 3y Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and ronpenicillinase-producing strains), Haemophilus influenzae 
(including ampicillin-+esistant strains) Klebsiella species (including K pneumoniae), E coli, Proteus 
mirabilis, and Serratia marcescens." rae 

Skin and Skin Structure Infections caused by Staphylococcus aureus (penicillinase- and nonpenicillinase- 
producing strains), mgd pet yg epidermidis, Streptecoccus pyogenes, Streptococcus species 
excluding enterococci), E coli, Klebsiella ppeumoniae, and Peptococcus* and Peptostreptococcus sp." 
come Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicillinase- 

producing strains), Staphylococcus epidermidis, Streptecoccus species (excluding enterococci), group B 

streptococci, E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 

B ovatus, and B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 

Peptococcus and Peptostreptococcus specias). 

intra-abdominal Infections caused by.£ co#, Klebsiella species sahara be pneumoniae), Strepto- 

coccus species (excluding enterococe’), Bacteroides species (excluding B distasonis, B ovatus, and 

B thetaiotaomicron), and Clostridium ge 

Bone and Joint Infections caused by staphylococcus aureus: 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
Causative organisms and to determine thei- susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are Known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspectedogram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causatve oaganism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cetotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling ef both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

Note: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrctoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity hasmot been noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be potentiated if GEFOTAN is used concomitantly with an aminoglycoside. 
Prophylaxis: The preoperative administration of CEFOTAN may reduce the incidence of certain post- 
operative infections in patients undergoing surgical procedures that are classified as clean contaminated 
or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, transurethral 
surgery, biliary tract surgery, and gastrointzstinal surgery). 

e prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section. CEFOTAN should be administered intravenously after the 
yore of the umbilical cord. 

If there are signs and symptoms offinfeccion, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
Apna contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 


eumoniae), Proteus 
oteus vulgaris, Providencia 


patient has had previous hypersensitivity reactions to c n disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 


allergy, particularly to —. if an altergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 

spectrum antibiotics); therefore, it isimpertant to consider its diagnosis in patients who develop 
in association with antibiotic use 

Treatment with broad-spectrum antibioties may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associatec colitis. 

Mild cases of colitis may respond te-drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranouscolitis produced by C difficile. Other causes should also be considered. 

In common with many other broadspec:rum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or poor nutritional state, the elderly, and patients with cancer. 
Prothrombin time should be monitored and exogenous vitamin K administered as indicated. 
PRECAUTIONS 
General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in overgrowth 
of nonsusceptible organisms. Carefulsuobservation of the patient is essential. If superinfection does occur 
during therapy, appropriate measures shovld be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
purua colitis. 

nformation for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized by 
flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN admintstration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the administ-ation of CEFOTAN. 

Drug Interactions: Although to date mephratoxicity has not been noted when CEFOTAN was given 

alone, it is — that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminog e. 
Dru Test Interactions: A ‘alse positive reaction for glucose in urine may occur with 
Benedict's or Fehlinc’s solution. 

As with other cephalosporins, highsconcantrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine reported. 
Carci Mutagenesis, Impairmen: of Fertility: Although long-term studies in animals have not 


been performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 


standard laboratory tests. 
Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 


CEFOTAN... 
(cefotetan disodium! 


In intra-abdominal and gynecologic infection 


500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. l 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects wereobserved in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. l 
Usage in Pregnancy: Pregnancy Category B: Reproduction studies have been performed in rats and 
monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used ar. pregnancy only if clearly needed. l ; 

Usage in Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution 
should be exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIO 

In clinical studies, thefollowing adverse effects were considered related to CEFOTAN therapy 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). as 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

| ail reactions were reported in 1.2% of patients and included rast (1 in 150) and itching 
(1 in 700). 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

During postmarketing experience with CEFOTAN, agranulocytosis, anaphylactic reactions, fever, 
hemolytic anemia, leukopenia, prolonged prothrombin time with or without bleeding, pseudomembranous 
Colitis, and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

Treatment: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


Prophylaxis: To prevent postoperative infection in clean contaminated or potertially contaminated 

sy a A adults, therecommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

Impaired Renal Function: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 


“Dose determined _ type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the desing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for pan with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usualrecommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 
72 x serum creatinine (mg/100 mL) 


Males: 


Females: 0.9 x value for males 
Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent 


and one-half the usual recommended dose on the day of dialysis. 


Manufactured for 


x STUART PHARMACEUTICALS 





A business unit of ICI Americas Inc. 
Wilmington, Delaware 19897 USA 





Rev. S 05/91 
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Cefotan 


arithmetic. 


more cost-effective 
than cefoxitin"? 
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References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 


to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 


Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing iriidrrmation-issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 
Am J Surg 1988;155(5A):67-70. 


Please see adjacent page for brief summary of prescribing information. 
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Who Speaks for General Surgery? 
G. E. Block 





Surgical Oncology—A Specialty or Just Special?: 
James Ewing Lecture 
O. H. Beahrs 





The Effect of the Angelchik Prosthesis on Esophageal 
and Gastric Function 


G. J. Maddern, J. C. Myers, N. McIntosh, 
F. H. G. Bridgewater, G. G. Jamieson 





Trauma Experience of a Rural Hospital 
L. C. Zulick, P. A. Dietz, K. Brooks 





Depletion of Dietary Arginine Inhibits Growth of Metastatic Tumor 
T. J. Yeatman, G. L. Risley, M. E. Brunson 


Volume 126, Number 11 
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Once for prophylaxis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic dose. 
ROCEPHIN, 1 gm given once prior to surgery” in adults, provides 
effective prophylaxis against infection and is on board throughout the 
perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 to 2 gm given once a day in adults, is the usual 
therapeutic dosage for the following common postsurgical infections: 
lower respiratory tract or skin/skin structure infections due to Staphy/lo- 
coccus aureus, Klebsiella pneumoniae and Proteus mirabilis; urinary 
tract infections due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficacy, economy, ease and generally well tolerated. ROCEPHIN: 1 gm 
once for prophylaxis, once daily for cure. 





Once-a-day 


Rocephini. 


ceftriaxone sodium/ Roche 





Usual adult daily dosage: 1 to 2 gm once a day 


As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1991 by Hoffmann-La Roche Inc. * In contaminated or potentially contaminated Please see adjacent page for summary of product 
All rights reserved. procedures (e.g., vaginal or abdominal information, which includes a list of adverse reactions. 
hysterectomy), and for patients in whom 
infection at the operative site would present 
serious risk (e.g., coronary artery bypass 
graft [CABG] surgery). 
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ROCEPHIN® (ceftriaxone sodium/Roche) 

Before prescribing, please consu t complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT 'NFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 


cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae’, E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci). E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS ‘complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M" moryanii and Klebsiella species (including K. pneumoniae). 


UNCOMPLICATED GON@RAPEA (cervical/urethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains, and pharyngeal gon- 
orrhea caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 

PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph: aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 


species (excluding enterococc ), E. coli, P mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H' influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shurt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS. Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infectioms in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g. vaginal or abdominal hysterectomy) anc in those for 
whom infection at the operative site presents serious risk (e.g., 
during coronary artery bypass surgery). 


Although ceftriaxone has been shown to have been as effective 
as cefazolin in the prevention of infection foliowing coronary artery 
bypass surgery, no placebe-cortrolled trials have been conduct- 
ed to evaluate any cephalespo*in antibiotic in the prevention of 
infection following coronary artery bypass surgery. When admin- 
istered before indicated surgical procedures, a single 1 gm dose 
provides protection from mest infections due to susceptible orga- 
nisms for duration of procedure 


SUSCEPTIBILITY TESTING: Bafore instituting treatment with 
Rocephin, appropriate specimens should be obtained for isola- 
tion of the causative organism and for determination of its suscep- 
tibility to the drug. Therapy may be instituted prior to obtaining 
results of susceptibility testing. 


CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephatosporin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS SERIOUS ACUTE FYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to admin:stration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 


After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate 
to severe Cases, consider management withfluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum Creatinine nave been 
observed, at the recommended cosages, the nephrotoxic potential of Rocephin is similar to that 
of other cepnalosporins. 


Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). There- 
fore, patients with renal failure normally require no adjustment in dosage when usual doses of 
Rocephin are administered, dut concentrations of drug in the serum should be monitored period- 
ically. If evidence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessary in patients with hepatic dysfunction; however. in 
patients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not 
exceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesisvor iow vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitering of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekly)imay be necessary if the prothrombin time is prolonged before or 
during therapy. 


Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential. F superinfection occurs during therapy, appropriate measures 
should be taxen. 


Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 

Rare cases reported of sonographic abnormalities seen in the gallbladder: patients mayalso have 
symptoms of gallbladder diseas3. These abnormalities, variously described as sludge, pre- 
cipitations, echoes with shadows, may be misinterpreted as concretions. Chemical nature of son- 
ographically-detected materal nat determined. Condition appears to be transient and reversible 
upon discontinuation of Roceptin and conservative management. Therefore, discontinue 
Rocephin if signs and symptems Suggestive ef gallbladder disease and/or the sonographic find- 
ings described above develap. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the ciass of the compound, carcinogenicity studies with 
ceftriaxone in animals have net been performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis: Genetic toxicology tasts included the Ames test, a micronucleus test anc a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity inthese studies. 


Impairment of Fertility: Ceftriaxoneproduced no impairment of fertility when given intravenously to 


fats at daily doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
of 2 gm/day. 


PREGNANCY: Teratogenic Effacts Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at dases LP to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotoxicity orteratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose approximately three times the human dose. 

There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not aiways predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. 


ceftriaxone sodium/Roche 





ROCEPHIN® (ceftriaxone sodium/Roche) 


Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction) and Segment II! 
(perinatal and postnatal) studies with intravenously administered ceftr axone, no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnatal 
growth, functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day orless. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have 
been established for the dosages described in the Dosage and Administration section. /n vitro 
studies have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from ser- 
um albumin. Rocephin should not be administered to hyperbilirudinemic neonates, especially 
prematures. 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 


LOCAL REACTIONS — pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (less than 1%) was phlebitis after |.V. administration. 


HYPERSENSITIVITY —rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or Chills 


HEMATOLOGIC — eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less fre- 
quently reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and 
prolongation of the prothrombin time. 


GASTROINTESTINAL — diarrhea (2.7%). Less frequently reported (less than 1%) were nausea 
or vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or 
after antibiotic treatment (see WARNINGS). 


HEPATIC—elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL —elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY — moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS —diaphoresis and flushing were reported oc- 
Casionally (less than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, adecrease 
inthe prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospesm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 


For the treatment of serious miscellaneous infections in children, 
other than meningitis, the recommended total daily dose is 50 to 
75 mg/kg (not to exceed 2 grams), given in divided doses every 
12 hours. 


Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections long- 
er therapy may be required. 


In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be administered with or without a 
loading dose of 75 mg/kg. 
For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 
For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 
When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 
No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis 
patients) and in patients with both renal and hepatic dysfunctions. 
HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 
Vials containing 250 mg, 500 mg, 1 gmor 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2.gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION), 
Also supplied as a sterile crystalline powder as follows: 
ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone. 
Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,’ as follows: 
1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added. 
2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 
NOTE: Rocephin in the frozen state should not be stored above -20°C. 
“Registered trademark of Abbott Laboratories, Inc. 
"Manufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 


ratories, Inc., Deerfield, Illinois 60015. 
Revised: February 1991 


Roche Laboratories 


<> a division of Hoffmann-La Roche Inc. 


340 Kingsland Street 
Nutley, New Jersey 07110-1199 
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Surfak: 
ka 
ae 
the sodium-tfree 
a 
alternative | 
| C i ] 
O LOIACE. 

Now you can recommend a better surgical, and postpartum patients. 
| stool softener. That's because SURFAK® Socium-free formulation. Simple one- 
Ee contains docusate capsule-a-day dose. 
a calcium, a sodium-free Rh aaa | And more affordable. 
| stool softener. ce Von When you 

So your patients INGREDIENT PAE compare, you'll see 

can get gentle, effec- f oxsetor SURFAK® is an alterna- 

tive constipation relief in tive worth recom- 

without added sodium, 10.4 mending to your 

and that makes patients 

sense, especially for 

elderly, hypertensive, 


CAPSULES 2 
PER DAY 





USLE © 1991 The Upjohn Company 
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For 
answers to 
questions 
about 
adolescent 


health... 


AMA Profiles of 
Adolescent Health 
Series 


> Volume One— 


America’s Adolescents: 
How Healthy Are They? 


This volume provides an overview 
of the major issues, including 
mental health, sexual behavior, 
substance use, HIV/AIDS, 
chronic illness, causes of death 
and more. 


Authored by Janet E. Gans, Ph.D., 
in collaberation with Dale A. 
Blyth, Ph.D., Arthur B. Elster, 
M.D., and Lena Lundgren 
Gaveras, M.A. 


> Volume Two—Adolescent 


Health Care: Use, Costs and 
Problems of Access 


This volume presents and inter- 
prets national statistics on the 
use, financing and availability of 
adolescent kealth care services 
including: 


>» Which heal=h care services 


adolescents use 


> Adolescent health insurance status 


> What U.S. families spend on 


adolescent health care 


> Non-financial barriers that limit 


adolescent use of health services 


> Policy options for improving health 


access 


Authored by Janet E. Gans, Ph.D., 
Margaret A. McManus, M.H.S. 
and Paul W. Newacheck, Dr.PH. 





The AMA Profiles of Adolescent 
Health series provides the most 
comprehensive and concise refer- 
ences available on adolescent 
health issues. 


Both volumes are highly readable 
and illustrated with charts and 
graphs that can be easily 
reproduced and incorporated into 
reports, proposals, presentations 
and other educational and 
advocacy materials. 


AMA Profiles of Adolescent 
Health Series: 


Volume One—America’s Adoles- 
cents: How Healthy Are They ? 
OP012690 

Low charter volume price 

AMA Members: $10.00 
Non-members: $12.00 


Volume Two—Adolescent Health 
Care: Use, Costs and Problems of 
Access. OP018091 
AMA Members: 


Non-members: 


$17.00 
$22.00 


To order call toll-free 


1-800-621-8335 


Visa, MasterCard, American Express and 
Optima. Appropriate U.S., state and Cana- 
dian sales tax will be added as applicable. 
$3.50 will also be added for shipping and 
handling for all orders under $35.00. 





(hydrocodone bitartrate 





INDICATIONS AND USAGE: For the relief of moderate to moderately 
severe pain. 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen or 
hydrocodone. 
WARNINGS: 
Allergic-Type Reactions: VICODIN/VICODIN ES Tablets contain sodium 
metabisulfite, a sulfite that may cause allergic-type reactions including 
anaphylactic symptoms and life-threatening or less severe asthmatic 
epi in certain susceptible people. 
Respiratory Depression: At i doses or in sensitive patients, 
hydrocodone may produce dose-related respiratory depression. 
Head Injury and Increased Intracranial Pressure: The respiratory 
ressant effects of narcotics and their capacity to elevate cerebrospi- 
nal fluid pressure may be markedly exaggerated in the presence of head 
injury, other intracranial lesions or a preexisting increase in intracranial 
pressure. Furthermore, narcotics produce adverse reactions which may 
obscure the clinical course of patients with head injuries. 
Acute Abdominal Conditions: The administration of narcotics may 
obscure the diagnosis or clinical course of patients with acute abdominal 
conditions. 
PRECAUTIONS: 
Special Risk Patients: VICODIN/VICODIN ES Tablets should be used 
with caution in elderly or debilitated patients and those with severe 
impairment of hepatic or renal function, hypothyroidism, Addison's dis- 
ease, prostatic hypertrophy or urethral stricture. 
pad Reflex: Hydrocodone suppresses the cough reflex; as with all 
narcotics, caution should be exercised when VICODIN/VICODIN ES Tab- 
lets are used postoperatively and in patients with pulmonary disease. 
Drug Interactions: Patients receiving other narcotic yet eh antipsy- 
chotics, antianxiety agents, or other CNS depressants (including alc 
concomitantly with VICODIN/VICODIN ES Tablets may exhibit an additive 
CNS depression. The use of MAO inhibitors or tricyclic antidepressants 
with hydrocodone preparations may increase the effect of either the 
antidepressant or hydrocodone. The concurrent use of anticholinergics 
with hydrocodone may produce paralytic ileus. 
Usage in Pregnancy: 
Teratogenic Effects: Pregnancy Category C. Hydrocodone has been 
shown to be teratogenic in hamsters when given in doses 700 times the 
human dose. There are no adequate and well-controlled studies in 
pregnant women. VICODIN/ VICODIN ES Tablets should be used during 
pregnancy only if the potential benefit justifies the potential risk to the 
etus. 
Nonteratogenic effects: Babies born to mothers who have been tak- 
ing opioids regularly prior to delivery will be physically dependent. The 
withd sed signs include irritability and excessive crying, tremors, hyper- 
active reflexes, increased respiratory rate, increased stools, sneezing, 
yawning, vomiting, and fever. 
Labor and Delivery: Administration of VICODIN/VICODIN ES Tablets to 
the mother shortly before delivery may result in some degree of er 
tory depression in the newborn, especially if higher doses are used. 
Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions in nursing infants 
from VICODIN/VICODIN ES Tablets, 2 decision should be made whether 
to discontinue nursing or to discontinue the drug, taking into account the 
importance of the drug to the mother. 
Pediatric Use: Safety and effectiveness in children have not been 
established. 
ADVERSE REACTIONS: 
The most frequently observed adverse reactions include light-headedness, 
dizziness, sedation, nausea and vomiting. These effects seem to be more 
prominent in ambulatory than in nonambulatory patients and some of 
these adverse reactions may be alleviated if the patient lies down, Other 
adverse reactions include: 
Central Nervous pera Drowsiness, mental clouding, lethargy, impair- 
ment of mental and physical performance, anxiety, fear, dysphoria, psy- 
chic dependence and mood changes. 
Gastrointestinal System: The antiemetic thiazines are useful in 
suppressing the nausea and vomiting which may occur (see above); 
however, some phenothiazine derivatives seem to be antianalgesic and 
to increase the amount of narcotic required to produce pain relief, while 
other phenothiazines reduce the amount of narcotic required to produce 
a given level of analgesia. Prolonged administration of VICODINVICODIN 
ES Tablets may produce constipation. 
Genitourinary System: Ureteral spasm, spasm of vesical sphincters 
and urinary retention have been reported. 
Respiratory Depression: Hydrocodone bitartrate may produce dose- 
related respiratory depression by ores baiam on the brain stem respi- 
ratory center. also affects the center that controls respiratory 
rhythm, and may produce irregular and periodic breathing. If significant 
respiratory depression occurs, it may be antagonized by the use of 
naloxone hydrochloride. Apply other supportive measures when indicated. 
DRUG ABUSE AND DEPENDENCE: 
VICODIN/VICODIN ES Tablets are subject to the Federal Controlled Sub- 
stance Act (Schedule Ill). Psychic dependence, physical dependence, and 
tolerance may develop upon repeated administration of narcotics; there- 
fore, VICODIN/ VICODIN ES Tablets should be prescribed and adminis- 
tered with caution. 
birsen ay 
Acetamino Signs and Symptoms: In acute acetaminophen over- 
dosage, dose-dependent, potentially fatal nepatic necrosis is the most 
serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and 
thrombocytopenia may also occur. Early symptoms paige a poten- 
tially hepatotoxic overdose may include: nausea, vomiting, diaphoresis 
and general malaise. Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48 to 72 hours post-ingestion. 
Hydrocodone Signs and Symptoms: Serious overdose with 
hydrocodone is characterized by respiratory depression (a decrease in 
respiratory rate and/or tidal volume, Cheyne-Stokes respiration, (cyano- 
sis), extreme somnolence progressing to stupor or coma, skeletal muscle 
flaccidity, cold and clammy skin, and sometimes bradycardia and hypo- 
tension. In severe overdosage, apnea, circulatory collapse, cardiac arrest 
and death may occur. 


i Knoli Pharmaceuticals 
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jie DUM “IN! 
Extra strength pain relief © 


free of extra prescribing 
restrictions. 
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B Telephone prescribing in most states _ 
W Up to five refills in 6 months 
W No triplicate Rx required 


Excellent patient acceptance. 


In 12 years of clinical experience, nausea, sedation and 
constipation have rarely been reported. ' 


COMPARATIVE PHARMACOLOGY OF TWO ANALGESICS 


Constipation Respiratory Sedation Emesis Physical 
Depression Dependence 


HYDROCODONE X 


OXYCODONE XX 





Blank space indicates that no such activity has been reported. Table adapted from Facts and Comparisons 
1991 and Catalano RB. The medical approach to management of pain caused by cancer. Semin. Oncol. 


1975: 2: 379-92 and Reuler JB, et. al. The chronic pain syndrome: misconceptions and management. Ann. A 

Intern. Med. 1980 588-96. Tl S A 
The heritage of VICODIN,” over a billion : 

doses prescribed.’ Yi \N 
e VICODIN ES provides greater central and peripheral eS 


action than other hydrocodone/acetaminophen combinations. Dt Mb Sj 
e Four to six hours of extra strength pain relief from a single dose i LY YALAZAZED 
e The 14th most frequently prescribed medication in America® Tina a ll) ay 


es) i ted 
(hydrocodone bitartrate 7.5mg (Warning: May be habit forming) 
and acetaminophen 750mg) 





Tablet for tablet, the most potent analgesic you ‘can oy a in. 


(hydrocodone bitartrate 5 mg [Warning: May be habit forming] and acetaminophen 500mg) Please see brief summary of prescribing information on adjacent page. 


1. Data on file, Knoll Pharmaceuticals a ` 
2. Standard industry new prescription audit V3029/4-91 61081, BASF KSF Corporation 
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Total Axillary Lymphadenectomy in the Management 


of Breast Cancer 

Gregory M. Senofsky, MD; Frederick L. Moffat, Jr, MD, FRCSC; 
Kevin Davis; Mohammed M. Masri, MD; Kimberley C. Clark, MD; 
David S. Robinson, MD; Braulio Sabates; 

Alfred S. Ketcham, MD, Miami, Fla 


è TAL largely prevents axillary recurrence, eliminates the small staging error inherent in 
partial lymphadenectomy, and has acceptable morbidity. 













Breast Biopsy Techniques and Adequacy of Margins 1343 
John H. Ngai, MD; Gary W. Zelles, MD; Gregory J. Rumore, MD; 
John E. Sawicki, MD; Richard S. Godfrey, MD, Oakland, Calif 
è As the initial biopsy method, lumpectomy more often provides adequate margins and 
may decrease the number of subsequent procedures for breast-conserving surgery. 










Endoscopic Laser Recanalization Is Effective for Prevention 1348 
and Treatment of Obstruction in Sigmoid and Rectal Cancer 
George W. Daneker, Jr, MD; Grant W. Carlson, MD; 
David C. Hohn, MD; Patrick Lynch, MD; Leor Roubein, MD; 
Bernard Levin, MD, Houston, Tex 
@ ELT can safely reestablish and maintain luminal patency in patients with obstructing 
distal cancers. 












Metastatic Melanoma of the Gastrointestinal Tract: Results 
of Surgical Management 

Gregory G. Caputy, MD, PhD; John H. Donohue, MD; 

John R. Goellner, MD; Amy L. Weaver, MS, Halifax, Nova Scotia 


è Although patients with melanoma metastatic to the bowel have a limited life expectancy, 
surgical resection of their disease provides effective palliation. 
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ARCHIVES 


Malignant Melanoma in Black Americans: A Trend Toward 1359 
Improved Survival 

Nancy J. Crowley, MD; Richard Dodge, MS; Robin T. Vollmer, MD; 

Hilliard F. Seigler, MD, Durham, NC 


è Continued emphasis on education and early diagnosis may result in further 
improvement for black patients with melanoma. 





A Prospective Randomized Trial of Perioperative Cefazolin 1366 
Treatment in Axillary and Groin Dissection 

Daniel G. Coit, MD; Margaret Peters, RN; 

Murray F. Brennan, MD, New York, NY 


è After inguinal lymph node dissection, the rate of complications in the antibiotic group 
was 69% compared with 62% in the placebo group. 


Depletion of Dietary Arginine Inhibits Growth 1376 
of Metastatic Tumor 


Timothy J. Yeatman, MD, Houston, Tex; 
Geoffrey L. Risley, MD, Chapel Hill, NC; 
Mathew E. Brunson, MD, Gainesville, Fla 
@ In vitro and in mice, this "nonessential amino acid was needed for tumor growth. 


Oncogene-Mediated Transformation: An In Vitro Model 1387 


for Colon Carcinogenesis 
Susan E. Pories, MD; lan C. Summerhayes, PhD; 
Glenn D. Steele, MD, PhD, Boston, Mass 


@ An in vitro model for colon carcinogenesis is developed to identify the molecular steps 
and accompanying cellular events underlying neoplastic progression in the colon. 


Treatment of Abdominal Malignant Neoplasms Using Regional 1390 
Chemotherapy With Hemofiltration 

James H. Muchmore, MD; Edward T. Krementz, MD; 

R. Davilene Carter, MD; Janet E. Preslan, MS; 

William J. George, MD, New Orleans, La 


@ HICCH has potential utility in treating patients with advanced intra-abdominal 
malignancies. 


Intraoperative Gamma Detection Probe With Presurgical 1398 


Antibody Imaging in Colon Cancer 

Joseph A. Kuhn, MD; Raffael M. Corbisiero, MD; 

Robert R. Buras, MD, Duarte, Calif; 

Robert G. Carroll, MD, Morgan Hill, Calif; Lawrence D. Wagman, MD; 
Latresia A. Wilson, PhD; Dave Yamauchi, MD; Merle M. Smith, RN; 
Russell Kondo; J. David Beatty, MD, Duarte, Calif 


è Clinical uses of the intraoperative probe include identification of occult lesions, 
localization, and verification of complete resection with 111 In-MAB uptake. 
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Lucy Wortham James Basic Research Award: Markers 1404 
of Prostatic Carcinoma 

Gerald P. Murphy, MD, Atlanta, Ga 


® The Lucy Wortham James Basic Research Award. 


Surgical Oncology—A Specialty or Just Special?: 1408 
James Ewing Lecture 
Oliver H. Beahrs, MD, Rochester, Minn 

Continued on page 1325. 
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Paranasal Sinusitis in Burn Patients Following 1411 
Nasotracheal Intubation 
Ben L. Bowers, MD; Gary F. Purdue, MD; John L. Hunt, MD, Dallas, Tex 


è The frequency and morbidity of sinusitis in nasotracheally intubated burn patients does 
not justify the risk of routine conversion to an oral airway. 





Gastric Emptying After Fundoplication With and Without 1414 
Proximal Gastric Vagotomy 

Glyn G. Jamieson, MS, FRACS, FACS; Guy J. Maddern PhD, FRACS; 

Jennifer C. Myers, Adelaide, Australia 


© Proximal gastric vagotomy interferes with reflex pathways involved in the acceleration of 
solid gastric emptying after fundoplication. 
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Glyn G. Jamieson, MD, Adelaide, Australia 


@ The rate of removal of the prosthesis is too high for the routine treatment of 
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Invited Commentary: Roger W. Yurt, MD, New York, NY 
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INDICATIONS AND USAGE 
UNASYN is indicated for the treatment of infections due to susceptible strains of the designated 
microorganisms in the conditions listed below. 
Skin and Skin Structure Infections caused by beta-lactamase producing strains of Staphylococcus 
aureus, Escherichia coli,* Klebsiella spp.* (including K. pneumoniae*), Proteus mirabilis, * Bacteroides 
fragilis, * Enterobacter spp.,* and Acinetobacter calcoaceticus. * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of Escherichia coli, Klebsiella 
spp. (including K. pneumoniae*), Bacteroides spp. (including B. fragilis), and Enterobacter spp.* 
Gynecological Infections caused by beta-lactamase producing strains of Escherichia coli,* and 
Bacteroides spp.* (including B. fragilis*). 
*Efficacy for this organism in this organ system was studied in fewer than 10 infections. 
While UNASYN is indicated only for the conditions listed above, infections caused by ampicillin- 
susceptible organisms are also amenable to treatment with UNASYN due to its ampicillin content. 
Therefore, mixed infections caused by ampicillin-susceptible organisms and beta-lactamase producing 
organisms susceptible to UNASYN should not require the addition of another antibiotic. 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of hypersensitivity reactions to any of 
the penicillins. 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLACTIC) REACTIONS HAVE BEEN RE- 
PORTED IN PATIENTS ON PENICILLIN THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPERSENSITIVITY REACTIONS 
TO MULTIPLE ALLERGENS. THERE HAVE BEEN REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH 
CEPHALOSPORINS. BEFORE THERAPY WITH A PENICILLIN, CAREFUL INQUIRY SHOULD BE MADE CON- 
CERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, AND OTHER 
ALLERGENS. IF AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED AND THE 
APPROPRIATE THERAPY INSTITUTED. 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY TREATMENT WITH EPI- 
NEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING INTUBATION, 
SHOULD ALSO BE ADMINISTERED AS INDICATED. 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive ampicillin develop a skin rash. 
Thus, ampicillin class antibiotics should not be administered to patients with mononucleosis. In patients 
treated with UNASYN the possibility of superinfections with mycotic or bacterial pathogens should be 
kept in mind during therapy. If superinfections occur (usually involving Pseudomonas or Candida), the 
drug should be discontinued and/or appropriate therapy instituted. 
Drug Interactions: Probenecid decreases the renal tubular secretion of ampicillin and sulbactam. 
Concurrent use of probenecid with UNASYN may result in increased and prolonged blood levels of 
ampicillin and sulbactam. The concurrent administration of allopurinol and ampicillin increases 
substantially the incidence of rashes in patients receiving both drugs as compared to patients receiving 
ampicillin alone. It is not known whether this potentiation of ampicillin rashes is due to allopurinol or the 
hyperuricemia present in these patients. There are no data with UNASYN and allopurinol administered 
concurrently. UNASYN and aminoglycosides should not be reconstituted together due to the in vitro 
inactivation of aminoglycosides by the ampicillin component of UNASYN. 
Drug/Laboratory Test Interactions: Administration of UNASYN will result in high urine concentration of 
ampicillin. High urine concentrations of ampicillin may result in false positive reactions when testing for 
the presence of glucose in urine using Clinitest™, Benedict's Solution or Fehling's Solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase reactions (such as Clinistix™ or 
Testape™ ) be used. Following administration of ampicillin to pregnant women, a transient decrease in 
plasma concentration of total conjugated estriol, estriolglucuronide, conjugated estrone and estradiol 
has been noted. This effect may also occur with UNASYN. 
Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term studies in animals have not been 
pertormed to evaluate carcinogenic or mutagenic potential. 
Pregnancy 
Pregnancy Category B: Reproduction studies have been performed in mice, rats, and rabbits at doses up 
to ten (10) times the human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to UNASYN. There are, however, no adequate and well controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. (See—Drug/Laboratory Test Interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous administration of ampicillin 
decreased the uterine tone, frequency of contractions, height of contractions, and duration of contrac- 
tions. However, it is not known whether the use of UNASYN in humans during labor or delivery has 
immediate or delayed adverse effects on the fetus, prolongs the duration of labor, or increases the 
likelihood that forceps delivery or other obstetrical intervention or resuscitation of the newborn will be 
necessary 
Nursing Mothers; Low concentrations of ampicillin and sulbactam are excreted in the milk; therefore, 
caution should be exercised when UNASYN is administered to a nursing woman. 
Pediatric Use: The efficacy and safety of UNASYN have not been established in infants and children 
under the age of 12. 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have been reported. 
tacai Adveree Reactions 

Pain at w iniection site—16% Pain at IV injection site—3% 

Thromdophiebitis—3% 
Systemic Adverse Reactions 
The most fre.,vently reported adverse reactions were diarrhea in 3% of the patients and rash in less than 
2% nf ihe patients. 
Additional svstemic reactions reported in less than 1% of the patients were: itching, nausea, vomiting, 
candid sis, fatigue, malaise, headache, chest pain, flatulence, abdominal distension, glossitis, urine 
-etention. suria, edema, facial swelling, erythema, chills, tightness in throat, substernal pain, 
epis axis mucosal bleeding. 
Adverse Le yoratory Changes 
Advers la) oratory changes without regard to drug relationship that were reported during clinical trials 
were: 

Hevatic: Increased AST (SGOT), ALT (SGPT), alkaline phosphatase, and LOH. 

4ematologic: Decreased hemoglobin, hematocrit, RBC, WBC, neutrophils, lymphocytes, platelets and 

„crease lymphocytes, monocytes, basophils, eosinophils, and platelets. 

Blood Chemistry: Decreased serum albumin and total proteins. 

Renal: Increasod BUN and creatinine. 

Urinalysis: Presence of RBC’s and hyaline casts in urine. 
The following adverse reactions have been reported with ampicillin-class antibiotics and can also occur 
with NASYN 
Sasu..cestinal: Gastritis, stomatitis, black “hairy” tongue, enterocolitis and pseudomembranous 
colitis 
Hypersensi*ity Reactions: Urticaria, erythema multiforme, and an occasional case of exfoliative 
dermatiti, aye been reported. These reactions may be controlled with antihistamines and, if necessary, 
systemic corticosisroids. Whenever such reactions occur, the drug should be discontinued, unless the 
opinion o; the physician dictates otherwise. Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions “an occur with a penicillin (see WARNINGS). 
Hematologic: 12 addition to the adverse laboratory changes listed above for UNASYN, agranulocytosis 
has been resorted during therapy with penicillins. All of these reactions are usually reversible on 
discontin ation of therapy and are believed to be hypersensitivity phenomena. 
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of narcotics and their capacity to elevate cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head injury, other intracranial lesions or 
a preexisting increase in intracranial pressure. Furthermore, narcotics produce 
adverse reactions which may obscure the clinical course of patients with head 
injuries. Acute Abdominal Conditions: The administration of narcotics may 
obscure the diagnosis or clinical course of patients with acute abdominal condi- 
tions. PRECAUTIONS: Caution: Federal law prohibits dispensing without 
prescription. Special Risk Patients: As with any narcotic analgesic agent, 
Lortab 7.5/500 tablets should be used with caution in elderly or debilitated 
patients and those with severe impairment of hepatic or rena! function, hypothy- 
roidism, Addison's disease, prostatic hypertrophy or urethral stricture. The usual 
precautions should be observed and the possibility of respiratory depression 
should be kept in mind. Information for Patients: Lortab 7.5/500 tablets, like all 
narcotics, may impair the mental and/or physical abilities required for the perfor- 
mance of potentially hazardous tasks such as driving a car or operating machin- 
ery; patients should be cautioned accordingly. Cough Reflex: Hydrocodone 
suppresses the cough reflex; as with all narcotics, caution should be exercised 
when Lortab 7.5/500 tablets are used postoperatively and in patients with pul- 
monary disease. Drug Interactions: Patients receiving other narcotic anal- 
gesics, antipsychotics, antianxiety agents, or other CNS depressants (including 
alcohol) concomitantly with Lortab 7.5/500 tablets may exhibit an additive CNS 
depression. When combined therapy is contemplated, the dose of one or both 
agents should be reduced. The use of MAO inhibitors or tricyclic antidepressants 
with hydrocodone preparations may increase the effect of either the antidepres- 
sant or hydrocodone. The concurrent use of anticholinergics with hydrocodone 
may produce paralytic ileus. Usage in Pregnancy: Teratogenic Effects: 
Pregnancy Category C. Hydrocodone has been shown to be teratogenic in 
hamsters when given in doses 700 times the human dose. There are no ade- 
quate and well-controlled studies in pregnant women. Lortab 7.5/500 tablets 
should be used during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. Nonteratogenic Effects: Babies born to mothers who have 
been taking opioids regularly prior to delivery will be physically dependent. The 
withdrawal signs include irritability and excessive crying, tremors, hyperactive 
reflexes, increased respiratory rate, increased stools, sneezing, yawning, vomit- 
ing, and fever. The intensity of the syndrome does not always correlate with the 
duration of maternal opioid use or dose. There is no consensus on the best 
method of managing withdrawal. Chlorpromazine 0.7 to 1 mg/kg g6h, and 
paregoric 2 to 4 drops/kg q4h, have been used to treat withdrawal symptoms In 
infants. The duration of therapy is 4 to 28 days, with the dosage decreased as 
tolerated. Labor and Delivery: As with all narcotics, administration of Lortab 

7 5/500 tablets to the mother shortly before delivery may result in some degree of 
respiratory depression in the newborn, especially if higher doses are used. 
Nursing Mothers: It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the potential 
for serious adverse reactions in nursing infants from Lortab 7.5/500 tablets, a 
decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother. Pediatric 
Use: Safety and effectiveness in children have not been established. ADVERSE 
REACTIONS: The most frequently observed adverse reactions include light- 
headedness, dizziness, sedation, nausea and vomiting. These effects seem to 
be more prominent in ambulatory than in nonambulatory patients and some of 
these adverse reactions may be alleviated if the patient lies down. Other adverse 
reactions include: Central Nervous System: Drowsiness, mental clouding, 
lethargy, impairment of mental and physical performance, anxiety, fear, dyspho- 
ria, psychic dependence, mood changes. Gastrointestinal System: The 
antiemetic phenothiazines are useful in suppressing the nausea and vomiting 
which may occur (see above); however, some phenothiazine derivatives seem to 
be antianalgesic and to increase the amount of narcotic required to produce pain 
relief, while other phenothiazines reduce the amount of narcotic required to 
produce a given level of 1algesia. Prolonged administration of Lortab 7.5/500 
tablets may produce cor ‘ipation. Genitourinary System: Ureteral spasm, 
spasm of vesical sphinc 2rs and urinary retention have been reported. 
Respiratory Depressi n: Hydrocodone bitartrate may produce dose-related 
respiratory depressior 3y acting directly on the brain stem respiratory center. 
Hydrocodone also af cts the center that controls respiratory rhythm, and may 
produce irregular ar periodic breathing. If significant respiratory depression 
occurs, it may be ar igonized by the use of naloxone hydrochloride. Apply other 
supportive measur’ when indicated. DOSAGE AND ADMINISTRATION: 
Dosage should be djusted according to the severity of the pain and the re- 
sponse of the pati it. However, it should be kept in mind that tolerance to 
hydrocodone can ievelop with continued use and that the incidence of untoward 
effects is dose re ited. The usual adult dosage is one tablet every four to six 
hours as needec ‘or pain. The total 24 hour dose should not exceed 6 tablets. 
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The Seventh 
Dr Robert K. Match Distinguished Scholar Program 


CONTROVERSIES IN 
THE MANAGEMENT OF 
BREAST CANCER 


Friday & Saturday, March 6 & 7, 1992 
The Waldorf=Astoria, New York, NY 


The Program: This two-day conference features 
controversial topics in thetreatment and management 
of Breast Cancer; lectures by world-prominent faculty; 
panel discussions and audience interaction. 

Visiting Faculty Includes: Joseph Aisner, MD e 
Professor Michael Baum ¢ John Bostwick, III, MD e 
Steven Feig, MD œ Professor Sir Patrick Forrest e 
Frenk Gump, MD e% Samuel Hellman, MD e I. Craig 
Henderson, MD «James F. Holland, MD ¢ Gabriel N. 
Hortobagyi, MD e David Kinne, MD eœ Charles 
Loprinzi, MD e William A. Maddox, MD œ C. Barber 
Mueller, MD e% PaulH.O'Brien, MD œ David L. Page, 
MD e William P. Peters, MD ¢ Professor Umberto 
Veronesi Program Chairman: Leslie Wise, MD 


Tuition: $350 Accreditation: 16 Category 1 credits 
(inciaudes continental breakfasts, luncheons and all education materials) 


Forinformation: Office of Continuing Education, LIJ, New 
Hyde Park, NY 1 1042;Tel: (718)470-8650or Fax:(51 6)352-4801 


Long Island Jewish The Long Island Campus for the 
Medical Center Albert Einstein College of Medicine 














| Screening Mammography 
Guidelines 
Women with Ne Symptoms 
Age: sie 
j 3539 Baseline 
= 4049 Every 1-2 years 
- §0kup Every yea 












T E : — 


What will you tell her about 
screening mammography? 


Meny of your patients will hear about screening mam- 
mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions. What will you tell them? 

We hope you'll encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will str ke one woman in 10. 

If sou have questions about breast cancer detection for 
asymptomatic women, please contact us. 






AMERICAN Professional Education Dep! American 189! Preston White Dr 
CANCER National Headquarters BCH College of Reston. Virginia 2209! 
SOCIETY ` 90 Park Avenue Radiology (703) 648-8900 

New York. New York 10016 
or your local society 







INSTRUCTIONS FOR AUTHORS 





Manuscripts are to be sent by first-class mail to the Ed- 
itor, Claude H. Organ, Jr, MD, Professor, Dept of 
Surgery, University of California— Davis, East Bay, 1411 
E 31st St, Oakland, CA 94602. The procedures listed must 
be followed carefully and all materials requested must be 
enclosed for prompt review and consideration for publi- 
cation in the Archives of Surgery. Use the checklist to en- 
sure completeness. 

Manuscript Preparation. —The original typescript and 
two high-quality copies of the entire manuscript must be 
submitted, including copies of all illustrations, legends, 
tables, and references. All copy, including references, 
legends, and tables, must be typed double-spaced on 
81⁄2 x 11-in, heavy-duty white bond paper. Margins must 
be at least 1 in. If a word processor is used, do not use 
justified right margins. 

Abstract. — Submit an abstract (135-word maximum) of 
the manuscript, which must include a statement of the 
problem, methods of study, results, and conclusions. The 
synopsis-abstract replaces a summary or conclusions. 

Copyright. — A copyright release form signed by all au- 
thors ef manuscripts, brief communications, and corre- 
spondence is required by the Copyright Revision Act of 
1976. The following statement, dated and signed by allau- 
thors, may be used: “In consideration of the American 
Medical Association’s taking action in reviewing and ed- 
iting my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright 
ownership to the AMA in the event that such work is 
published by the AMA.” 

Financial Interest. — List all affiliations with or financial 
involvement in any organization or entity with a direct fi- 
nancial interest in the subject matter or materials of the 
research discussed in the manuscript (eg, employment, 
consultancies, stock ownership). All such information 
will be held in confidence during the review process. 
Should the manuscript be accepted, the Editor will dis- 
cuss with the author the extent of disclosure appropriate 
for publication. 

References. — References should be listed in consecutive 
numerical order as they are cited in the text, not alphabet- 
ically. Once a reference is cited, all subsequent citations 
should be to the eriginal number. All references must be 
cited in the text or tables. Unpublished data and personal 
communication may not be listed as references. Refer- 
ences to journal articles should include (1) authors (list all 
authors and/or editors up to six; if more than six, list the 
first three and “et al”), (2) title, (3) journal name as 
abbreviated in Index Medicus, (4) year, (5) volume num- 
ber, and (6) inclusive page numbers —in that order. Ref- 
erences to books should include (1) authors (list all 
authors and/or editors up to six; if more than six, list the 
first three and “et al”), (2) chapter title, if any, (3) editor, 
if any, (4) title of book, (5) year, (6) city, and (7) publisher. 
Volume and edition numbers, specific pages, and name 
of translator should be induded when appropriate. The 
author is responsible for the accuracy and completeness 
of the references and for their correct text citation. 

Author Responsibility.—One author must be desig- 
nated corresponding author, with his or her address and 
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telephone number provided. All correspondence and 
copy editing are sent to this author. The corresponding 
author will receive an edited typescript rather than galley 
proofs for approval. The authors are responsible for all 
statements in their work, including changes made by the 
copy editor. Order reprints at the time the typescript is 
returned after editorial processing. Specify the address to 
which requests for reprints should be sent. 

Titles.—The title must be short, specific, and clear. It 
cannot exceed 42 characters per line, including punctu- 
ation and spaces, and is limited to two lines. The title 
page should include the full names and academic affili- 
ations of all authors. If the manuscript was presented at 
a meeting, indicate the name of the organization, the 
place, and the date on which it was read. 

SI Units.—Use Systéme International (SI) measure- 
ments throughout the manuscript. 

Illustrations. —Use only illustrations that clarify and 
augment the text. Submit illustrations in triplicate, un- 
mounted and untrimmed. Do not send Original artwork. 
Send high-contrast glossy prints (not photocopies). Fig- 
ure number, name of senior author, and arrow indicating 
“top” should be typed on a gummed label and affixed to 
the back of each illustration. All lettering must be legible 
after reduction to column size. Artwork submitted for 
publication may be relettered to achieve uniformity of let- 
tering style throughout the journal. Illustrations should 
preferably be in a proportion of 5 x7 in. Color illustrations 
are accepted for publication if the editors believe that color 
will add significantly to the published manuscript. The 
ARCHIVES will pay only part of the expense of color repro- 
duction and printing color illustrations. The author’s 
share of the expense is $400 for up to six square finished 
illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35-mm 
preferred) must be submitted for an evaluation. Do not 
send color prints unless accompanied by original trans- 
parencies. 








CHECKLIST FOR AUTHORS 

Send: 

e Three copies of manuscript. 

¢ Three copies of synopsis-abstract. 

@ Three copies of attached photographs, legends, 
tables, and/or illustrations clearly marked as de- 
scribed in the instructions. 

© A copyright release statement signed by all au- 
thors. 

¢ The address and telephone number of the desig- 
nated corresponding author. | 

® Send to Claude H. Organ, Jr, MD 

Archives of Surgery 
Professor, Dept of Surgery 
University of California—Davis, East Bay 
1411 E 31st St 
Oakland, CA 94602 
© Use sufficient postage. 
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Legends. —Legends must be typed double-spaced, be- 
ginning on a separate sheet of paper. Length is limited to 
a maximum of 40 words. 

Tables. —Each table must be typed double-spaced, in- 
cluding all headings, on a separate sheet of 8 1⁄2 x 11-in 
paper. Do not use larger-size paper. If a table must be 
continued, use a second sheet and repeat all heads and 
stubs. Each table must have a title. 

Manuscript Acceptance.—Manuscripts are received 
with the understanding that they are not under simulta- 
neous consideration by another publication. Accepted 
manuscripts become the permanent property of the 
ARCHIVES and may not be published elsewhere without 
permission from the publisher (AMA). 


OTHER INFORMATION 


Brief Clinical Notes. —The ARCHIVES welcomes the 
submission of Brief Clinical Notes for review. These are 
generally reports of cases that provide a new or unique 
contribution and are to consist of no more than 400 words, 
two references, and one illustration. The synopsis- 
abstract may not exceed 80 words. 

Correspondence and Brief Communications. — The Ed- 
itor is pleased to receive letters that pertain to material 
published in the ARCHIVES as well as brief communica- 
tions concerning other matters of interest to our readers. 
An interesting case may be published as a brief commu- 
nication. Such contributions should be 250 words or less, 
typewritten, double-spaced without an abstract, and 
clearly marked “for publication.” No more than two ref- 
erences are permitted and illustrations or tables are 
acceptable only when essential to the message. 
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News and Announcements.—Brief notices may be 
submitted of meetings, seminars, or symposiums that 
are of nterest to surgeons. 

Acknowledgments. — Illustrations from other publica- 
tions must be acknowledged. Include the following when 
appliceble: authors, title of article, title of journal or book, 
volume number, pages, month and year. The publisher's 
permission to reprint must be submitted to the ARCHIVES 
when the manuscript has been formally accepted. 

Statistical Review. — Manuscripts containing statistical 
evaluaäon should include the name and affiliation of the 
statistical reviewer. 

Informed Consent. — Manuscripts reporting the results 
of experimental investigations on human subjects must 
include a statement to the effect that informed consent 
was ottained after the nature of the procedure(s) had 
been filly explained. 

Refe-ence to Patients. — Patients should be referred to 
by number or, in anecdotal reports, by fictitious given 
names. Real names or initials must not be used in the text, 
tables, or illustrations. 

Photographic Consents. —A letter of consent must ac- 
company all photographs of patients in which a possibil- 
ity of identification exists. It is not sufficient to simply 
cover the eyes to mask identity. 

AMA Manual of Style.—This 1988 edition, formerly 
the Menual for Authors & Editors, is available from 
Williams & Wilkins, 428 E Preston St, Baltimore, MD 
21202. single copy price: $26.95. A shipping charge is 
added >n all orders not prepaid. If additional ordering 
informction is needed, or to order by telephone, call 
1-800-638-0672. 
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rial Killing Speed’ 
Class By itself. 


‘only I.V. fluoroquinolone. 
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The only I.V. fluoroquinolone 


A Breakthrough In 
Faster Bacterial Killin 


Ciprofloxacin kills faster than other antimicrobials in vitro’ 
Bacterial killing within 2 to 22 hours 
10° Ciprofloxacin demonstrated 











‘ — immediate bactericidal 
| E =. x | „=| activity, rapidly and 
= | | ae completely killing a 
= a “a representative clinical 
Cc ~ n 
Ẹ isolate of Pseudomonas 
£ aeruginosa in less than 
§ | 2 hours — faster than 
8 other agents tested. 
Í Adapted from Traub et al! a 
3 ESTEA 29 and data on file.@ 
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Cipro® I.V. 
(ciprofloxacin) 
For Intravenous Infusion 


BRIEF SUMMARY 
CONSULT PACKAGE INSERT FOR FULL 
PRESCRIBING INFORMATION 


INDICATIONS AND USAGE 

Cipro® |.V_ is indicated for the treatment of infections caused by susceptible strains 
of the designated microorganisms in the conditions listed below when the intra- 
venous administration offers a route of administration advantageous to the patient: 
Urinary Tract Infections—mild, moderate, severe and complicated 
infections caused by Escherichia coli (including cases with secondary bacteremia), 
Klebsiella pneumoniae subspecies pneumoniae, Enterobacter cloacae, Serratia 
marcescens, Proteus mirabilis, Providencia rettgeri, Morganella morganii, 
Citrobacter diversus, Citrobacter freundii, Pseudomonas aeruginosa, 
saena epidermidis, and Enterococcus faecalis. 

ipro® 1.V. is also indicated for the treatment of mild to moderate lower 
respiratory tract infections, skin and skin structure infections and bone and joint 
infections due to the organisms listed in each section below. In severe and 
complicated lower respiratory tract infections, skin and skin structure infections and 
bone and joint infections, safety and effectiveness of the rv formulation have not 
been established. 
Lower Respiratory Infections—mild to moderate infections caused by 
Escherichia coli, Klebsiella pneumoniae subspecies pneumoniae, Enterobacter 
cloacae, Proteus mirabilis, Pseudomonas aeruginosa, Haemophilus influenzae, 
Haemophilus parainfluenzae and Streptococcus pneumoniae. 
Skin and Skin Structure Infections—mild to moderate infections caused 
by Escherichia coli, Klebsiella pneumoniae subspecies pneumoniae, Enterobacter 
cloacae, Proteus mirabilis, Proteus vulgaris, Providencra stuartii, Morganelia 
morganii, Citrobacter freundii, Pseudomonas aeruginosa, Staphylococcus aureus, 
Staphylococcus epidermidis, and Streptococcus pyogenes 
Bone and Joint Infections—mild to moderate infections caused by 
Enterobacter cloacae, Serratia marcescens, and Pseudomonas aeruginosa 

If anaerobic organisms are suspected of contributing to the infection, 
appropriate therapy should be administered. 

Appropriate culture and susceptibility tests should be performed betor2 
treatment in order to isolate and identify organisms causing infection and to 
determine their susceptibility to ciprofloxacin. Therapy with Cipro” |V. may be 
initiated before results of these tests are known; once results become available, 
appropriate therapy should be continued. 

As with other drugs, some strains of Pseudomonas aeruginosa may develop 
resistance fairly rapidly during treatment with ciprofloxacin. Culture and 
susceptibility testing performed periodically during therapy will provide information 
not only on the therapeutic effect of the antimicrobial agent but also on the possible 
emergence of bacterial resistance. 

CONTRAINDICATIONS 
Cipro® I.V. (ciprofloxacin) is contraindicated in persons with a history of hyper- 
sensitivity to ciprofloxacin or any member of the quinolone class of antimicrobial 
agents. 


WARNINGS 

THE SAFETY AND EFFECTIVENESS OF CIPROFLOXACIN IN CHILDREN. 
ADOLESCENTS (LESS THAN 18 YEARS OF AGE), PREGNANT WOMEN, 
AND LACTATING WOMEN HAVE NOT BEEN ESTABLISHED. (SEE 
PRECAUTIONS—PEDIATRIC USE, PREGNANCY AND NURSING 
MOTHERS SUBSECTIONS.) Ciprofloxacin causes lameness in immature dogs. 
Histopathological examination of the weight-bearing joints of these dogs revealed 
permanent lesions of the cartilage. Related quinolone-class drugs also produce 
erosions of cartilage of weight-bearing joints and other signs of arthropathy in 
immature animals of various species. (See ANIMAL PHARMACOLOGY section in 
full prescribing information.) 

Convulsions have been reported in patients receiving ciprofloxacin 

Convulsions, increased intracranial pressure, and toxic psychosis have been 
reported in patients receiving ciprofloxacin and other drugs of this class 
Quinolones may also cause central nervous system (CNS) stimulation which may 
lead to tremors, restlessness, lightheadedness, confusion and hallucinations. If 
these reactions occur in patients receiving ciprofloxacin, the drug should be 
discontinued and appropriate measures instituted. As with all quinolones, 
ciprofloxacin should be used with caution in patients with known or suspected CNS 
disorders, such as severe cerebral arteriosclerosis, epilepsy, and other factors that 
predispose to seizures. (See ADVERSE REACTIONS. ) 
SERIOUS AND FATAL REACTIONS HAVE BEEN REPORTED IN PATIENTS 
RECEIVING CONCURRENT ADMINISTRATION OF INTRAVENOUS 
CIPROFLOXACIN AND THEOPHYLLINE. These reactions have included cardiac 
arrest, seizure, status epilepticus and respiratory failure. Although similar serious 
adverse events have been reported in patients receiving theophylline alone, the 
possibility that these reactions may be potentiated by ciprofloxacin cannot be 
eliminated. If concomitant use cannot be avoided, serum levels of theophylline 
should be monitored and dosage adjustments made as appropriate. 

Serious and occasionally fatal hypersensitivity (anaphylactic) reactions, some 
following the first dose, have been reported in patients receiving quinolone therapy. 
Some reactions were accompanied by cardiovascular collapse, loss of 
consciousness, tingling, pharyngeal or facial edema, dyspnea, urticaria, and itching. 
Only a few patients had a history of hypersensitivity reactions. Serious anaphylactic 
reactions require immediate emergency treatment with epinephrine and other 
resuscitation measures, including oxygen, intravenous fluids, intravenous 
antihistamines, corticosteroids, pressor amines and airway management, as 
clinically indicated. 

Severe hypersensitivity reactions characterized by rash, fever, eosinophilia, 

jaundice, and hepatic necrosis with fatal outcome have also been reported extremely 
rarely in patients receiving ciprofloxacin along with other drugs. The possibility that 
these reactions were related to ciprofloxacin cannot be excluded. Ciprofloxacin 
should be discontinued at the first appearance of a skin rash or any other sign of 
hypersensitivity. 
Pseudomembranous colitis has been reported with nearly all 
antibacterial agents, including ciprofloxacin, and may range in severity 
from mild to life-threatening. Therefore, it is important to consider this 
diagnosis in patients who present with diarrhea subsequent to the 
administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by 
Clostridium difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, 
therapeutic measures should be initiated. Mild cases of pseudomembranous colitis 
usually respond to drug discontinuation alone. In moderate to severe cases, 
consideration should be given to management with fluids and electrolytes, protein 
supplementation, and treatment with an antibacterial drug effective against C. 


difficile. 

PRECAUTIONS 
General: INTRAVENOUS CIPROFLOXACIN SHOULD BE ADMINISTERED BY 
SLOW INFUSION OVER A PERIOD OF 60 MINUTES. Local iv site reactions have 
bean reported with the intravenous administration of ciprofloxacin. These reactions 
are more frequent if infusion time is 30 minutes or less or if small veins of the hand 
are used. (See ADVERSE REACTIONS.) 

Crystals of ciprofloxacin have been observed rarely in the urine of human 
subjects but more frequently in the urine of laboratory animals, which is usually 
alkaline. (See ANIMAL PHARMACOLOGY section in full prescribing information.) 
Crystalluria related to ciprofloxacin has been reported only rarely in humans 
because human urine is usually acidic. Alkalinity of the urine should be avoided in 
patients receiving ciprofloxacin. Patients should be well hydrated to prevent the 
formation of highly concentrated urine. 

Alteration of the dosage regimen is necessary for patients with impairment of 
renal function. (See DOSAGE AND ADMINISTRATION. ) 

Moderate to severe phototoxicity manifested by an exaggerated sunburn 
reaction has been observed in some patients who were exposed to direct sunlight 


while receiving some members of the quinolone class of drugs. Excessive sunlight 
should be avoided 

As with any potent drug, periodic assessment of organ system functions, 
including renal, hepatic, and hematopoietic, is advisable during prolonged therapy 
Information for Patients: Patients should be advised that ciprofloxacin may be 
associated with hypersensitivity reactions, even following a singlesdose, and to 
discontinue the drug at the first sign of a skin rash or other allergic reaction 

Ciprofloxacin may cause dizziness and lightheadedness; therefore, patients 
should know how they react to this drug before they operate an automobile or 
machinery or engage in activities requiring mental alertness or coordination. 

Patients should be advised that ciprofloxacin may increase the effects of 
theophylline and caffeine. There is a possibility of caffeine accumulation when 
products containing caffeine are consumed while taking quinolones 
Drug Interactions: As with other quinolones, concurrent administration of 
ciprofloxacin with theophylline may lead to elevated serum concentrations of 
theophylline and prolongation of its elimination half-life. This may result in 
increased risk of theophylline-related adverse reactions. (See WARNINGS ) If 
concomitant use cannot be avoided, serum levels of theophylline should be 
monitored and dosage adjustments made as appropriate 

Some quinolones, including ciprofloxacin, have also been shown to interfere 
with the metabolism of caffeine. This may lead to reduced clearance ol caffeine and 
a prolongation of its serum half-life. 

Some quinolones, including ciprofloxacin, have been associated with transient 
elevations in serum creatinine in patients receiving cyclosporine concomitantly. 

Quinolones have been reported to enhance the effects of the oral anticoagulant 
warfarin or its derivatives. When these products are administered concomitantly, 
prothrombin time or other suitable coagulation tests should be closely monitored 

Probenecid interferes with renal tubular secretion of ciprofloxacin and produces 
an increase in the level of ciprofloxacin in the serum. This should De considered if 
patients are receiving both drugs concomitantly 

As with other broad-spectrum antimicrobial agents, prolonged use of 
ciprofloxacin may result in overgrowth of nonsusceptibie organisms. Repeated 
evaluation of the patient’s condition and microbial susceptibility testing are 
essential. If superinfection occurs during therapy, appropriate measures should be 
taken 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight io vitro 
heve a tests have been conducted with ciprofloxacin. Test results are listed 
below 

Salmonelia/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 

Chinese Hamster V7g Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion 

Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 

Thus two of the eight tests were positive, but results of the following three in vivo 
test systems gave negative results 
at Hepatocyte DNA Repair Assay 

Micronucieus Test (Mice) 

Dominant Lethal Test (Mice) 

Long-term carcinogenicity studies in mice and rats have been completed. After daily 
oral dosing for up to 2 years, there is no evidence that ciprofloxacin had any 
carcinogenic or tumorigenic effects in these species. 
Pregnancy: Teratogenic Effects. Pregnancy Category C: Reproduction 
studies have been pertormed in rats and mice at doses up to 6 times the usual daily 
human dose and have revealed no evidence of impaired fertility or harm te the fetus 
due to ciprofloxacin. In rabbits, ciprofloxacin (30 and 100 mg/kg orally) produced 
gastrointestinal disturbances resulting in maternal weight loss anc anancreased 
incidence of abortion. No teratogenicity was observed at either dose. After 
intravenous administration of doses up to 20 mg/kg, no maternal toxicity produced, 
and no embryotoxicity or teratogenicity was observed. There are. however, no 
adequate and well-controlled studies in pregnant women. Ciprofloxacineshould be 
used during pregnancy only if the potential benefit justifies the potentialrisk to the 
fetus. (See WARNINGS ) 
Nursing Mothers: Ciprofloxacin is excreted in human milk. Because of the 
potential for serious adverse reactions in infants nursing from mothers taking 
ciprofloxacin, a decision should be made either to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother. 
Pediatric Use: Safety and effectiveness in children and adolescents less than 18 
years of age have not been established. Ciprofloxacin causes arthropathy in juvenile 
animals. (See WARNINGS.) 

ADVERSE REACTIONS 
The most frequently reported events, without regard to drug relationship, among 
patients treated with intravenous ciprofloxacin were nausea, diarrhea, central 
nervous system disturbance, local iv site reactions, abnormalities of liver associated 
enzymes (hepatic enzymes) and eosinophilia. Headache. restlessness and:rash were 
also noted in greater than 1% of patients treated with the most common doses of 
ciprofloxacin 

Local iv site reactions have been reported with the intravenous administration 
of ciprofloxacin. These reactions are more frequent if the infusion time is 30 minutes 
or less. These may appear as local skin reactions which resolve rapidly upon 
completion of the infusion. Subsequent intravenous administratien is not 
contraindicated unless the reactions recur or worsen 

Additional events, without regard to drug relationship or route of 
administration, that occurred in 1% or less of ciprofloxacin courses are listed below 

GASTROINTESTINAL: ileus; jaundice; gastrointestinal bleeding; C_ difficile 
associated diarrhea: pseudomembranous colitis; pancreatitis; hepatic necrosis. 
intestinal perforation; dyspepsia; epigastric or abdominal pain; vomiting, 
constipation; oral ulceration: oral candidiasis; mouth dryness, anorexia; dysphagia. 
flatulence. 

CENTRAL NERVOUS SYSTEM: convulsive seizures. paranoia, toxic psychosis. 
depression, dysphasia, phobia, depersonalization, manic reaction, 
unresponsiveness, ataxia, contusion, hallucinations, dizziness, lightheadedness, 
paresthesia, anxiety, tremor, insomnia, nightmares, weakness, drowsiness, 
irritability, malaise, ay 

SKIN/HYPERSENSITIVITY. anaphylactic reactions; erythema multiforme/ 
Stevens-Johnson syndrome; extoliative dermatitis; toxic epidermal necrolysis, 
vasculitis; angioedema: edema of the lips, face, neck, conjunctivae, hands-or lower 
extremities; purpura; fever; chills; flushing; pruritus, urticaria. cutaneous 
candidiasis; vesicles: increased perspiration; hyperpigmentation; erythema 
nodosum; photosensitivity 

Allergic reactions ranging from urticaria to anaphylactic reactions have been 
reported. (See WARNINGS.) 

SPECIAL SENSES: decreased visual acuity, blurred vision, disturded vision 
(flashing lights, change in color perception, overbrightness of lights, ciplapia), eye 
pain, hearing loss, tinnitus, nystagmus, a bad taste 

MUSCULOSKELETAL: joint pain; jaw, arm or back pain; joint stiffness, neck 
and chest pain: achiness, flare-up of gout. 

RENAL/UROGENITAL: renal failure, interstitial nephritis, hemorrhagic cystitis, 
renal calculi, frequent urination, acidosis, urethral bleeding, polyuria, urinary 
retention. gynecomastia, candiduria, vaginitis. Crystalluria, cylindruria, hematuria, 
and albuminuria have also been reported. 

CARDIOVASCULAR: cardiovascular collapse, cardiopulmonary arrest, 
myocardial infarction, arrhythmia, tachycardia, palpitation, cerebral thrombosis, 
syncope, cardiac murmur, hypertension, hypotension, angina pectoris 

RESPIRATORY: respiratory arrest, pulmonary embolism, dyspnea. pulmonary 
edema, respiratory distress, pleural effusion, hemoptysis, epistaxis, hiccough. 

IV INFUSION SITE: thrombophlebitis, burning, pain, pruritus, paresthesia, 
erythema, swelling. 

Also reported were agranulocytosis, prolongation of prothrombin time and 
possible exacerbation of myasthenia gravis. 

Many of these events were described as only mild or moderate in severity, 
abated scon after the drug was discontinued and required no treatment 

In saveral instances, nausea, vomiting, tremor, irritability or palpitation were 
jucged by investigators to be related to elevated serum levels of theaphylline 
possibly as a result of drug interaction with ciprofloxacin 
Adverse Laboratory Changes: The most frequently reported changes in 
laboratory parameters with intravenous ciprofloxacin therapy, without regard to drug 


relationship, were: 

Hepatic-Elevations of AST (SGOT), ALT (SGPT). alkaline phosphatase, LDH 
and serum bilirubin. 

Hematologic-Elevated eosinophil and platelet counts. decreased platelet 
counts, hemoglobin and/or hematocrit. 

Renal-Elevations of serum creatinine, BUN, uric acid 

_ Other-Elevations of serum creatinine phosphokinase, serum theophylline (in 

patients receiving theophylline concomitantly), blood glucose, and triglycerides. 

Other changes occurring infrequently were: decreased leukocyte count, 
elevated atypical lymphocyte count, immature WBCs, elevated serum calcium, 
elevation of serum gamma-glutamyl transpeptidase (yGT), decreased BUN, 
decreased uric acid, decreased total serum protein, decreased serum albumin, 
decreased serum potassium, elevated serum potassium, elevated serum cholesterol 

Other changes occurring rarely during administration of ciprofloxacin were: 
elevation of serum amylase, decrease of blood glucose, pancytopenia, leukocytosis, 
elevated sedimentation rate, change in serum phenytoin, decreased prothrombin 
time, hemolytic anemia, and bleeding diathesis. 

OVERDOSAGE 

In the event ot acute overdosage, the patient should be carefully observed and given 
supportive treatment. Adequate hydration must be maintained. Only a small amount 
of ciprofloxacin (<10%) is removed from the body after hemodialysis or peritoneal 


dialysis DOSAGE AND ADMINISTRATION 

The recommended adult dosage for urinary tract infections of mild to moderate 
severity is 200 mg every 12 hours. For severe or complicated urinary tract infections 
the recommended dosage is 400 mg every 12 hours. 

The recommended adult dosage for lower respiratory tract infections, skin and 
skin structure infections and bone and joint infections of mild to moderate severity is 
400 mg every 12 hours. 

The determination of dosage for any particular patient must take into 
consideration the severity and nature of the infection, the susceptibility of the 
causative organism, the integrity of the patient's host-defense mechanisms and the 
status of renal and hepatic function. 

DOSAGE GUIDELINES 


Intravenous Daily 


Location of Infection Type or Severity Unit Dose Frequency Dose 


Urinary tract Mild/Moderate 200 mg qi2h 400mg 
Severe/Complicated 400 mg gi2h 800mg 

Lower Respiratory tract: 

Skin and Skin Structure: Mild/Moderate 400 mg qi2h 800mg 

Bone and Joint 


Cipro” I.V. should be administered by intravenous infusion over a 
period of 60 minutes. 


The duration of treatment depends upon the severity of infection. Generally, 
ciprofloxacin therapy should be continued for at least 2 days after the signs and 
symptoms of infection have disappeared. The usual duration is 7 to 14 days. Bone 
and joint infections may require treatment for 4 to 6 weeks or longer 

Ciprofloxacin hydrochloride tablets (Cipro”) for oral administration are 
available. Parenteral therapy may be changed to oral Cipro” tablets when the 
condition warrants, at the discretion of the physician. For complete dosage and 
administration information, see Cipro” tablet package insert 
Impaired Renal Function: The following table provides dosage guidelines for 
use in patients with renal impairment; however, monitoring of serum drug levels 
provides the most reliable basis for dosage adjustment 

RECOMMENDED STARTING AND MAINTENANCE DOSES 
FOR PATIENTS WITH IMPAIRED RENAL FUNCTION 


Creatinine Clearance Dosage 
(mL/min) 
230 See usual dosage 
5-29 200 - 400 mg q 18 - 24 hr 


When only the serum creatinine concentration is known, the following formula may 
be used to estimate creatinine clearance 
Men: Creatinine Weight (kg) x (140 - age) 

clearance (mL/min}= 72 x serum creatinine (mg/dL) 


Women: 0.85 x the value calculated for men 


The serum creatinine should represent a steady state of renal function. 

For patients with changing renal function or for patients with renal impairment 
and hepatic insufficiency, measurement of serum concentrations of ciprofloxacin will 
provide additional guidance for adjusting dosage. 

INTRAVENOUS ADMINISTRATION 

Cipro” I.V. should be administered by intravenous infusion over a period of 60 
minutes. Slow infusion of a dilute solution into a large vein will minimize patient 
discomfort and reduce the risk of venous irritation. 

Vials (Injection Concentrate): THIS PREPARATION MUST BE DILUTED 
BEFORE USE. The intravenous dose should be prepared by aseptically 
withdrawing the appropriate volume of concentrate from the vials of Cipro? I.V. This 
should be ciluted with a suitable intravenous solution to a final concentration of 1-2 
mg/mL. (See COMPATIBILITY AND STABILITY.) The resulting solution should be 
infused over a period of 60 minutes by direct infusion or through a Y-type 
intravenous infusion set which may already be in place 

if this method or the “piggyback” method of administration is used, it is 
advisable to discontinue temporarily the administration of any other solutions during 
the infusion of Cipro I.V 
Flexible Containers: Cipro? |.V. is also available as a 0.2% premixed solution in 
5% dextrose in ilexible containers of 100 mL or 200 mL. The solutions in flexible 
containers may be infused as described above. 

COMPATIBILITY AND STABILITY 

Ciprofloxacin injection 1% (10 mg/mL), when diluted with the following intravenous 
solutions to concentrations of 0.5 to 2.0 mg/mL, is stable for up to 14 days at 
refrigerated or room temperature storage. 

0.9% Sodium Chloride Injection, USP 

5% Dextrose Injection, USP 
if Cipro” I.V. is to be given concomitantly with another drug, each drug should be 
given separately in accordance with the recommended dosage and route of 
administration for each drug. 

HOW SUPPLIED 


Cipro® I.V. (ciprofloxacin) is available as a clear, colorless to slightly yellowish 
solution. Cipro” I.V. is available in 200 mg and 400 mg strengths. The concentrate 
is Supplied in vials while the premixed solution is supplied in flexible containers as 


follows: 

CONTAINER SIZE STRENGTH NDC NUMBER 

Vial: 20 mL 200 mg, 1% 0026-8562-20 
40 mL 400 mg, 1% 0026-8564-64 

Flexible 

Container: 100 mL 5% dextrose 200 mg, 0.2% 0026-8552-36 
200 mL 5% dextrose 400 mg, 0.2% 0026-8554-63 
STORAGE 
Vials: Store between 41 - 77°F (5 - 25°C) 


Flexible Container. Store between 41 - 77°F (5 - 25°C) 

Protect from light, avoid excessive heat, protect from freezing 

Ciprofloxacin is also available as Cipro® (ciprofloxacin HC!) Tablets 250, 500 
and 750 mg. 


Caution: Federal (USA) Law prohibits dispensing without a prescription. 
P7100684 Issued: January 1991 Bay q 3939 5202-4-A-U.S.-1 


References: 1. Traub WH, Spohr M, Bauer D. Pseudomonas aeruginosa: in vitro 
susceptibility to antimicrobial drugs, single and combined, with and without 
defibrinated human blood. Chemotherapy. 1988;28:331-342. 2. Data on file, Miles 
Inc Pharmaceutical Division 
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due to indicated organisms 


For Intravenous or Intramuscular Use 
(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE INSERT.) 


INDICATIONS AND USAGE 

Treatment: CEFOTAN is indicated for the therapeutic treatment of the following infections when caused 
by susceptible strains of the designated organisms: 

Urinary Tract Infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis, and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
(including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), E coli, Proteus 
mirabilis, and Serratia marcescens. 


Skin and Skin Structure Infections caused by Staphylococcus aureus (penicillinase- and nonpenicillinase- 


producing strains), ey epidermidis, Streptococcus pyogenes, Streptococcus species 

ees enterococci), E coli, Klebsiella pneumoniae, and Peptococcus* and Peptostreptococcus sp.” 
ynecologic Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicillinase- 

producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), group B 

streptococci, E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 

B ovatus, and B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 

Peptococcus and Peptostreptococcus species). 

intra-abdominal Infections caused by £ coli, Klebsiella species (including K pneumoniae), Strepto- 

coccus species (excluding enterococci), Bacteroides species (excluding B distasonis, B ovatus, and 

B thetaiotaomicron), and Clostridium species. 

Bone and Joint Infections caused by Staphylococcus aureus.” 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available. the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

Note: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
Prophylaxis: The preoperative administration of CEFOTAN may reduce the incidence of certain post- 
operative infections in patients undergoing surgical procedures that are classified as clean contaminated 
or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, transurethral 
surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
Sacto A contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 

Serious acute hypersensitivity reactions may require —_—— and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or poor nutritional state, the elderly, and patients with cancer. 
Prothrombin time should be monitored and exogenous vitamin K administered as indicated. 
PRECAUTIONS 
General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in overgrowth 
of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection does occur 
during therapy, appropriate measures should be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

Information for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized by 
flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN administration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the administration of CEFOTAN. 

Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 

alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

Drug/Laboratory Test Interactions: A false positive reaction for glucose in urine may occur with 
Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine reported. as 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Although long-term studies in animals have not 
deen performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 


CEFOTAN... 
(cefotetan disodium! 


In intra-abdominal and gynecologic infection 


500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and per ets in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes: Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent, at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions Rave been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humansis unknown. 

Usage in Pregnaney: Pregnancy Category B: Reproduction studies have been performed in rats and 
monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

Usage in Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution 
should be exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTI 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elewations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

i ala reaetions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in 
Local effects were resorted in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

During postmarketng experience with CEFOTAN, agranulocytosis, anaphylactic reactions, fever, 
hemolytic anemia, leukopenia, prolonged prothrombin time with or without bleeding, pseudomembranous 
colitis, and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

Treatment: The usuakadult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12%ours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


Prophylaxis: To prevent postoperative infection in clean contaminated or potentially contaminated 

ry dat in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

Impaired Renal Funetion: When renal function is impaired, a reduced dosage schedule must be 
employed. The followmg dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 





Creatinine Clearance 


mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 


“Dose determined bythe type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the desang interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual secommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: —-- 
72 x serum Creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzałe and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usua! recommended dose on the day of dialysis. 
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"Professional Opportunities 


BC/BE GENERAL/VASCULAR SURGEON. Tho- 
racic experience or desire to train. Multi-specialty 
group. Start 1991 or 1992 Contact: David Manke, 
MD, West Side Clinic, SC. Post Office Box 19070, 
Green Bay, WI 54307-9070. 


OL gee A -e 
GENERAL SURGEON, board-certified with training 
in vascular surgery and/or GI endoscopy preferred 
to join VA Medical Center in Martinsburg, West Vir- 
ginia, a 377-bed hospital. 12)-bed nursing home 
and 520-bed domiciliary. located 75 miles from 
Washington, DC in the Shenandoah Valley. Com- 
prehensive benefit package including relocation 
expenses. Please contact: S. Daly, Surgical Ser- 
vice, VAMC, Martinsburg WY 25401. (304) 263- 
0811, Extension 3557. 


NORTH PLATTE, 
NEBRASKA 


BC/BE general surgeon with vascular interest to 
join or associate with busy group OR go solo with 
coverage and support. Patient base of 100,000; 
progressive 130-bed regiona hospital. Extensive 
outdoor recreational activitits. Beautiful lakes, 


hunting and fishing. Safe. family-oriented environ- 
ment. Excellent school system and college. Com- 
plete benefit package. 
MarciaiNoris 
GREAT PLAINS REGIONAL MEDICAL CENTER 


601 West Leota, No#th Platte, NE 69103 
(800) 762-7090 


GENERAL SURGEONS needed for busy, well 
established southern Oregon practice. We are seek- 
ing board-eligible/-certifiec surgeons who are looking 
for a long term association. Excellent opportunity to 
practice quality patient care in the beautiful Pacific 
Northwest. Our community is surrounded by excel- 
lent schools and many cultural and recreational 
facilities. Outstanding bene*it package including 
CME, vacation, malpractice, disability, and health 
insurance. Please send CV and letters of reference 
to: Box #934. c/o AOS. 


































Are you a Surgeon 
looking for 


The World's Best 
Kept Secret 


Are you looking for challenging and out- 
standing opportunities for professional 
growth? Do you value a good school sys- 
tem, low crime rate, clean air and un-sur- 
passed scenic beauty? Then St. Mary's 
Hospital in Pierre, South Dakota is what 
you are looking for. 


Nestled in the rolling Fills along the Mis- 
souri River, Pierre offers a wide range of 
recreational activities. If you enjoy the out- 
doors, you will love Lake Oahe which 
offers boating, sailing and trophy fishing. 
Pierre is famous for its excellent waterfowl, 
pheasant and antelope hunting. 


If you are a board-certified or -eligible 
surgeon and interested in joining a busy 
practice in this warm friendly community of 
15,000, and a service area of 40,000, then 
come join our growing active medical staff 
at St. Mary's Hospital in Pierre, South 
Dakota. Enclose vitae. 


Vern Schuetzle 
Physician Recruitment 
P.O. Box 218 
Pierre, SD 57501 
(605) 224-9223 


or 












James Russell 
Administrator 
St. Mary's Hospital 
800 East Dakota, Pierre, SD 57501 
(605) 224-3158 
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~ Professional Opportunities 


ee cS Se 
GENERAL SURGEON to join two university trained 
general surgeons in a busy practice. Our midwest- 
ern community of 100,000 has two modern hospi- 
tals, one of which is a Level Il trauma center with 
400 plus beds, with many subspecialists. Available 
immediately, but prefer 1991 or 1992 graduate. 
Reply: Surgeon Recruitment, 700 - 4th Strest, Suite 
400, Sioux City, IA 51101. 


GENERAL SURGEON 


An innovative health care organization is seeking general sur- 
geons to service communities in rural southern West Virginia. 
Competitive salary amd fringe benefits are offered. A desire 
and willingness to meet the challenges of present day health 
care delivery in rural setting is a must. Part-time and 
full-time positions are available. Arrangements may also be 
made to accommodate continued residence outside West 
Virginia. Send confidential resume and inquiries to: 


Box #931, c/o AOS. 
















BC/BE GENERAL SURGEON to join busy estab- 
lished growing four BC general surgical group in 
suburban Puget Sound. Competitive financial pack- 
age. Please send CV to: Box #933, c/o AOS. 


Positions Available 


ASSOCIATE CHIEF OF SURGERY/Associate Res- 
idency Program Director in this full accredited two 
chief resident department. Yale University School 
of Medicine affiliate. An enthusiastic general sur- 
geon with a special interest plus experience in 
teaching and research. Competitive salary and 
benefits Available from January 1992. Send CV: 
L. Peter Fielding, MB, FRCS, FACS, St. Mary's 
Hospital, 56 Franklin Street, Waterbury, CT 06706. 
(203) 574-6314. Affirmative action/equal apportuni- 
ty employer. 








Locum Tenens 


LOCUM TENENS GENERAL SURGEONS - Let a 
carefully screened, credentialed, insured colleague 
from the CompHealth locum tenens medical staff 
cover your practice the next time you have to be 
away, or while you recruit a new associate. Comp- 
Health locum tenens — the physician you need, just 
when you need one! Call today: (800) 453-3030. 





Directors Wanted 


pares OLAS ne ARE OSE 2 i Ee RES BS RS 
PEDIATRIC SURGERY DIRECTOR/Surgeon-In- 
Chief: The State University of New York (SUNY) at 
Buffalo and The Children's Hospital of Buffalo are 
seeking a Director for the Section of Pediatric 
Surgery. This individual will serve as the Pediatric 
Surgery Department Head and Surgeon-in-Chief at 
The Children's Hospital of Buffalo, which is a major 
teaching hospital of SUNY-Buffalo. He/she will be 
expected to qualify for a faculty appointment as 
Associate Professor or Professor of Surgery. Board 
certification in General Surgery and certificate of 
special competency in pediatric surgery is required. 
The candidate will need leadership skills and vision 
to direct an acacemically oriented clinical practice, 
head a pediatric surgery training program, adminis- 
ter the surgical services at the Children's Hospital of 
Buffalo and develop and sustain research and teach- 
ing activities. The University is an EEO/AA employ- 
er. Please direct inquiries and curriculum vitae to: 
Linda Brodsky, MD, Chair, Search Committee, Chil- 
dren's Hospital of Buffalo, 219 Bryant Street, Buffalo, 
NY 14222. 


Computers/Software 


AMERICAN MEDICAL SOFTWARE's Medical 
Office Management, Office Billing, Electronic 
Claims, Bar Coding, and Medical Records Systems 
feature easy installation-operation, advanced capa- 
bilities, and toll free support. For information, call: 
(800) 423-8836. 


PLEASE NOTE — Address replies to box number 
ads as follows: Box number _c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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GENERAL SURGEON 


The Gundersen Clinic tradition—an exceptional 
standard of medical care delivered through 
multiple branch community clinics in lowa, 
Minnesota and Wisconsin. 


We currently have a rewarding opportunity for 
a BC/BE General Surgeon in our Tomah, 
Wisconsin clinic. The physician we seek will be 
a full member of our General Surgery Depart- 
ment and be afforded all staff benefits and 
privileges. You'll join a BC Surgeon and four 
Family Practitioners already well established 
in Tomah. 


In addition, you'll enjoy: 

e a small-town setting that allows for indepen- 
dent practice without administrative worries 

e abundant and affordable housing 

e affiliation with the community's hospital, 
managed by Lutheran Health Systems 

e excellent call and coverage 

e consultation with physicians in 92 specialties 
and subspecialties through our main clinic 
in La Crosse 

e guaranteed salary 

e comprehensive benefits package and pension 
plan 

e paid malpractice insurance 


Become part of the Gundersen tradition. Send 
your CV or call Tim Skinner, Manager, 
Physician Recruitment, TOLL-FREE 1-800- 
362-9567, ext. 6673. An equal opportunity 





employer. 
p md 1836 South Avenue 
i a Dept. Il-11 
< La Crosse, WI 54601. 
i 





Gundersen Clinic, Ltd. 


Medical Equipment/Supplies 


NO-SCALPEL vasectomy instruments. One set 
$169.50 or two for $299. Video tape $75. (609) 625- 
6262. CMAC, P.O.B. 727, Mays Landing, NJ 08330. 





Faculty Positions 


SURGERY — The Department of Surgery at a pro- 
gressive, academic urban medical center in the 
northeast is seeking aggressive, well trained section 
chiefs of vascular, ENT and orthopedic surgery to 
develop a practice and play an important role in the 
education and training of medical students and sur- 
gical residents. Hospital will provide attractive pack- 
age and incentives and will assist with practice 
development. Medical school faculty appointment 
commensurate with qualifications. Reply to: Box 
691-1, Surgery, Gynecology & Obstetrics, 54 East 
Erie St., Chicago, IL 60611. 


Surgeons 


For advertising rates 
and information 
please call: 


(800) 237-9851 
(813) 443-7666 





Classified Advertising m 





Box 








CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 times 

or more* 
Cost per word $1.80 $1.65 
Minimum ad: 20 words per issue 


*In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered one 
word, and figures consisting of a dollar sign and 
five numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered 
one word and must appear in all ads. Tele- 
phone number with area code is considered 
one word. When box numbers are used for 
replies, the words "Box ——, c/o AOS" are to be 
counted as three words. 


Classified Display 1 Time 3 times 

or more* 
Full page $1,532 $1,332 
Two-thirds page 1,305 1,135 
One-half page 1,072 932 
One-third page 845 736 
One-sixth page 391 339 
Column inch 115 100 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The type- 
setting fee is 10% of the one-time ad cost shown 
above. Special requests will be billed to the 
advertiser and/or agency at the then prevailing 
rates. 


Box Service 


Available for all ads. The cost is $20.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
directly to you. 


Closing Date 


The 25th of the second month prior to the issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


OF 
Surgery 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 813-443-7666 





All classified advertising orders, correspondence and 
Florida 34617. Our telephone numbers are: 800-237- 
spondence to the AMA headquarters in Chicago. This causes needles delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writin 
, C/o AOS, P.O. Box 1510, Clearwater, Florida 34617. Wesare not 
mail sent in care of Archives of Surgery. 





Professional Opportunities 


URGENTLY NEEDED - Semi-retised surgeon, 
board-certified or -eligible needed “or night and 
weekend calls. Small-town living. Serd CV to: P.O. 
Box 21405, Roanoke, VA 24018. 


GENERAL SURGEON: Immediate opening for 
BC/BE general surgeon to join sot surgeon in 
beautiful northwest Florida commun y. Send CV: 
Box #932, c/o AOS. 


GENERAL SURGEON 





BC/BE general surgeon with thore=ic and/or 
vascular interests to join busy, well-sstablished 
four-person surgical group. We!-rounded 
medical community has service area = 100,000. 
The city offers a variety of educc ional and 


cultural opportunities due to the p-esence of 
Cornell University, and recreational ectivities are 
abundant. Please send CV to: 


Surgical Associates of Itheza, P.C. 


1301 Trumansburg Road 
Ithaca, New York 14850 





METROPOLITAN PITTSBURGH — Excellent oppor- 
tunity to join BC general surgeon pracicing at 350- 
bed modern medical center. Busy practice based at 
two offices with stable support staff. Competitive 
Salary and benefits package leading te partnership. 
Attractive small-town location conveniant to award- 
winning public schools and affordable Fousing, with- 
in thirty minutes of downtown Pittsburgh, one of 
America's "most liveable cities". Please contact: 
Kelly McMahon, Vice President, Specalty Recruit- 
ment Services, Daniel Stern and As=ociates, 211 
North Whitfield Street, The Medical Center East, 
Suite 240, Pittsburgh, PA 15206-3039. 


GENERAL 
Opportunity for qualified physician to join two general 
surgeons in a well-established multi-spezialty group. 


Ochsner Clinic of Baton Rouge offers a competitive 
salary with excellent fringe benefits progran. Send CV 
to: Ochsner Clinic of Baton Rouge, Physsian Recruit- 
ing, 16777 Medical Center Drive, Bator Rouge, LA 
70816. Or call: (800) 488-2240. 





GENERAL SURGEON - Washington. The Moses 
Lake Clinic, a multi-specialty clinic in @entral Wash- 
ington, is seeking a BE/BC general swrgeon. Mod- 
ern clinic and 50-bed hospital facilities Guaranteed 
Salary and partnership track availab&. Excellent 
benefit package. Family oriented community with a 
large rural service area. Abundant ~our-season 
recreational opportunities. Contact: Terry Coplin, 
840 Hill Avenue, Moses Lake, WA $8837. (509) 
765-0216. 





BC/BE GENERAL SURGEON needea at 54-bed, 
State-of-the-art facility. The practice s pre-devel- 
oped and supported by a well-established referral 
base. Set in a pristine Missouri River community, 
the area offers a wealth of water recrestional activi- 
ties, excellent schools, and affordable housing. 
Tremendous financial potential. All intesviewing and 
relocation expenses paid by hospital. Send CV or 
call: Jeff Zarr, Jackson and Coker, Inc., 115 Perime- 
ter Center Place, Suite 380 11183, Atlanta, GA 
30346. Telephone: (800) 544-1987. 


PLEASE NOTE - Address replies to 20x number 
ads as follows: Box number , c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 





payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
9851; 813-443-=666. Please do not send classified ads, payments or related corre- 


g and must cite the box number in the ad. Example: 
permitted to divulge the identity of advertisers who wish their 


Professional Opportunities 


GENERAL SURGEON: Marshfield Clinic, a 400- 
physician, dynamic multi-specialty private group 
practice, is seeking BE/BC general surgeons to join 
its expanding regional centers in Chippewa Falls 
and Park Falls, Wisconsin. Only a phone call away 
from the "hub" clinic and colleagues, practice in the 
centers offers autonomy yet the support of the large 
group practice. Each position offers the combination 
of exceptional practice opportunities with the high- 
est quality of life, including an abundance of recre- 
ational choices and excellent school systems. 
Chippewa Falls is ideally located between the urban 
area Of Minneapolis/St. Paul and the woods, lakes 
anc cottages of the northwest part of the state. Park 
Falis offers a location among almost one million 
acres of scenic public land and is only an hour from 
the beautiful Upper Peninsula of Michigan and Lake 
Superior. If the combination of professional excel- 
lence and the highest quality of living appeals to 
you, please send CV and three references to: Lee 
A. Hilgart, Assistant Director, 1000 North Oak 
Avenue, Marshfield, WI 54449. Or call: (800) 782- 
8581, Extension 3725. 


GENERAL/VASCULAR SURGEON: Two-person 
Surgical group seeks a U.S.A. trained BC/BE sur- 
geon with general and vascular surgery and endo- 
scopic experience. Growing northeast Wisconsin 
community, stable economy and three progressive 
hospitals having all medical services available. 
Excellent location for outdoor activities and easy 
access for travel. Excellent salary and benefits lead- 
ing to partnership. Send CV to: Box 930, c/o AOS. 


Humana has 





the right locations. 


Group, associate and solo opportunities are 
available in a variety of settings. Here are a 
few to pick from: 


General Surgeons Orthopedic Surgeons 


Alabama South Florida 
Central Florida Atlanta, GA (area) 
Newnan, GA Chicago, IL 
Neurosurgeons Dodge City, KS 
Montgomery, AL Lexington, KY 
Central Florida Somerset, KY 
Layton, UT Oakdale, LA 
Springhill, LA 
Otolaryngologists pk. 
Alabama Winnfield, LA 


Chattanooga, TN 
Morristown, TN 
College Station, TX 


South Florida 
Atlanta, GA (area) 


Seaan KY Corpus Christi, TX 
louisiana Richlands, VA 
Natchez, MS Urologists 

Layton, UT Orlando, FL 
Bluefield, WV Augusta, GA 
Greenbrier Valley, WV Ville Platte, LA 
Orthopedic Surgeons College Mae TX 
Alabama San Antonio, 
Phoenix, AZ Layton, UT 

Denver, CO 


Central Florida 


Call TOLL-FREE 1-800-626-1590, or send your 
Curriculum vitae to: Manager, Professional 
Relations, Humana Inc., Dept. 00-14, PO. Box 
1438, Louisville, KY 40201-1438. 


fumana’ 
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118:740-744. 

12. Waller JA, Curran R, Noyes F. Traffic deaths: a prelimi- 
nary study of urban and rural fatalities in California. Calif Med. 
1964; 101:272-276. 


institution of a trauma system: a preliminary report. J Trauma. 
1986 ; 26:812-820. 

11. West JG, Cales RH, Gazzaniga AB. Impact of regional- 
ization: the Orange County experience. Arch Surg. 1983; 


Invited Commentary 


























Zulick et al have assessed the role of a rural trauma center 
in the treatment of patients with trauma. They have used 
well-recognized methods to compare their patient population 
and its attendant mortality with national norms. This popu- 
lation is one with predominantly blunt trauma, with a rela- 
tively low mean ISS. On reviewing the deaths in their series, 
the authors could find no preventable problems. They 
conclude that a rural hospital can perform comparably with 
other major national trauma centers. They note that the mean 
transport time for patients not transferred from other hospi- 
tals was 1.6 hours with a maximum of 12 hours. This is due 
to their rural location. 
The authors appear to be rendering high-quality trauma 
care with good results to their presenting population. Since 
triage is an importantissue and can affect the results, it would 
be interesting to know the character and outcome for those 
patients who were transferred into their facility and also for 
those whom they transferred from their facility for continu- 
ing specialty care. They appear not to have had any deaths 
in the resuscitation area. These deaths are classic markers for 
the system's responsiveness and the effectiveness of the 
trauma personnel. This is particularly true in systems that do 
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not require immediate availability of all the appropriate 
resuscitation personnel, which is the case in this facility. 

Zulick et al state that because of the long transport times, 
all personnel were available when the patient arrived. If this 
was consistently the case and there were no resuscitative 
deaths, they should be complimented on a fine prehospital 
communication and notification system. Conversely, if pa- 
tients are occasionally brought to the hospital with vital signs 
absent or if there are patients who died at the scene, the hos- 
pital needs to track the course of these patients to assess the 
effectiveness of the entire system. This is particularly true in 
rural areas. The delivery of high-quality rural trauma care 
must involve an entire system. 

This is an important contribution to the literature, because 
there is considerable national interest in the treatment of 
trauma in rural areas in both the prehospital as well as the 
hospital setting. The authors have achieved very creditable 
results with their patients. 

LENWORTH M. JAcoss, MD, MPH 
West Hartford, Conn 
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less, but not significantly so (Z= —0.9). The M statistic 
of 0.95, as calculated from our data, indicates an excel- 
lent match to the distribution of ISS scores in the 
MTOS, and validates our Z statistic. 

Probability of survival was calculated for each patient 
who died, and was greater than 0.5 in four patients. 
Each patient’s case was independently reviewed. All 
involved head injuries. The inordinate contribution of 
head injury to trauma mortality is incorporated into the 
calculation of the RTS, and thus into the calculation of 
each patient’s probability of survival.2 Two of four 
deaths might have been prevented with more timely 
intervention. Delay in establishment of an airway be- 
fore transfer undoubtedly contributed to one death, 
and an intracranial hemorrhage in an elderly, intoxi- 
cated patient was not recognized initially. One patient 
succumbed to septic complications that were not pre- 
ventable. In one patient with isolated head injury, no 
striking deficiency in her care could be found. 


COMMENT 


The problem of rural trauma care has been much 
discussed in the trauma literature.*’ Rural patients with 
trauma have been thought to do less well than their ur- 
ban counterparts for several reasons. 

Baker and O’Neil* pointed out the inverse correlation 
between trauma death rates and population of counties 
in the United States, and cited several possible factors 
that lead to this observed disparity. These include 
higher travel speeds in rural areas, worse roads, less 
frequent seat belt use, more high-risk vehicles, and 
poor access to trauma care. Poor access to trauma care 
in the rural setting results from both increased dis- 
tances between an accident scene and the hospital and 
less availability of trauma centers. Cales and Trunkey® 
reviewed several studies that documented an unaccept- 
ably high incidence of preventable deaths from trauma 
in patients treated at rural hospitals. Several studies on 
the effect of regionalization of trauma care support the 
theory that the outcomes of patients with severe 
trauma are better at level 1 trauma centers than at 
smaller community hospitals, ie, exactly the type of 
hospital present in the rural locale.*”” 

Undoubtedly, care of rural victims of trauma is imp- 
aired by several factors in the prehospital phase, such 
as those enumerated by Baker and O’Neil.? Our report 
is not concerned with these factors, except to point out 
that, in fact, transit times were long, seat belt use was 
low, and a significant number of our motor vehicle 
accidents involved motorcycles or snowmobiles. 

We cannot comment on the number of patients who 
died due to inadequate prehospital care. The purpose 
of our review was to evaluate the care these patients 
received after they arrived at our hospital. We treated a 
population with significant injuries, as evidenced by 
our mean ISS. An ISS of 9 or higher or 16 or higher is 
often proposed for triage to trauma centers.!! Based on 
our Z statistic and review of the deaths from trauma in 
our study, we conclude that care of these patients after 
they arrived at our institution was comparable with 
care rendered at urban, level 1 trauma hospitals. 

Morbidity was high, with 23% of our patients experi- 
encing long-term morbidity. However, most of this mor- 
bidity was minor and a direct, unavoidable result of the 
injury itself. Complications were typically minor. How- 
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ever, :n three patients, these complications led to long- 
term sequelae. 

We treated a considerable number of patients trans- 
ferred from other institutions. The mean time from 
occumence of the accident to arrival at our institution 
was 4.4 hours for these transferred patients. This is 
significant, given that 60% of deaths from trauma occur 
withm 4 hours and that prognosis of intracranial hem- 
orrhage is markedly improved when treated within 4 
hours.’ Although both ISS and mortality rate were 
higher for transferred patients, we were unable to 
demonstrate any significant differences in either the 
ISS cr mortality rate between transferred and primary 
patients. Of course, it is possible that these transferred 
patients had lower ISSs and mortality rates despite 
long transfer times due to “self selection,” because the 
more seriously injured patients may have died before 
transfer or were considered too unstable to transfer. 
This -ong delay in definitive treatment might be 
avoided with a more organized EMS system that 
would allow transport of seriously injured patients di- 
rectly to the trauma center. 

Ours is a low-volume, level 2 trauma center admitting 
fewer than the recommended number of trauma cases per 
year required to maintain expertise"!; however, we were 
able te provide care for our patients with trauma that was 
comperable with the care available at urban trauma cen- 
ters. We feel that the maintenance of a dedicated, orga- 
nized trauma team with set protocols was instrumental in 
achieving this level of care. 

Given travel distances in rural areas, such level 2 
trauma centers organized into a trauma system would 
be effective in providing rural trauma care, if patient 
outcomes at these institutions were found to be ade- 
quate by periodic review of a trauma registry.” From 
our own experience, it seems that adequate trauma 
care can be provided at a small, rural, level 2 trauma 
center with proper support services and organization 
of a trauma team. 
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Fig 1.— Distribution of the etiologic factors of trauma in 163 patients 
with trauma. MVA indicates motor vehicle accident. 


One hundred fifty-three patients (94%) suffered 
blunt trauma (Fig 1): 63% were involved in motor ve- 
hicle accidents, 16% suffered falls, and 15% were mis- 
cellaneous blunt iniuries. Of the motor vehicle acci- 
dents, 18 (17%) involved motorcycles, six (6%) in- 
volved snowmobiles, and 10 (10%) involved pedestri- 
ans being struck by a motor vehicle. Thirteen (27%) of 
49 patients used their seat belts. 

Of the 10 sharp injuries (6% of all our patients with 
trauma) five were the result cf gunshot wounds. 

The injuries were classified according to body region 
(Fig 2). The most common type of injury was head 
injury, seen in 42% of our patients. The next most 
common was orthopedic injury, seen in 39%. This is in 
keeping with the fact that our patients almost exclu- 
sively suffered blunt trauma. Thoracic injury was seen 
in 29% of the patiemts; abdominal injury in 19%; max- 
illofacial injury in 35%; urologic injury in 11%; and eye 
injury in 5%. The least common was burn injury, 
which accounted for 2% of all injuries seen. Isolated 
occurrences of orthepedic and head injuries were 13% 
and 20%, respectively, of all cases. 

Mean hospital stay of these patients was 12 days, with 
a range of less than | day to 226 days. Mean cost of hos- 
pitalization was $6829, with a range of $408 to $68 726. 

Mean transport tme for patients seen primarily at 
MIBH was 1.6 hours, with a median of 1.0 hours and a 
range of 0.25 to 12 hours. Mean transport time for 
patients transferred from cther hospitals, including 
time from the accident to the:r arrival at MIBH, was 4.4 
hours, with a median of 3.6 hours and a range of 1 to 
24 hours. 

Diagnostic procedures performed were as follows (Fig 
3): peritoneal lavage, 7% of cases, with no false-positive 
or -negative findings; abdominal computed tomography, 
7%, again with no talse-posi-ive or false-negative find- 
ings; computed tomegraphic scan of the head, 28%; com- 
puted tomographic scan of the spine, 5%; and arteriogra- 
phy, 5%, including five arch eortograms, one abdominal 
angiogram, and two carotid angiograms. 

Forty-six patients (28%) required admission to the 
intensive care unit, and 68 patients (42%) were eventually 
taken to the operating room. Most of these procedures 
involved a surgical subspedalty. Patients who were 
transferred to the hospizal were often brought specifically 
for surgical subspecialty input. 

Mean ISS for our trauma population was 15, with a 
range of 1 to 59, and mean RTS was 7.07, with a range 
of 0 to 7.84. Mean ISS for patients treated primarily at 
MIBH was 14, and for transferred patients was 17. This 
difference is not statistically significant. 

Complications ocaurred in 12% of patients. The most 
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Fig 2.— Types of injury based on the body region that was injured. 
CNS indicates central nervous system; Ortho, orthopedic; ENT, ear, 
nose, and throat; Thor, thoracic; Abd, abdominal; and Urol, 
urologic. 
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Fig 3.— Breakdown of hospital resources and procedures used. OR 
indicates operating room; ICU, intensive care unit; and CT, com- 
puted tomography. 


common complication was infection, which developed 
in 16 patients. These were most commonly urinary 
tract infections and pneumonias. Diagnosis was missed 
or delayed in three patients. One delay in diagnosis of 
compartment syndrome resulted in a below-the-knee 
amputation. 

Long-term morbidity was seen in 19% of patients. The 
most common form of long-term morbidity was joint 
dysfunction, which occurred in 10 patients. Six patients 
experienced cerebral dysfunction after head injury, three 
experienced paraplegia or quadriplegia, and five experi- 
enced peripheral nerve or cranial nerve palsy. 

Twelve patients died, for a mortality rate of 7%. All 
12 who died had sustained a significant head injury. 
Seven were transferred patients and five were primary 
patients, making the mortality rate 11% for transferred 
patients and 5% for primary patients. This difference is 
not statistically significant. Mean ISS for patients who 
died was 33, with a range of 25 to 58, and mean RTS 
for patients who died was 4, with a range of 0 to 6.9. 
For patients who survived, mean ISS was 14, with a 
range of 1 to 59, compared with the mean RTS of 7.32, 
with a range of 3.22 to 7.84. 

The predicted number of deaths for our patient pop- 
ulation based on the Major Trauma Outcome Study 
norm was 14. Our actual number of deaths (12) was 
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Trauma Experience of a Rural Hospital 


Lewis C. Zulick, MD; Patrick A. Dietz, MD; Kathleen Brooks, PAC 


èe We sought to evaluate the ability of a small rural 
hospital with level 2 trauma capability to provide ade- 
quate care to the patient with multiple trauma. Using the 
TRISS method, we reviewed 163 patients with trauma 
admitted to our institution over 2 years. An outcome 
equivalent to those level 1 centers that contributed to 
the Major Trauma Outcome Study is documented. The 
clinical commitment and institutional resources neces- 
sary are discussed. 
(Arch Surg. 1991;126:1427-1430) 


tandardization of care for patients with trauma is be- 
coming more defined with the outcome of patients 
treated at level 1 trauma centers being analyzed as part of 
the Major Trauma Outcome Study.’ Through use of the 
TRISS (trauma score vs Injury Severity Score [ISS]) 
method,” an objective assessment of the care of patients 
with trauma can be made in comparison with large, 
state-of-the-art trauma centers. 

It has been pointed out that patients with trauma have 
higher mortality rates when treated at small, rural hospi- 
tals than at the larger, level 1 trauma centers.*° There are 
several proposed reasons for this difference in mortality, 
one of which is suboptimal care received at the rural hos- 
pital. Several studies have documented that level 1 
trauma centers serving rural areas can achieve good 
results once they receive the patient.°” However, very lit- 
tle has been reported on the outcome of patients with 
trauma treated at a small, rural, level 2 hospital with a 
commitment to provide trauma care. 


MATERIALS AND METHODS 


In this study, we used the TRISS method as an objective as- 
sessment of whether care rendered to the patient with trauma in 
a rural, level 2 trauma center can have outcomes equivalent to 
those documented at level 1 trauma centers. 

The Mary Imogene Bassett Hospital (MIBH) is a 180-bed 
hospital located in Cooperstown, NY. As part of the Susque- 
hanna Adirondack Regional Emergency Medical Services Sys- 
tem, we receive patients from a nine-county area with a total 
population of 562039 and an area of 16736 km’. The hospital 
is an affiliate of Columbia University and has a residency 
program in general surgery, but no surgical subspecialty 
training programs. All surgical and medical subspecialties re- 
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quired for a level 2 trauma center, except cardiothoracic sur- 
gery, are represented on the staff. We have an arrangement 
for transfer of patients with serious burns. An emergency 
department physician is available 24 hours per day. A trauma 
protocəl has been developed that requires notification of the 
surgical chief resident, general surgery attending physician, 
emergency department attending physician, anesthesiologist, 
operating room team, and radiology technician of the im- 
pending arrival of a patient with trauma. Because of transport 
times, all these personnel are available when the patient ar- 
rives. A full range of radiologic capabilities, including angiog- 
raphy and computed tomography, is located within yards of 
the emergency department and is readily available. 

We reviewed all patients with trauma transported directly to 
MIBHor transferred from other facilities in the area during 1984 
and 1985. Several patients initially evaluated at other hospitals 
and transferred here for specific procedures were omitted. All 
information pertaining to the cause of the trauma, transport 
times, use of hospital services, types of injury, and patient out- 
come were obtained from the chart review. 

Transfer times were obtained from ambulance records, when 
available, or from notes in the chart. Transfer times were deter- 
minab with certainty in 82% of primary patients and 74% of 
transferred patients. 

Operating room use included any surgery performed during 
that admission, not only that performed directly after arrival. 

The Revised Trauma Score (RTS), ISS, probabilities of sur- 
vival, and Z and M statistics were calculated for each patient 
based on the TRISS method.* The RTS was calculated from 
vital sgns and mental status at the time of arrival at our 
hospital. Injury Severity Score was calculated based on the 
1980 version of the Abbreviated Injury Scale, by reviewing all 
data available in the chart, including autopsy data. The ISS 
could be calculated in 162 of 163 patients, and the RTS in 160 
of 163 patients. 

Complications included those adverse sequelae not ex- 
pected as a natural outcome of the injury itself. Morbidity 
included any permanent or long-term adverse sequelae that 
arose as a direct result of the injury. Follow-up was complete 
in 90% of patients. 

Data were compared using x’ analysis or standard error 
difference, where appropriate. 


RESULTS 


One hundred sixty-three patients were admitted for 
trauma during 1984 and 1985. Sixty-six patients (40%) 
were transferred from other hospitals, and 97 (60%) were 
seen primarily at MIBH. Mean age of these patients was 
33 years, with a range of 3 to 82 years. Twenty-nine pa- 
tients (18%) were in the pediatric age group, ie, younger 
than 18 years. There were 103 (63%) male and 60 (37%) 
female patients. 
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Fig 3.—Anastomotic breaking strength with sutures in situ (suture- 
holding capacity) immediately and 3 days after surgery. Abbrevia- 
tions are as in Fig 2; IS, STI, and saline vs day 0, P<.001; day 3 ANS 
vs IS, and STI vs saline, P<.007. 


blasts replace neutrophils as the predominant cells in the 
wound. 

In this study, we maintained neutropenia for 3 days af- 
ter surgery and measured neutrophil accumulation in the 
target zone, ie, the wound margin, with an MPO assay. 
The amount and solubility of collagen were also mea- 
sured. With the suture technique used, anastomotic 
breaking strength in the control groups had decreased by 
approximately 70% after 3 days. The decrease was com- 
pletely prevented in the neutropenic rats (Fig 3). These 
findings provide evidence that the reduction in early 
wound margin strength is neutrophil dependent 
throughout the inflammatory phase. 

Activated neutrophils release several neutral protein- 
ases with the potential to degrade extracellular matrix in 
the wound margin and thus reduce its ability to support 
sutures. These proteinases belong to two different groups 
of enzymes, serine proteinases and metalloproteinases.° 
Human and rat neutrophils contain enzymes of both 
groups,’”"! and the serine proteinases leukocyte elastase 
and cathepsin G show important similarities in the two 
species.” 

Soybean trypsin inhibitor is a group-specific serine an- 
tiproteinase that effectively inhibits leukocyte elastase 
and cathepsin G of human and rat origin. The STI mark- 
edly improved suture-holding capacity (Fig 3) and was 
thus more effective than the endogenous proteinase 
inhibitors. This might be due to the small molecule size of 
STI and a high tissue concentration from the onset, 
achieved by the large loading dose. Because the mainte- 
nance dose should have secured maximal inhibition,” the 
reduction in anastomotic strength that still occurred in 
STI-treated rats indicates that serine proteinases did not 
account for all the degradative activity. 

The second group of enzymes, the metalloproteinases, 
are by definition not inhibited by serine proteinase inhib- 
itors. Metalloproteinases include neutrophil collagenase 
as well as tissue collagenase.” An increased activity of 
tissue collagenase has previously been proposed as the 
pathogenetic basis for the reduction in early anastomotic 
strength.'* This view is not supported by our findings, 
since the reduction was prevented by neutropenia. How- 
ever, metalloproteinase inhibitors alleviate the decrease 
in wound margin strength to some extent.’° It therefore 
seems likely that neutrophil collagenase, and possibly 
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Fig 4.—Anastomotic hydroxyproline content 3 days after surgery. 
Abbreviations as in Fig 2. 
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Fig 5.— Fatio of soluble to total collagen (measured as hydroxypro- 
line) in anastomotic segment 3 days after surgery. Abbreviations are 
as in Fig 2; ANS vs IS, P=.1. 


other metalloproteinases of neutrophil origin, participate 
in the inflammatory wound margin injury. A recent study 
on neu‘rophil-mediated degradation of basement mem- 
brane collagen found that 70% was due to serine protei- 
nases and 30% to metalloproteinase activity.” These pro- 
portions are fairly similar to those suggested by our 
results. 

The marked difference in breaking strength after 72 
hours (Fig 3) was not associated with a comparable 
difference in anastomotic collagen (Figs 4 and 5). How- 
ever, suture-holding capacity might be altered by local- 
ized collagen degradation, not detected in samples in- 
cluding the whole wound margin. Suture-holding 
capacity might even be influenced by damage only to 
those eollagen fibers that are located inside the suture 
loop. Suture pullout and wound dehiscence might con- 
sequently be the result of processes that occur only in the 
immediate proximity of sutures without affecting the 
wound margin at large. 


This study was supported by grants from the Swedish Medical 
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University, Malmö, Sweden, Tore Nilsson Foundation, and King 
Gustav V Jubilee Fund. 
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St Louis, Mo), dissolved in 0.9% saline, was administered as an 
intravenous loading dose of 270 mg/kg immediately after surgery 
and a subsequent maintenance dose of 75 mg/kg per hour. One 
milligram of STI inhibited 0.9 mg of trypsin, according to the 
manufacturer. 
Saline (n=12).—Centrol rats received 0.9% saline. 


Postoperative Analyses 


Breaking Strength Measurements. — The bowel loop contain- 
ing the anastomosis was removed and breaking strength across 
the anastomosis with the sutures in situ (suture-holding capac- 
ity) measured in a tensiometer that provided a constantly 
increasing force of 0.03 to 0.05 N/s. Mesentery and adhesions 
were then dissected off the specimens and the lumen was wiped 
clean. The previously marked anastomotic segments were ex- 
cised, weighed, and stored at — 20°C before analysis of myelo- 
peroxidase (MPO) act:vity (distal segment) and collagen content 
and solubility (proximal segment). 

MPO Assay.—A modification of the method described by 
Bradley et al’ was used. Specimens were homogenized in 
1.5 mL of 0.5% hexadecyltrimethylammonium bromide 
(Sigma Chemical Ca) and homogenization repeated after 2 
hours without adding new solvent. The solution was centri- 
fuged at 1000¢ for 10 minutes, the supernatant freeze-thawed, 
and 800 uL extracted with 700 uL chloroform. This solution 
was centrifuged at 1000¢ for 20 minutes and the supernatant 
used for analysis. Myeloperoxidase activity was assayed in a 
spectrophotometer; 100 uL of test solution was added to 
514 uL of 0.01 mol/L of phosphate buffer, pH 6.5, containing 
0.0006% hydrogen peroxide and 2 mmol/L of acetic acid, and 
86 uL of 1.56 mg/mL of o-dianisidinedihydrochloride (Sigma 
Chemical Co), which was used as hydrogen donor. The 
change in absorbance at 460 nm was measured at four 
15-second intervals. One unit of MPO activity was defined as 
the amount of enzyme reducing 1 pmol of peroxide per 
minute at 25°C. 

Collagen Analysis. —Specimens were minced and extracted in 
50 vol of 4 mol/L of guanidine hydrochloride in acetic acid buffer 
(pH 5.8) for 24 hours. Guanidine-soluble and guanidine- 
insoluble fractions were separated by centrifugation at 10009 for 
60 minutes, hydrolyzed in 6 mol/L of hydrochloric acid at 130°C 
for 6 hours, and washed three times in redistilled water. 
Hydroxyproline content was measured according to Stegemann 
and Stalder.’ 

Statistical Evaluatien. —Results are expressed as mean+SEM. 
Groups were compared using the two-sample rank-sum (Mann- 
Whitney U) test. Significance is claimed for two-tailed P<.05. 


RESULTS 


Anastomotic complications were not observed in any 
group. The preoperative dose of ANS caused a 90% 
reduction in the number of circulating granulocytes. 
Postoperatively, ANS-treated rats did not react with 
granulocytosis, and pclymorphonuclear leukocyte counts 
were thus less than 5% of those in controls (P<.001). The 
STI did not affect leukocyte counts (Fig 1). Absolute val- 
ues are shown in the figures. Postoperative mononuclear 
leukocyte counts were not significantly affected by ANS 
(results not shown). 

Anastomotic MPO activity 72 hours after surgery was 
depressed to below baseline values (P<.05) in ANS- 
treated rats and was markedly lower than in the control 
group (P<.01). Myeloperoxidase levels were similar in 
rats treated with STI and saline (Fig 2). 

Anastomotic breaking strength after 72 hours was 
reduced to 25% and 55% of initial strength (P<.001) in 
the saline- and inact:vated serum-treated groups, re- 
spectively. Breaking strength in ANS-treated rats re- 
mained on level with immediate postoperative 
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Fig 1.— Venous granulocyte count after administration of antineu- 
trophil seram (ANS, solid circles), heat-inactivated serum (open 
circles), soybean trypsin inhibitor (closed squares), or saline (open 
squares; mean+SEM); ANS vs other groups, P<.001 from 0 hours 
onward. 
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Fig 2.— Myeloperoxidase (MPO) activity in anastomotic segment 
immediately after surgery (day 0) and 3 days postoperatively after 
administration of antineutrophil serum (ANS), heat-inactivated se- 
rum (IS), soybean trypsin inhibitor (STI), or saline (mean +SEM); 
ANS vs day 0, P<.05; ANS vs IS, P<.01 


strength, while anastomoses in rats receiving STI re- 
tained 65% of their initial strength (P<.001 vs day 0 
and 72-hour saline controls, Fig 3). The total amount 
and solubility of collagen was similar in all groups after 
72 hours (Figs 4 and 5). 


COMMENT 


Suture-holding capacity in gastrointestinal anasto- 
moses may decrease by as much as 80% during the first 
3 postoperative days.** The underlying pathogenetic 
process seems to be triggered by the neutrophils, since 
suture-holding capacity remains intact in rats that are 
neutrophil depleted during the first 24 hours after sur- 
gery." Itis not known, however, to what extent neutrophil 
activity might affect this process during the remainder of 
the inflammatory phase, when macrophages and fibro- 
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Neutrophil-Dependent Decrease in 
Early Wound Margin Strength 


Thorvaldur Jonsson, MD, Hans Högström, MD, PhD 


è We evaluated the effect of neutropenia or administration 
of a serine proteinase inhibitor on the early suture-holding 
capacity of intestinal anastomoses in rats. One group of rats 
was treated with antineutrophil serum, and another group 
received the soybean trypsin inhibitor. Controls received 
inactivated serum or saline. Anastomotic suture-holding 
capacity (breaking strength), myeloperoxidase activity, and 
collagen were measured 0 and 72 hours after surgery. 
Suture-holding capacity decreased by 70% in controls and 
35% in soybean trypsin inhibitor—treated rats, but remained 
on level with immediate postoperative strength in neutro- 
penic rats, where low myeloperoxidase levels reflected ef- 
fective wound margin neutropenia. Collagen content and 
solubility were similar in all groups. These findings indicate 
that reduction in early wound margin strength is neutrophil 
dependent, and that neutrophil serine proteinases are 
important mediators in that process. 

(Arch Surg. 1991;126:1423-1426) 


Dum the first postoperative days, the integrity of a 

wound is mainly secured by the ability of the wound 
margins to support sutures.’* The suture-holding capac- 
ity in anastomoses throughout the gastrointestinal tract 
may decrease by as much as 80% during this period.** A 
decrease of such magnitude may predispose to anasto- 
motic insufficiency. 

A reduction in the suture-holding capacity of the 
wound margin is due to degradation of connective tissue 
proteins, particularly collagen.* The degradative process 
seems to be initiated by neutrophil granulocytes, since it 
does not occur in animals maintained neutropenic for 24 
hours after surgery.° After the first day, however, other 
mediators such as tissue collagenase and macrophage 
enzymes might also participate. 

To further evaluate the mechanisms involved, particu- 
larly the role of the neutrophils, we have studied the ef- 
fects of an extended period of neutropenia or administra- 
tion of a serine proteinase inhibitor on the suture-holding 
capacity of rat intestinal anastomoses. 
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MATERIALS AND METHODS 
Rats and Operative Model 


Two sets of experiments were done on a total of 66 male Wistar 
rats weighing 280 to 320 g. Operative procedures and postoper- 
ative analyses were identical in both sets. One set of experiments 
involved antineutrophil serum (ANS), and inactivated serum 
was usec as control substance. In the other set we used soybean 
trypsin inhibitor (STI), and control rats received 0.9% saline. All 
rats recerved the same volume of intravenous fluid, 9 mL/24 h, 
and had free access to water and pellets. Operations were done 
using anesthesia with intraperitoneal pentobarbital sodium, 60 
mg/kg body weight. Experimental protocols were approved by 
the Regional Committee for Ethics in Animal Research. 

Operacions were done in a clean but not sterile setting. Anti- 
biotics were not used. A catheter was placed in the iliac vein, 
tunnelec subcutaneously, and exteriorized on the back of the 
neck. A midline laparotomy was performed and the ileum 
transected 15 cm proximal to the cecum. An inverted, single- 
row, enc-to-end anastomosis was made with 14 interrupted su- 
tures of 7-0 polypropylene (Surgilene, Davis & Geck, Wayne, NJ) 
inserted 3 mm from the bowel edge. Knots were pulled tight, a 
technique that we have found to cause a reproducible reduction 
in subsequent breaking strength. To standardize the size of bi- 
opsy specimens for biochemical analyses, a single suture was 
placed 2 mm on either side of the suture line. The iliac catheter 
was passed through a rigid plastic tube sutured to the skin and 
connected to an infusion pump for administration of test or con- 
trol substances. The rats were then kept separate in cages that 
allowed the rats free movement while keeping the intravenous 
catheter out of reach. They were killed with pentobarbital 72 
hours pestoperatively. For baseline values, 10 rats were killed 
immediately following surgery and the anastomoses analyzed as 
in the stidy groups. 


Interventions 


ANS tn =11).—Blood was drawn from the tail vein and a se- 
midifferential leukocyte count performed with a Biirker cham- 
ber. The rats then received 2.2 mL of ANS intraperitoneally. 
Twelve hours later, a granulocyte count of 500/mL or less was 
considered acceptable for inclusion in the study. Neutropenia 
was maintained postoperatively by continuous intravenous in- 
fusion at ANS. Leukocyte counts were repeated twice daily, and 
rats with granulocyte counts above 500/mL were excluded from 
further study. Applying these criteria, 11 of 19 rats treated were 
available for evaluation. The ANS was prepared as described,° 
except that sheep and not rabbits were used to raise the serum. 

Inactivated Serum (n=13).—This group received heat- 
inactivated serum (56°C for 30 minutes) from nonimmunized 
sheep. 

STI (m = 12). —Soybean trypsin inhibitor (Sigma Chemical Co, 
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tireflux operations are associated with much lower rates 
of second surgery. Therefore, the incidence of esophageal 
dysfunction produced by the prosthesis seems too high to 
accept its routine use in the treatment of gastroesophageal 
reflux disease. 
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Invited Commentary 


The authors’ review of their 17 patients provides data re- 
lated to the use of the Angelchik prosthesis in general, but of 
particular interest are the results of their follow-up studies. 
These data indicate that migration of the prosthesis is still of 
concern because such migration occurred in one of their pa- 
tients. The authors have also documented a significant inci- 
dence of dysphagia related to use of the device. Three of four 
patients whose pres:heses were removed appeared to expe- 
rience dysphagia. As the authors indicate, the overall inci- 
dence of removal of the device during their study was 24%, 
and it appears that an adcitional removal will increase the 
incidence to nearly 30%. 

Although the prosthesis was removed by necessity more 
often in this study than in most other reported studies, sur- 
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geons should hesitate to use this prosthesis, regardless of 
whether this high complication rate or the lower complication 
rate reported by others is more accurate. The authors have 
carefully attempted to determine how the prosthesis might 
relate to esophageal and gastric dysfunction and have of- 
fered, but not proven, that lack of effect on gastric emptying 
may contribute to less benefit when compared with fundopli- 
cation procedures. 

Overall, this study is another in a series that suggests that 
application of this prosthesis should be limited until addi- 
tional data are available to indicate the benefits of its use. 

ROGER W. YURT, MD 
New York, NY 
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Fig 5.—Esophageal emptying measured as time needed for 95% of 
a bolus to clear the esophagus (n= 15). The median clearance be- 
fore surgery was 59 seconds; after surgery, 85 seconds (not signif- 
icant). 


% of Meal Remaining in 
Stomach at 100 min 


Fig 6.— Total emptying of solids from the stomach (n= 15). The me- 
dian value before surgery was 61%; after surgery, 52% (not signif- 
icant). 


patients for whom values were available both before and 
after surgery (Fig 7). 


Prosthesis-Related Complications 


Prostheses were removed from four patients. In two 
patients, dysphagia was the prime indication for removal. 
In one patient, dysphagia and reflux were the indications. 
The prosthesis was removed from the fourth patient be- 
cause of mild dysphagia and troublesome flatulence and 
bloating. However, reflux was not present in this patient. 
In one patient, the prosthesis migrated into the chest and 
severe symptoms of reflux returned. These symptoms are 
now controlled by administration of omeprazole. One 
patient had severe dysphagia and, as mentioned, is 
thought to have achalasia, although it is possible that the 
results of manometry in this patient are due to obstruction 
from the prosthesis. 


COMMENT 


This study and others establish that the Angelchik an- 
tireflux prosthesis seems to be effective in the short term. 
One report? suggested that long-term control is satisfac- 
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Fig 7.— Fatal emptying of liquids from the stomach (n= 15). Tso in- 
dicates time needed for 50% of a meal to clear the stomach. The 
median Tæ before surgery was 25 minutes; after surgery, 20 minutes 
(not signizicant). 


tory, although another study” suggested that elevated 
postoperative lower esophageal sphincter pressures as- 
sociated with the device decline over time. 

Initial problems with prosthesis migration appear to 
have been related to a design fault that has been cor- 
rected.’ The major controversy surrounding the use of the 
prosthesis is continuing dysphagia that necessitates its 
removal. 

Many reports document an incidence of prosthesis re- 
moval at a second operation of 10% or greater.” The in- 
cidence of removal in this study was 24%, and an 
additional patient will almost certainly have to have the 
prosthesis removed. There have also been reports?” of 
large sertes of patients in whom the rate of a second op- 
eration to treat dysphagia was low. This discrepancy is 
difficult to explain, as prosthesis insertion is not regarded 
as a technically demanding procedure in cases of uncom- 
plicated reflux disease. Articles defending the use of the 
prosthess by pointing to similar rates of recurrent reflux 
after other antireflux procedures!*"* often seem to miss 
the point that no other antireflux operation has a rate of 
second aperation anything near 10%, which is a rate 
commonly associated with the Angelchik prosthesis. 
The esopnageal emptying of a solid bolus as measured 
with a radionuclide test is a more physiologic test of 
function than are radiographs obtained after ingestion of 
barium.* Although group data did not show a significant 
worsening of dysphagia in our patients, this was proba- 
bly because of the small numbers involved. Four patients 
with severe dysphagia clearly had greatly delayed esoph- 
ageal emptying times. This seems to indicate that the 
prosthesis causes dysphagia via a straightforward me- 
chanical effect. 

We have previously reported that total fundoplication 
tends to accelerate gastric emptying of both solids and 
liquids." The Angelchik prosthesis led to no significant 
change in emptying of solids or liquids from the stomach. 
Despite this, more than half the patients suffered from 
some degree of bloating and flatulence. In five patients, 
this was cnly mild, but, in two patients, it was severe. 

This study confirms that the Angelchik prosthesis is an 
effective antireflux device, but one that interferes with 
esophageal function in some patients. Other effective an- 
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Fig 4.— Symptom scores for epigastric fullness, dysphagia, heartburn, and regurgitation (n= 16). 


crease in lower esophageal sphincter pressure after sur- 
gery. Based on results of pH testing at postoperative ma- 
nometry, none of the 10 patients experienced reflux. 


24-Hour pH Studies 


Seven patients underwent 24-hour pH studies before 
surgery, and six after surgery. Figure 2 shows these 
results, with paired studies joined. A trend showing im- 
provement in the time of esophageal exposure to acid re- 
flux was demonstrated. However, the sample size was too 
small for statistical analysis. 


Symptoms 


Six-Month Follow-up.—Figure 3 shows a significant 
improvement (P<.01) in the overall symptom score in the 
17 patients. Additional group data are shown in Fig 4 for 
heartburn, regurgitation, and epigastric fullness, all of 
which showed significant improvement. Dysphagia did 
not significantly improve overall. 

Most Recent Follow-up.—Median follow-up was 
33 months. After symptoms were assessed, seven pa- 
tients fulfilled criteria of category 1; three patients, cate- 
gory 2; one patient, category 3; and five patients, category 
4. Three of the patierts in category 4 had dysphagia alone; 
one, dysphagia and recurrent reflux; and one, recurrent 
reflux alone. The results of assessment in one patient were 
not recorded. 

Four patients had symptoms of recurrent reflux (recur- 
rent reflux was severe in only one patient), and nine had 
flatulence. Four of these nine also complained of bloating, 
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but the symptom complex was only severe in two 
patients. Thirteen patients complained of dysphagia, and 
three of these patients developed part of the symptom 
complex, necessitating removal of the prosthesis. Three 
patients had abnormal esophageal emptying values. 


Esophageal Emptying 

There was no correlation between esophageal empty- 
ing and the symptoms of dysphagia when the group was 
examined as a whole (Fig 5). However, the three patients 
whose prostheses were removed all had severely delayed 
esophageal emptying after surgery (450, >300, and 240 
seconds; normal median, 21 seconds; normal range, 7 to 
94 seconds). One patient with severe dysphagia had de- 
layed esophageal emptying (>450 seconds), but refused 
a second operation. This patient refused preoperative 
manometry, but postoperative manometry was sugges- 
tive of achalasia. 


Gastric Emptying of Solids 


There was no significant alteration in the percentage of 
the solid meal remaining in the stomach 100 minutes af- 
ter consumption compared with the percentage remain- 
ing in the stomach before surgery and 6 months after sur- 
gery (Fig 6). Similarly, there was no significant alteration 
in lag period or rate of emptying of solids. 


Gastric Emptying of Liquids 
Likewise, the emptying rate of liquids, as identified by 
levels of Tso, had not significantly altered among the 15 
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Fig 1.—Lower esophageal sphincter pressure measured using a 
sleeve. Ten patients for whom values were available before and af. 
ter surgery had a median pressure before surgery of 11.5 mm Hg and 
after surgery of 16 mm Hg (P=.05). 


inserted at an outpatient visit, and the patient was allowed to go 
home and return 24 hours later for removal of the electrode. Only 
eight patients agreed to this test. Of these, five underwent the 
test both before and after surgery. 


Endoscopy 


Preoperative endoscopy was performed in 16 patients to 
assess the degree of esophagitis. 


Esophageal Emptying 

Before the study of gastric emptying of solids, a 10-g disk of 
hamburger containing technetium Tc 99m-labeled chicken liver 
was given to each patient. The patient swallowed the disk and 
was instructed to swallow at 15-second intervals while cricoid 
movement was monitored. The number of swallows taken for 
the bolus to reach the stomach and the time taken for 95% of the 
activity to clear the esophagus were recorded.’ 


Gastric Emptying 


The assessment of gastric emptying was performed using a 
radionuclide-labeled solid and liquid meal.’ The solid compo- 
nent of the meal was a 100-g meat burger incorporating 1 mCi 
of technetium Tc 99m-labeled chicken liver. At completion of the 
solid meal, a 150-mL drink of 10% dextrose in water labeled with 
indium In 113m-diethylenetriaminepentaacetic acid was given. 
The study was conducted for 2 hours, and the images were 
stored on computer disk for later analysis. From these data, the 
following parameters were derived: the time needed for the solid 
meal to begin emptying from the stomach (lag period), the per- 
centage of solid meal remaining in the stomach at 100 minutes 
after consumption, and the rate of gastric emptying of solids 
(percentage of solids per minute). Emptying of liquids follows a 
monoexponential pattern that enables a calculation of the time 
for 50% of the meal to clear the stomach (Tso). 


Statistical Analysis 
Data were analyzed using Wilcoxon’s Signed Rank Test for 
matched pairs. 
RESULTS 


There were no significant surgical complications. All 
patients were available for follow-up 6 months after sur- 
gery for assessment of esophageal and gastric emptying. 
Clinical outcome was assessed over a longer period, with 
a median follow-up of 44 months (range, 7 to 52 months). 
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Fig 2.— flux as measured by PH. Seven patients were studied be- 
fore surgery and six patients after surgery; however, both preoper- 
ative anc postoperative values were available for only five patients. 
Squares. represent values for these five patients; circles, values for 
the three patients for whom only one value was available. The me- 
dian reflex before surgery was 15%; after surgery, 0.8%. All patients 
for whom preoperative and postoperative values were available 
showed 2 decrease in percentage of reflux after surgery. 


Symptom Score 





Fig 3.— Fctal symptom score assessing regurgitation, heartburn, 
dysphagia. epigastric fullness, vomiting, nausea, constipation, di- 
arrhea, and lack of appetite (n=16). The median total symptom 
score before surgery was 34; after surgery, 3.5 (P<.01). 


Endoscopy 


Sixteen patients underwent preoperative endoscopy, 
with 11 cisplaying erosive or ulcerative esophagitis and 
two of the 11 having associated Barrett’s esophagus. One 
of the 11 had a Schatzki ring. Patients without unequiv- 
ocal esophagitis all had unequivocal reflux, as demon- 
strated from results of pH testing and the presence of 
symptomatic disease. 


Manometry 


Fourteen patients underwent preoperative manome- 
try, and 11 demonstrated gross reflux based on results of 
short-term pH testing. Postoperative manometry was 
performed in 10 patients. 

Figure L shows the results of paired preoperative and 
postoperative studies, which indicate a significant in- 
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The Effect of the Angelchik Prosthesis on 
Esophageal and Gastric Function 


Guy }. Maddern, MBBS, PhD, FRACS; Jennifer C. Myers; Neil McIntosh, MBBS, FRACS; 
Franklin H. G. Bridgewater, MBBS, FRACS, FRCS; Glyn G. Jamieson, MD 


@ The effects of the Angelchix prosthesis on esophageal and 
gastric function were investigated in 17 patients (11 menand 
six women; median age, 57 years; age range, 36 to 88 years) 
who underwent surgery for treatment of gastroesophageal 
reflux disease. All patients demonstrated unequivocal reflux, 
either at endoscopy or 24-hour pH testing. There was a sig- 
nificant increase in lower escphageal sphincter pressure af- 
ter surgery, and no patient demonstrated abnormal reflux on 
pH testing. Gastric emptying of liquids and solids was not 
altered by surgery. Six months after surgery, all symptoms 
except dysphagia had significantly improved. Thirty-three 
months after surgery, six patients described symptoms as se- 
vere as or worse than those before surgery. Four patients had 
the prosthesis removed, two because of dysphagia alone, one 
because of reflux and dysphagia, and one because of flatu- 
lence and bloating. The patieats who required removal of the 
prosthesis because of dysphagia had gross delay of esoph- 
ageal emptying. W2 conclude that the Angelchik prosthesis 
is an effective antireflux device, but it interferes with esoph- 
ageal function in some patients, requiring removal of the 
prosthesis. We think the rate of removal of the prosthesis is 
too high for its routine use in the treatment of gastroesoph- 
ageal reflux disease. 
(Arch Surg. 1991;126:1418-1422) 


T he antireflux prosthes.s, known as the Angelchik 
prosthesis, was introduced in a 1979 report.' The 
prosthesis is an effective antireflux device, at least over the 
short term.’ Initial problems with migration of the pros- 
thesis may have been overcome by modification of the de- 
sign.’ 
Tangient dysphagia after insertion of the prosthesis, 
with early symptom resolution, is mentioned in most re- 
ports. However, some patients continue to have moder- 
ate to severe dysphagia, and some need to have the pros- 
thesis removed.* 
This study investigated the effects of the Angelchik 
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prosthesis on esophageal and gastric function in 17 
patients who underwent surgery for treatment of gas- 
troesophageal reflux disease. 


PATIENTS AND METHODS 


Seventeen patients underwent insertion of an Angelchik 
prosthesis for treatment of gastroesophageal reflux disease. 
Surgery was performed by one of two surgeons (F.H.G.B. or 
N.M.). The group comprised 11 men and six women (median 
age, 57 years; age range, 34 to 88 years). Fourteen of the 17 pa- 
tients were nonsmokers. In addition to insertion of the An- 
gelchik prosthesis, three patients underwent cholecystectomy. 
Vagotomy and pyloroplasty had been performed in one patient 
20 years earlier. 

All patients were asked to undergo assessment of symptoms, 
esophageal manometry, 24-hour pH testing, endoscopy, a test 
of esophageal emptying of solids, and a gastric emptying test 
before surgery and 6 months after surgery. Some patients 
refused to undergo all tests. Before surgery, gastroesophageal 
reflux disease had progressed to stage 2 or higher in all patients.° 


Assessment of Symptoms 


The symptom scoring method has been described previously.” 
It involves assigning a score based on the frequency and dura- 
tion of symptoms and multiplying this by a severity score to ob- 
tain a total score for each symptom. Symptoms assessed were 
heartburn, regurgitation, dysphagia, epigastric fullness, nausea, 
vomiting, constipation, diarrhea, and loss of appetite. Patients 
were described as belonging to one of four categories according 
to presence of symptoms after surgery: category 1, no symptoms 
or mild symptoms; category 2, moderate symptoms, but none 
affecting the success of operation; category 3, moderate symp- 
toms that resulted in a less than successful result; and category 
4, severe symptoms as bad or worse than before operation. 


Esophageal Manometry and Reflux Testing 


Lower esophageal sphincter and esophageal pressures were 
measured using a low-compliance infusion system (Arndorfer 
Medical Supplies Inc, Milwaukee, Wis), with a sleeve (Dent 
Sleeve Inc, Adelaide, Australia) placed across the lower esoph- 
ageal sphincter.° During manometry assessment, standard acid 
reflux testing was performed before and after instillation of 
300 mL of 0.1N HCI into the stomach.’ 


24-Hour pH Testing 


A pH assembly (Digitrapper MK II, Synectics Medical, Stock- 
holm, Sweden) was used to record reflux over 24 hours in 
patients who agreed to undergo the test. The pH electrode was 
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That the addition of a proximal gastric vagotomy to 
fundoplication should enhance liquid emptying even 
further than fundoplication alone is not surprising. It has 
been shown previously that proximal gastric vagotomy 
leads to abolition of receptive relaxation and accommo- 
dation of the fundus and body of the stomach, and thus 
increases pressure within the proximal stomach and 
associated acceleration of liquid emptying." 

It is less clear why fundoplication alone should lead to 
enhancement of liquid gastric emptying, although the 
technique used undoubtedly partially denervates the 
fundus and possibly the proximal body of the stomach, 
and so there may be an element of interference with ac- 
commodation and receptive relaxation similar to the sit- 
uation with proximal gastric vagotomy. As well, the dim- 
inution in capacity of the proximal stomach may lead to 
greater increases in gastric wall tension with smaller vol- 
umes, according to Laplace’s law. 

The effect of fundoplication on gastric emptying of solids 
is more difficult to explain. Current concepts of gastric emp- 
tying suggest that the antrum plays the major role in the con- 
trol of solid emptying.'*’® In animals it has been demon- 
strated that gastric distention not only induces accommoda- 
tion of the proximal stomach but promotes antral peristalsis. 
These effects are mediated by stretch receptors in the prox- 
imal stomach. The diminution in capacity of the proximal 
stomach with fundoplication may mean that smaller vol- 
umes will induce greater stretch, as mentioned above, and 
this would induce enhancement of antral peristalsis and ac- 
celeration of gastric emptying.’””* These effects are mediated 
via the vagus nerves,” and this provides an explanation for 
the loss of such enhancement of solid emptying after prox- 
imal gastric vagotomy in our patients. 

One of the patients with recurrent reflux had delayed 
solid emptying at the 3-year study, although one of the re- 
maining three had had delayed emptying on a preoperative 
study and another had delayed emptying at the 6-month 
study, and both of their emptying rates were at the upper 
limit for our normal range. Thus, our numbers are too small 
yet to know whether delayed gastric emptying actually pre- 
disposes to recurrent reflux, as has been suggested.” 

Hinder et al” suggested that failure to “normalize” gastric 
emptying was associated with continuation of symptoms. 
Our findings do not support this concept, as in 10 patients 
with troublesome epigastric fullness after meals, solid gas- 
tric emptying was delayed in only three, and liquid empty- 
ing in a further one patient. Furthermore, in six patients in 
whom solid emptying did not return to normal, there were 
no or only mild symptoms of epigastric fullness. 

At 3 years, the symptomatic outcome in patients in 
whom a proximal gastric vagotomy has been added is 
better than in the group having fundoplication alone (ie, 
91% in category 1 or 2 vs 65%). However, patients were 
not randomized, and the numbers are too small to do 
other than note the difference. 

If delayed solid gastric emptying plays any role in the 
development of recurrent reflux disease, then proximal 
gastric vagotomy may be seen as having a negative effect. 
However, the role of gastric emptying in the development 
of recurrent reflux disease remains to be determined. The 
reduction in acid secretion achieved by proximal gastric 
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vagotomy makes it a rational addition to fundoplication in 
the treatment of gastroesophageal reflux disease. 
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Thus, in group 1, the median half-emptying times were 
23 minutes preoperatively, 14 minutes at 6 months, and 
17 minutes at 3 years. In group 2, the corresponding fig- 
ures were 26, 15, and 20 minutes. Only the last figure 
failed to achieve sta-istical significance compared with 
preoperative studies. 


Preoperative 


Postoperative Postoperative 


Lag Period, min 
Fundoplication 


Median 45 
Range 
No. 20 20 


HSV and 
fundoplication 


Median ~6 
Range 22-83 
No. 31 


Rate of Emptying, %/Min 
Fundoplication 


Median 0.82 1.0 
Range 0.20-1.50 0.42-1.67 
No. 20 20 


HSV and 
fundoplication 


Median 0.75 0.83 
Range 0.44-1.40 0.12-1.39 
No. 25 33 


*HSV indicates highly selective vagotomy. 





T. for Liquid, min 


Preoperative 6 mo 3y 
Postoperative 
(n=20) 


(n=20) Postoperative 


(n=20) 


Symptomatic Outcome and Its Relationship to 
Gastric Emptying 

The cases of 31 patients have been reviewed at 3 years 
following their antireflux surgery (20 patients with fun- 
doplication [group 1] and 11 with fundoplication and 
proximal gastric vagotomy [group 2]), and symptomatic 
outcome has been completely documented in 28. 

In the patients having a fundoplication, seven have 
been assessed as being in category 1, four in category 
2, four in category 3, and two in category 4. The 
remaining three uncategorized patients do not have 
symptoms of reflux, but other possible symptoms have 
not been recorded. In the group having a fundoplica- 
tion and proximal gastric vagotomy, seven have been 
assessed as being in category 1, three in category 2, 
and one in category 4. 

In the total group, troublesome heartburn (ie, recurrent 
reflux) has developed in four patients, and solid gastric 
emptying was normal in three of the four at 3 years post- 
operatively. Ten patients have complained of trouble- 
some epigastric fullness after eating. Solid gastric empty- 
ing was normal in seven of these patients and delayed in 
the remainder at 3 years postoperatively. There has been 
no regression of columnar epithelium in the three patients 
with this condition. 


COMMENT 


We have reported previously that fundoplication en- 
hances gastric emptying,* and this has been confirmed 
recently." The latter study used a mixed meal so that it 
was impossible to determine separately the effects of op- 
eration on solid and liquid gastric emptying, as in the 
study reported herein. 


Preoperative 6 mo 3y 


(n=34) Postoperative 


(n=34) 


Postoperative 
(n=11) 





Fig 2.— This shows the time for gastric emptying of 50% of a liquid meal (Tsa) from the total stomach before, and 6 months and 3 years after, 
either a fundoplication (group 1, left) or a combined highly selective vagotomy and fundoplication (group 2, right). The short horizontal 
bars are the median valwes. In the group given fundoplication, the median values at 6 months and 3 years are significantly (P<.05) less than 
the median value preoperetively. In group 2, the median at 6 months is significantly (P<.05) less than the preoperative median. 
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Fig 1.— This shows the solid gastric emptying from the total stomach before, and » months and 3 years after, either a fundoplication (group 
1, left) or a combined highly selective vagotomy and fundoplication (group 2, right). The short horizontal bars are the median values. In 
group 1, the median values at 6 months and 3 years are significantly (P<.05) less than the median value preoperatively. 


attenuation. Several factors are derived from the histograms of 
solid and liquid emptying. For the solid component of the meal, 
these are the period before food leaves the stomach (the lag period), 
the percentage of meal remaining at 100 minutes, and the rate at 
which food leaves the stomach (percentage per minute). The 50% 
emptying time for the solid meal was not calculated because some 
patients did not reach a 50% emptying time during the study pe- 
riod. The only value studied for liquid emptying was the time taken 
for 50% of the liquid to empty from the stomach. 


Statistical Analysis 
Data were analyzed using the Wilcoxon matched-pairs test. 


Patient Groups 

Group 1 consisted of 20 patients (12 women, eight men; me- 
dian age, 56 years; age range, 22 to 72 years). The median 
follow-up time to the first postoperative gastric emptying study 
was 6 months (range, 5 to 7 months). The median follow-up time 
to the second gastric emptying study postoperatively was 39 
months (range, 37 to 40 months). Group 2 comprised 34 patients 
(14 women and 20 men; median age, 54 years; age range, 21 to 
76 years), and all patients had a postoperative gastric emptying 
study performed at 8 months (range, 4 to 14 months). Eleven 
patients have been studied at approximately 3 years’ follow-up 
(median, 40 months; range, 35 to 47 months). 


RESULTS 
Patient Assessment 


Forty-eight patients underwent preoperative esoph- 
ageal manometry. The median preoperative lower esoph- 
ageal sphincter pressure in group 1 vs group 2 was 17 
mm Hg (range, 0 to 46 mm Hg) vs 13 mm Hg (range, 0 to 
60 mm Hg), respectively. An assessment of 24-hour pH 
exposure was undertaken in 14 patients, and the median 
value for percentage of time with pH less than 4 was 10% 
(range, 2% to 50%). Endoscopic findings were available 
for 50 patients. Thirty patients showed unequivocal 
esophagitis. In the remaining patients, either 24-hour pH 
monitoring demonstration of unequivocal reflux (13 pa- 
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tients) cr strong clinical grounds (eg, troublesome regur- 
gitation without endoscopic esophagitis) were the indica- 
tions fo- surgery. All patients were referred by internists 
for consideration of surgery. 

Twenty-four patients were judged to have a hiatal her- 
nia endoscopically. Three patients in the group having a 
fundop ication and proximal gastric vagotomy had 
columnar-lined lower esophagus. 


Solid Gastric Emptying 


Figure 1 shows the percentage of the solid meal 
remaining at 100 minutes in the two groups of patients for 
the preoperative, 6-month postoperative, and 3-year 
postoperative periods. In group 1, a significant accelera- 
tion in emptying at both 6-month and 3-year periods was 
noted. The medians for this group were 59% preopera- 
tively, 44.5% at 6 months postoperatively, and 30.5% at 
3 years postoperatively. In contrast, no such acceleration 
occurred in group 2, with medians being 61%, 59.5%, and 
58% at the preoperative, 6-month postoperative, and 
3-year Dostoperative periods. 

The lag period for the groups is given in the Table. The 
findings reflect the solid meal retention at 100 minutes, with 
a trend toward shortening of the lag period at 6 months and 
3 yearsin group 1 (althougha .05 level of significance was not 
achieved) and either no change ora trend in the opposite di- 
rectionin the group having a fundoplication and vagotomy. 

The <indings for the rate of solid emptying are given in 
the Table, and the trends are less consistent, although at 
6 months postoperatively in group 1, the rate was signif- 
icantly faster than in the preoperative studies. 


Liquid Gastric Emptying 
The liquid gastric emptying results are shown in Fig 2 for 
the twə groups. There was a clear trend to acceleration of liq- 


uid er-ptying at 6 months and 3 years postoperatively com- 
pared with the preoperative studies in both groups. 
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Gastric Emptying After Fundoplication With and Without 
Proximal Gastric Vagotomy 


Glyn G. Jamieson, MS, FRACS, FACS; Guy J. Maddern PhD, FRACS; Jennifer C. Myers 


è Fifty-four patients having antireflux surgery (20 fundopli- 
cation alone [group 1] and 34 fundoplication with proximal 
gastric vagotomy [group 2]) had their gastric emptying as- 
sessed preoperatively and postoperatively. At 3 years after 
operation, in group 1, the emptying of a solid meal was sig- 
nificantly accelerated. In contrast, no such acceleration in 
solid emptying was observed in group 2. Liquid emptying 
was significantly accelerated in both groups of patients 
postoperatively. No consistent relationship was found be- 
tween symptomatic outcome and gastric emptying in either 
group of patients. We conclude that proximal vagotomy in- 
terferes with reflex pathways that are involved in the accel- 
eration of solid gastric emptying after fundoplication. 
(Arch Surg. 1997 ;126:1414-1417) 


Spicer has been the most frequently used oper- 

ation in the surgical treatment of gastroesophageal re- 
flux disease. The way in which the operation works is not 
completely understood, although there are undoubtedly 
several mechanisms. For example, reduction of the angle of 
His, restoration of a length of intra-abdominal esophagus, a 
one-way valve effect, an increase in lower sphincter tone, 
and prevention of the effects of gastric distention in trigger- 
ing transient lower-sphincter relaxations, may all playa role.’ 

It has been reported that 6 months after a fundoplica- 
tion, solid and liquid gastric emptying are accelerated 
compared with preoperative emptying, and this may be 
a further mechanism by which fundoplication achieves its 
success.* The addition of a proximal gastric vagotomy to 
fundoplication has been advocated because it reduces the 
major injurious component of refluxate, ie, acid, and aids 
in a technically more exact fundoplication.*° 

This study describes a consecutive group of patients 
who were operated on for gastroesophageal reflux disease 
whose gastric emptying was investigated preoperatively, 
and again postoperatively, during a 3-year period. Oper- 
ations carried out on the patients were either a fundopli- 
cation alone (group 1) or a fundoplication with proximal 
gastric vagotomy (group 2). 
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PATIENTS AND METHODS 
Patients and Operative Techniques 


The patients were derived from those referred to our unit for the 
surgical management of gastroesophageal reflux disease. The in- 
vestigations that patients underwent included esophageal manom- 
etry, endoscopy, 24-hour pH studies, and gastricemptying studies. 
The gastric emptying studies were repeated at 6 months and 3 years 
postoperatively. Where reflux symptoms had recurred after sur- 
gery, pH studies were conducted to confirm the recurrence. 

The fundoplication technique involved the fundus and upper 
part of the body of the stomach being mobilized and wrapped 
around the lower 4 to 5 cm of the esophagus. The wrap thus used 
anterior and posterior walls of the stomach.‘ The anterior vagus 
nerve was included in the wrap, but the posterior vagus nerve was 
excluded. In those patientsin whom proximal gastric vagotomy was 
undertaken, dissection of the lesser curvature extended from thean- 
tral corpus junction at the “crow’s foot” to the esophagus, which 
was mobilized for approximately 5 cm from the gastroesophageal 
junction.’ No selection was involved in the type of operation carried 
out. Proximal gastric vagotomy and fundoplication became our rou- 
tine technique for antireflux surgery during the review period. 
Thus, initially all patients had a fundoplication, and later all patients 
had a fundoplication and a proximal gastric vagotomy. 


Assessment of Reflux Disease and Symptomatic Outcome 


Reflux disease was assessed by routine esophageal manometry 
with pH studies and endoscopy. If endoscopy did not show un- 
equivocal evidence of reflux disease (ie, erosions or ulceration), 24- 
hour pH studies were undertaken, and only those patients showing 
a pH of less than 4 for more than 7% of the 24-hour period were 
classified as suffering from gastroesophageal reflux disease.’ 

Patients with achalasia, scleroderma, diabetes, and peptic ul- 
cer disease were excluded from the study. Patients were catego- 
rized inte the following four grades postoperatively: 1, no 
symptoms or minor symptoms; 2, moderate symptoms but not 
detracting from the outcome of surgery in the patient's view; 3, 
marked symptoms, either reflux or other symptoms; and 4, 
symptoms as bad as or worse than preoperative symptoms. 


Measurement of Gastric Emptying 


This test has been reported previously.” Briefly, it consists of 
a simultaneous measurement of gastric emptying using a solid 
meal of cooked ground beef, and a liquid meal of 10% dextrose 
in water, each of the meals being labeled with a different isotope. 
After an overnight fast, the test is performed with the patient seated 
in front of a scintillation camera. The solid meal is eaten during a 
5-minute period, and the dextrose solution is then drunk. Time 
zero is defined as the time of meal completion and the study is 
continued for at least 2 hours. Data are corrected for patient move- 
ment, radionuclide decay, computer scatter, and gamma ray 
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“We must make sure that policies are based on facts, not fears” 


Dr. Paul Volberding, Researcher, University of California, San Francisco, Member, American Medical Association 


Amid the rancor of politics and budget debates, 
the needs of the patient are often overlooked. And, it 
is forgotten that it is physicians who know the most 
about disease and the suffering of patients. 

Nowhere is this more true than with AIDS. 

“Throughout the history of epidemics, there has 
been the possibility of reactions and policy based on 
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congestants, and, when appropriate, culture-specific an- 
tibiotics. In seven (88%) of eight patients, sinusitis clini- 
cally resolved with these conservative treatments. One 
patient, who remained septic, required repeated aspira- 
tion and subsequent surgical drainage. No other compli- 
cations or deaths were attributed to sinusitis. 

Five patients (23%) had radiographic findings consis- 
tent with paranasal sinus abnormalities, but no clinical 
evidence of sinusitis. The source of one or more of the 
subtle signs and symptoms of sepsis could also be 
explained by other identified infectious processes. 

Mean burn size, mean age, and mean duration of intu- 
bation were not significantly different in this group. These 
patients received no treatment for sinusitis and suffered 
no sequelae. 


COMMENT 


There are numerous reports in the anesthesia, surgical, 
and otolaryngology literature identifying sinusitis as a 
complication of nasotracheal intubation."**"""" The pre- 
sumed etiology far this association is obstruction of the 
sinus ostia. This may occur either directly from an 
indwelling nasal tube or as a consequence of acute or 
chronic mucosal irritation, subsequent periosteal edema, 
and, ultimately, outflow obstruction. The normal resident 
flora of the paranasal sinuses then become pathogenic 
and clinical sinusitis ensues.” 

The diagnosis of sinusitis is difficult to make even in an 
outpatient setting. It has traditionally been based on find- 
ings of fever, headache, facial pain, purulent nasal dis- 
charge, and sinus tenderness. When medical history and 
physical examination are used alone, the diagnostic accuracy 
is only 60%. With conventional, plain, roentgenographic 
sinus series, diagmostic accuracy increases to 70% ‘eg 

In critically ill, intubated, and mechanically ventilated 
patients, interpretation of the classic physical findings in 
the burn patient is often perplexing, and the hypermeta- 
bolic state of burn patients makes evaluation of the febrile 
response difficult. In addition, obtaining a satisfactory 
five-view roentgenographic sinus series can be very cum- 
bersome for patients in the intensive care unit.’ Therefore, 
CT is preferred for evaluation of the paranasal sinuses. 
Pathologic conditions of the sinus demonstrated by CT 
include air-fluid levels in a sinus cavity, marked mucosal 
thickening, or sinus opacification.“ 

In this study, if the patient had CT evidence of sinus 
abnormality, conservative treatment was promptly insti- 
tuted. If clinical improvement was not noted within 48 


hours, then diagnostic antral punctures were performed. 


When the fluid was grossly purulent, both maxillary 
sinuses were aspirated, followed by gentle washings with 
normal saline. The initial aspirate was sent for Gram’s 
stain and culture. If gross purulence was not encoun- 
tered, sinus washings were sent for Gram’s stain and cul- 
ture bacteriologic evaluation. 

Based on these data, roentgenographic sinusitis can be 
further subdivided into a purulent, nonpurulent, or clin- 
ically asymptomatic form. Ninety-two percent of these 
patients were easily treated with conservative measures 
alone, although one patient required surgical drainage. 

Fifty percent of patients with sinusitis had a preburn 
history of sinus disease. Two patients had grossly puru- 
lent antral aspirates, and one patient required surgical 
drainage. Recurrent sinusitis developed in one patient 
following placement of a feeding tube 2 months later. 
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Thus, it appears that patients with a past history of sinus 
disease are predisposed toward developing sinusitis, 
which manifests in a more virulent form. Therefore, con- 
sideration should be given to prophylactic measures 
and/or early removal of all nasal tubes in these patients. 
Tracheostomy should be considered early in the clinical 
course when the nasotracheal tube cannot be removed. 
Burn patients have complex and unique problems not 
present in most other surgical patients. Nasotracheal in- 
tubation is extensively used for the following reasons. 
First, the vast majority of endotracheal intubations are per- 
formed ona semi-elective basis in an awake patient. Nasal 
intubation is least traumatic under these conditions. Sec- 
ond, the nasal airway is easily maintained and secured de- 
spite the presence of topical antimicrobials on the burned 
face and neck. Third, minimally sedated patients generally 
tolerate a nasal airway better than an oral one over a pro- 
longed period of intubation, and oral hygiene is more eas- 
ily and efficiently maintained. In addition, marked facial 
and pharyngeal edema early in the patient's hospital 
course generally prohibits safe routine conversion to an 
oral airway. Therefore, based on our findings, we do not 
recommend early conversion to an oral airway. Patients 
with CT findings consistent with sinusitis who present 
with sepsis of unknown etiology should undergo removal 
of all nasal tubes; tracheostomy, if continued ventilator 
support is required; and application of oral and topical na- 
sal decongestants. If no improvement is noted within 48 
hours, then proceed to diagnostic antral puncture. 
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Paranasal Sinusitis in Burn Patients Following 
Nasotracheal Intubation 


Ben L. Bowers, MD; Gary F. Purdue, ME; John L. Hunt, MD 


@ Paranasal sinusitis is a complication of nasotracheal intu- 
bation. Of 99 nasally intubated adult patients who survived 48 
hours after being burned, 22 who were intubated for more 
than 7 days underwent a computed tomographic scan of all 
paranasal sinuses, with timing dictated by the patient's clini- 
cal condition. Eight patients had computed tomographic and 
clinical findings consistent with sinusitis. Treatment consisted 
of removal of all nasal tubes, oral and topical nasal deconges- 
tants, and, when appropriate, culture-specific antibiotics. A 
subgroup of patients with preexisting sinus disease made up 
50% of the patients with sinusitis; early conversion to an oral 
airway or a tracheostomy should be considered in such 
patients. Only one patient required surgical drainage of the 
sinuses. The frequency and morbidity of sinusitis in nasotra- 
cheally intubated burn patients does not justify the risk of 
routine conversion to an oral airway. 

(Arch Surg. 1991;126:1411-1412) 


T he complication of paranasal sinusitis in association 

with nasotracheal intubation has generated numer- 
ous reports. *” Early conversion of a nasal airway to an oral 
route has subsequently been recommended.?** This usu- 
ally poses minimal risk to patients without burns. In the 
burn patient, nasotracheal intubation is frequently used 
because of patient comfort, efficacy of awake elective in- 
tubation, and ease of daily patient care.” Early conver- 
sion of a nasal to an oroltracheal airway may cause signif- 
icant morbidity and potential mortality. Sepsis in the 
paranasal sinuses is particularly difficult to diagnose in 
these patients. This study was undertaken to determine 
the frequency, morbidity, and methods of treatment of 
sinusitis in burn patients. 


PATIENTS AND METHODS 


Twenty-two nasotracheally intubated adult burn patients ad- 
mitted to the Parkland Memorial Hospital Burn Intensive Care 
Unit, Dallas, Texas, were evaluated. These patients were nasally 
intubated for airway protection and/or pulmonary dysfunction 
prior to or on admission. Five patients had a clinically significant 
inhalation injury, and 17 patients had burns on the face and neck 
and were intubated for airway protection. All patients required 
more than7 days of mechanical ventilation. Each patient underwent 
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computed tomography (CT) of all paranasal sinuses without con- 
trast enhancement. The timing of the CT scans was dictated by the 
patient's clinical condition. There were no complications during ei- 
ther transport or CT. The mean duration of intubation prior to the 
CT scan was 13 days (range, 7 to 23 days). The mean (+SD) burn 
size was 48% +22% of the total body surface area, (range, 7% to 
87%). Mean age was 40+ 19 years (range, 15 to 84 years). There were 
19 males and three females. All patients also had indwelling naso- 
gastric tubes. During the same period, there were 67 nasotracheally 
intubated burn patients who were intubated for fewer than 7 days 
and who showed no signs of sepsis. 

Although all 22 patients had one or more subtle signs of sep- 
sis (eg, leukocytosis, ileus, low-grade fever, and glucose intoler- 
ance), only eight patients had clinically significant sepsis of un- 
determined etiology, namely, leukopenia, leukocytosis with a 
white bleod cell count of greater than 15x10°/L, temperature 
greater than 40°C, or hemodynamic instability. No patient had 
facial trauma and none received steroids or prophylactic antibi- 
otics. Twelve patients received antibiotics prior to or were 
receiving antibiotics at the time of the CT scan. Indications for 
antibiotic usage were bronchopneumonia (eight cases), donor 
site cellul tis (three cases), and urinary tract infection (one case). 
A prebur history of sinusitis was noted in four cases. 


RESULTS 


Eight Datients (36%) had CT and clinical findings con- 
sistent wath sinusitis. Mean burn size in the sinusitis group 
was 49% +19% of the total body surface area, mean age 
was 41+16 years, and mean duration of intubation was 15 
days (range, 10 to 23 days). None of these values is sig- 
nificantly different from those in patients without radio- 
logic evidence of sinusitis. All eight patients required tra- 
cheostony for prolonged ventilator dependence. Five 
(63%) of the eight patients underwent diagnostic antral 
punctures. Selective criteria for antral puncture are not 
well defined in the literature or at our institution. Agree- 
ment was reached between the Otorhinolaryngology De- 
partmen- and Burn Service to proceed with antral punc- 
tures if clinical improvement was not noted within 48 
hours of conservative treatment. Two patients had grossly 
purulent aspirates yielding Enterobacter species, Staphylo- 
coccus epitermidis, and B-hemolytic Streptococcus in one pa- 
tient, and Streptococcus pneumoniae and Hemophilus species 
in the other. Two patients had nonpurulent, culture-posi- 
tive aspirates. Isolates from this group were Pseudomonas 
aeruginosa in one patient, and methicillin sodium-resistant 
Staphylococcus aureus in the other. Each of these patients 
had conaurrent bronchopneumonia with the same organ- 
ism. One patient had a culture-negative aspirate. 

Treatment of these eight patients consisted of removal 
of all nasal tubes, therapy with oral and topical nasal de- 
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geons well-trained and practicing in special areas of interest in 
their field of surgery but not having gone through a formal spe- 
cialized training program or a special certification process. 

However, such special interest and training should not be 
recognized by formal certification or by issuance of a certificate 
of special competenee by a specialty board or by an accrediting 
body. 


Accepting the American College of Surgeons’ position 
on certification, then why should not a diploma, indicat- 
ing completion of a fellowship in surgical oncology from 
an approved program by the Society of Surgical Oncology 
or a certificate of membership in the Society, serve as the 
document necessary to indicate the area(s) of competence 
and special interest? If individually we practice honestly 
according to the ideals of our profession and the ethics of 
the Hippocratic oath, our patients will be well served and 
we will be in a better position to provide a wider spectrum 
of services to them. Likewise, we might serve our patients 
better from the humanistic standpoint and again be rec- 
ognized as advocates for the patient. Also, the public im- 
age of the physiciam might be improved. As surgeons, we 
have a common personality dealing with patients, the 
unknowns of cancer, the need for immediate decision 
making, and definitive action in surgery. If we perform 
appropriately, offering our patients a broad measure of 
care based on our self-recognized capability, the patient 
will receive the best we have to offer. 

Unfortunately, our medical counterpart has certifica- 
tion and is or is beeoming known as the “cancer doctor” 
because of this. We should not fall into the same pattern, 
but identify ourselves as surgical oncologists (cancer doc- 
tors) based on training. knowledge, and experience in this 
area of special interest in surgery, and whether by 
diploma, membership, or self-designation, let it be 
known we are “cancer doctors.” 

James Ewing, Hayes Martin, Murray Copeland, 
Charles Mayo, and Harvey Baker were all leaders, teach- 
ers, and researchers. They were recognized as oncolo- 
gists, without formal certification in the field because cer- 
tification was not available in their time; yet, they gained 
respect as experts in this just special field of medicine. 

Let me quote from a recent newsletter (Royal Bank Let- 
ter. November/December 1990:4) on professionalism: “In 
essence, the professional man or woman is one who be- 
haves professionally, not necessarily one who has been 
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certified by a licensing body. Professionalism cannot be 
conferred on you by other people. It consists of what you 
expect of yourself.” 

M. J. Jurkiewicz, MD,’ as president of the American 
College of Surgeons, quoted and agreed with Frank H. 
T. Rhodes, president of Cornell University (Ithaca, 
NY), when he said, “Unbridled specialization in higher 
education is higher education’s mortal sickness leading 
to atomistic narrowness and incoherence.” In the 
words of John Donne, “’Tis all in pieces, all coherence 
gone.” 

It is only natural that those with a common interest join 
together to advance the science, improve their capability 
in the field, and provide sophisticated medical and surgi- 
cal care. We have the training, not always formal, and the 
desire to search for new knowledge and to practice what 
we have learned. We belong to learned societies and hold 
evidence by diplomas or membership certificates in these 
societies by meeting their requirements. We should cap- 
italize on our leadership role so that surgical oncology will 
be better established and recognized as a surgical specialty 
and those of us in this field recognized as cancer doctors. 
The satisfaction of having done our best for the patient 
should be recognition enough. 

Does all of this require formal certification by a certify- 
ing body with its implications in today’s socioeconomic 
environment and changes in health care delivery? I say no, 
but it certainly does not detract from making surgical on- 
cology just special. 
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several projected visits with Hayes Martin stimulated my 
interest in head and neck surgery, its multidisciplinary 
treatment, and improving the safety of radical surgical 
procedures that offered many patients life rather than 
death from advanced disease. 

Last, let me mention a good friend of yours and 
mine, whom we lost this past year: Harvey Baker, 
president of the Society of Surgical Oncology from 1977 
to 1978. Although he is dead, his memory and contri- 
butions to surgical oncology will always be with us. 
Harvey Baker and Ed Scanlon encouraged me to apply 
for membership in what was then called the James 
Ewing Society. This, at last, made me consider myself 
a surgical oncologist. 

This evolutionary process of exposure to others, study, 
time, clinical research, and reporting led me to the plateau 
that all of us interested in cancer seek—to offer patients 
the best surgical therapy for their disease. 

Some of you may not agree with my further remarks re- 
garding whether surgical oncology is a specialty or just 
special. It is a controversial subject. How is it best to rec- 
ognize the special areas of medicine and surgery? Pres- 
ently, there are more than 60 recognized specialties of 
medicine and surgery, many with formal certification that 
has led to fractionation of medicine in general, unfortu- 
nately contributing to the fractionation of the patient. No 
longer is a single physician most often in charge of the pa- 
tient. An explosion in technology and knowledge has in- 
creased the physician’s capability in diagnosis, treatment, 
and rehabilitation. However, these advances have further 
diluted the one patient-one physician relationship. Too 
often, then, one physician is no longer in charge of the pa- 
tient and the patient is considered a number or an object. 
The science of medicine may remain, but the art of med- 
icine and the humanism are lost. In many respects, this has 
led to the dissatisfaction with our health care system and 
contributed to the decreasing respect for the physician 
held by the public. However, these factors are not totally 
responsible since the third party—government, insur- 
ance, industry, and societal organizations —has moved 
into control and regulation, all of which was the province 
of the medical profession. We have lost a great deal of eco- 
nomic autonomy and are losing clinical autonomy. It ap- 
pears that we cannot regain control of all the administra- 
tive and financial matters in health care delivery, but we 
certainly should strive to regain all of the medical decision- 
making and humanistic side of medicine, which we have 
lost. This means maintaining a broad interest in medicine 
(not becoming categorized in an overly restricted area of 
medicine) and continuing to be the advocate for the 
patient. 

Surgery is a field of general interest and the basic 
knowledge of medicine should be shared by all surgeons. 
Beyond this, we have all selected and trained in the field 
of surgery or one of its major specialties. In addition, some 
have taken fellowships in fields of special interest. 

Is there the necessity for formal certification in an area 
of special interest? Many will say yes and I can accept the 
arguments in favor of this. A few years ago, I could have 
argued in favor of this position. But socioeconomic 
changes and changes in health care provision to the 
American population have softened my resolve, and I 
question the desirability of further formal certification of 
special areas of medicine and surgery. I prefer that the 
major specialties of medicine and surgery not be further 
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split. Te isolate surgical oncology by certification away 
from general surgery (already depleted) would be a death 
sentence to general surgery. 

On ar annual basis, there will be more than 1.5 million 
cases ofcancer and about 650 000 deaths from this disease. 
In no way can one restrict specialty care for so many peo- 
ple. However, members of a specialty society, such as the 
Society of Surgical Oncology, can provide the leadership 
for this “ield of medicine by providing educational oppor- 
tunities. information on clinical treatment of cancer, 
sophisticated care for those patients requiring it, and 
finally, research regarding cancer. By serving as leaders, 
we can influence and elevate the care provided the patient 
with cancer by the surgical community. 

Cady.” in his presidential address, emphasized a lead- 
ership role for the Society of Surgical Oncology since rec- 
ognizec surgical oncologists as members of the Society 
cannot do it all. It has been most appropriate for the So- 
ciety to sponsor programs in surgical oncology to train the 
leaders of the future, but to expect these “specialists” to 
care for all patients with cancer is unrealistic. Likewise, 
surgery has 11 major areas of specialty, and it is appro- 
priate to question whether a surgical oncologist can be an 
expert m all of them. 

How large a cadre of experts trained to be the leaders 
in surgical oncology is needed? The answer is “as large as 
necessary” to provide the leadership, education, re- 
search, and sophisticated care needed by a few. Hutchin- 
son® suggested that 250 to 300 such individuals, properly 
distrinuted geographically around the country, would 
upgrade all cancer care without disrupting the specialty, 
the practice of surgery, and its major specialties. Cady 
suggested that by graduating 40 to 50 fellows a year from 
the Society’s recognized programs, there might be about 
1000 trained oncologists to serve the medical community 
and the public. This might be a reasonable number for a 
leadership group. 

How should these “leaders and experts” be recognized? 
By formal certification, a society, or by self-designation? 
Based en education, study, and special interest, perhaps? 
Unfortunately, certification in the eyes of the public, hos- 
pital boards, and legal profession leads to licensing, 
which leads to credentialing issues and limitation or 
restriction of privileges among medical staff members. 
Too often this has led to difficulties in practice, added 
medical costs, and medicolegal problems, and often to 
dissatisfaction of patients with the care they have re- 
ceived. Let me quote, in part, from a statement by the 
American College of Surgeons’ on certification in areas of 
special interest in surgery: 


The grave hazard in recognizing these special areas of interest in 
surgery by formal certification is in the creation of legally restric- 
tive barriers. 

The medico-legal world makes the awarding of a certificate in 
training especially hazardous. Though such training is volun- 
tary, hospital trustees and administrators may and can restrict 
operating privileges to surgeons possessing a “certificate.” Oth- 
erwise, the hospital may be legally exposed for permitting a sur- 
geon without a certificate to operate, regardless of training. Ir- 
respective of intentions, a “certificate” becomes a “license.” 

The sssuance of certificates of special competence by one spe- 
cialty, although not intended to limit privileges in other special- 
ties, may tend to do so by delineation of privileges. Likewise, 
further undesirable fragmentation of fields of surgery may take 
place. Nor does certification recognize the qualifications of sur- 
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Surgical Oncology —A Specialty or Just Special? 


James Ewing Lecture 


Oliver H. Beahrs, MD 


i am indeed pleased and honored to have been invited 


to give the James Ewing lecture this year, and to be 
among those who have previously done so. To review the 
list of previous James Ewing lecturers makes one humble 
to recognize his peers, teachers, and associates from 
whom he has learned so much. Although I did not per- 
sonally know Dr Ewing, name recognition and respect for 
his great contribution to the field of oncology came as a 
medical student mere than 50 years ago when I bought 
and studied the fourth edition of his book, Neoplastic Dis- 
eases,' a classic contribution to the knowledge of cancer in 
his day. One could spend considerable time relating how 
this man has contributed to che professional life of each 
of us. Rather than relate what has been so eloquently 
stated by LaSalle Leffall* in his James Ewing lecture in 
1987, I recommend vour reading of his remarks as 
published in that year. 

We are what we are, personally and professionally, be- 
cause of those who have touched our lives and taught us 
in our development and those who continue to do so. This 
fact and philosophy are well stated by Albert Einstein,” 
who, in his own right, need rot have been humble when 
he said: 


How extraordinary is the situation of us mortals! Each of us is 
here for a brief sojourn; for what purpose he knows not, 
though he sometimes thinks he senses it. But without going 
deeper than our daily life, it is plain that we exist for our 
fellow man—in the first place ‘or those upon whose smiles 
and welfare all our happ:ness depends, and next for all those 
unknown to us personally bus to whose destinies we are 
bound by the tie of sympathy. A hundred times every day I 
remind myself that my inner and outer life depends on the 
labours of other men, living and dead, and that I must exert 
myself in orde! to give in the same measure as I have re- 
ceived and am still receiving. 


This same philosophy of lite was expressed by James 
Ewing’ when he said at a testimonial dinner in his honor: 
“The approval of one’s fellow man is a legitimate ambition 
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of every right-minded person and from this standpoint I 
am bold enough to regard the compliments of this occa- 
sion. Man is just what his friends make him. My friends 
have done well by me.” As W. W. Mayo said, “No man 
is big enough to be independent of others.” 

For more than 70 years, many people have touched my 
life and made it what it is today. Many are no longer with 
us, but many still are, and some are present in this room. 
It is impossible to give credit to all in a short period, but 
let me mention several. 

James Ewing is certainly one who stimulated my inter- 
est in oncology and pathology through his writings and 
research regarding neoplastic diseases and is, in part, 
responsible for my drift in the direction of surgical 
oncology. 

For many reasons, I must recognize the Mayo brothers, 
not only because of my association with the institution 
that they founded, but for the culture that they promul- 
gated. They made every effort to lessen the emotional, 
economic, and physical burdens of the patient. That is, no 
patient was ever refused treatment. All patients were ac- 
corded the same treatment regardless of economic or so- 
cial position. From the surgical standpoint, I have respect 
for the clinical contributions made by Dr Charles Horace 
to surgery of cancer and several anatomic parts, and Dr 
William James to that of the upper abdomen, particularly 
the stomach. 

Early in my residency in surgery, I worked with Albert 
Broders, who proposed a system of grading based on the 
degree of histopathologic cellular differentiation of tu- 
mors. This led to a lifelong interest in the staging of can- 
cer based on the anatomic extent of tumors and, currently, 
to other parameters that are important in determining the 
prognostic index for some malignant lesions. 

John de J. Pemberton taught me calmness, accuracy, 
and control in surgery of the thyroid and large bowel, and 
the importance of judgment in the treatment of cancer. 

None of us will ever equal Murray Copeland, but all of 
us benefited from his friendship, ideals, humor, politics, 
and, simply stated, guts. 

Loyal Davis taught me to seek excellence (not always 
reached by me) and accuracy in reporting, and to strive to 
always present the demeanor of a professional in all 
respects. 

Although I did not have formal training at Memorial 
Sloan-Kettering Cancer Center in New York, NY, my 
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lustrate these points, a few examples are in order. In un- 
treated patients, PSA level was directly proportional to 
advancing clinical stage, as well as to an increasing Glea- 
son pathologic score. The rate of PSA level increase accel- 
erated with time and correlated better with advancing tu- 
mor stage than did PAP.” Despite this statistical 
correlation, the substantial overlap between given ranges 
of PSA and the pathologic stege made accurate PSA-based 
staging difficult and not always useful on an individual 
basis.» After transurethral resection of prostatic tissue 
because of CaP or benign prostatic hyperplasia, the PSA 
level in the patient serum decreased rapidly and signifi- 
cantly.” A successful radical prostatectomy led to un- 
detectable PSA levels in 85% of patients, while a persis- 


' tent PSA level elevation was usually an indicator of 


residual disease.* Histologic and morphometric analysis 
of radical prostatectomy specimens documented a strong 
correlation of PSA in the serum with the volume of neo- 
plastic tissue. However, significant differences in PSA do 
exist between patients with and without capsular pene- 
tration greater tham 1 cm, seminal vesicle invasion, and 
pelvic lymph node metastasis. Prostate-specific antigen is 
also useful as a preoperative marker: patients with lymph 
node metastasis rarely hac serum PSA levels under 
10 ng/mL. Moreover, few in this group of patients 
achieved, after surgery, an undetectable level of PSA 
without additional hormonal or radiation treatment.” 

The response te therapy is generally reflected in 
changes in PSA concentrations. During 1 year after 
radiotherapy, PSA levels were decreasing in 82% of the 
patients; however, only 11% had undetectable PSA levels 
after 5 years. Increasing PSA values were correlated with 
progression to metastatic disease, residual tumor on 
prostate biopsy specimens, or a consequent poor prog- 
nosis as to the length of survival.* The anticipated initial 
response to antiancrogen therapy can be a dramatic de- 
cline in serum PSA level. Subsequently, 6 months after 
initiation of treatment, PSA serum levels may distinguish 
patients with a favorable and persisting response from 
nonresponders.” However, clinical progression has been 
missed in less than 12% of most series.” 


MEMBRANE-ASSOCIATED MARKER 7E11-C5 


Progress in immunology is advancing the detection of 
new diagnostic applications of previously known markers 
of prostatic neoplasia. Radioimaging of primary and met- 
astatic CaP lesions with monoclonal antibodies (MoAbs) 
against PAP has provided modestly encouraging re- 
sults.“*! Several MoAbs against PSA have shown poor 
sensitivity in limitec clinical trials. These observations 
are not particularly surprising, since PAP and PSA solu- 
bility and rapid secretion impair the cellular retention of 
specific antibodies and limit stable localization.* 

We developed a successfu. strategy to obtain a better 
MoAb by identifying an insoluble, membrane-associated 
macromolecule with a narrow specificity and CaP marker 
uniqueness.“ This was achieved with the use of mem- 
brane preparations of LNCaP cells, which are derived 
from metastatic lesiens of CaP, as an immunogen.* The 
resultant murine MoAb, 7E11-C5, was specificity- 
restricted to human prostatic epithelium, both normal 
and malignant. Only membrane-associated insoluble cel- 
lular fractions were reactive. Immunocytochemical stain- 
ing was very strong with CaP cells, moderate to weak with 
normal prostatic epithelium, and negative with other hu- 
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man organs, nonprostatic tumors, and a variety of cul- 
tured cells. No cross-reactivity with either PSA or PAP 
was seen. A competitive-binding enzyme-linked immu- 
nosorbent assay demonstrated circulating epitope, 7E11- 
C5, in 20 (47%) of 43 patients with CaP overall and in 14 
(61%) of 23 patients with progression. Extensive immu- 
nohistochemical, pharmacokinetic, and radioimaging 
characterization of indium 111-labeled MoAb prepara- 
tions in nude mice was performed. On the basis of 
favorable reactivity, in vivo specificity, and low animal 
toxic effects, a clinical investigation was initiated in 
patients with CaP. The phase 1 study evaluated safety, 
pharmacokinetics, and development of human anti- 
mouse antibodies with the use of the same radioconju- 
gate. In addition, preliminary data were obtained as to the 
ability of immunoscintigraphy to detect metastatic CaP 
lesions localized by the MoAb 7E11-C5. Bony metastases 
were detected in 21 (55%) of 35 patients, including 12 
(86%) of 14 receiving hormonal therapy. Soft-tissue le- 
sions were detected in four (87%) of six. A minimal 
response to murine proteins with no adverse reactions or 
antibody formation was observed.” A phase 2 study is 
under way. The potential for specific immunotherapy for 
CaP with the use of MoAb 7E11-C5 conjugated with ap- 
propriate cytotoxic compounds remains to be evaluated. 
The role of the 7E11-C5 marker epitope in CaP diagnosis 
and management by serum testing will be initiated. 


COMMENT 


Existing uncertainties in the interpretation of the mean- 
ing of CaP marker serum levels are rooted in our limited 
knowledge of the physiology and kinetic aspects of 
marker production, secretion, and penetration into the 
circulation. Different cell clones giving rise to metastases 
at different locations may have a different potential for 
marker expression. It seems that marker output is not 
constant but fluctuates under the influence of still un- 
identified factors. The serum level of a particular prostatic 
marker not only is a function of the overall amount syn- 
thesized but is also influenced by multiple events associ- 
ated with distribution and vascular penetration. 

We have shown that established human cell lines 
known to produce marker molecules respond to andro- 
gens and form tumors in nude mice. The LNCaP cell line 
is a good example of such a model.* Such leads developed 
in the laboratory have been very helpful. 

The link between clinical and basic laboratory studies on 
CaP markers continue to complement each other. Sucha link 
will be instrumental in developing a proper perspective and 
better understanding of CaP. Close collaboration between 
the scientist and the clinician will maximize our opportuni- 
ties for providing immediate relief to patients with CaP. 

Since 1970, the development of better technology by 
research advances when applied to the clinical problems 
of CaP has improved the ability to diagnose and treat pa- 
tients. At today’s rate of progress, more improvements 
will soon follow. The progress with genetic markers will 
likely be among these advances. 


I wish to acknowledge the assistance, collaboration, and inspiration, 
for more than 23 years, of my colleague Julius Horoszewicz, MD, who 
has contributed greatly to all these efforts and to this report. 
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identified as a specific phosphotyrosine AP—a glycopro- 
tein with a molecular weight of 100000 daltons, consist- 
ing of two nearly identical subunits, with multiple iso- 
electric points (isoelectric pI value, 4.2 to 5.5). Enzymatic 
activity of PAP was significantly inhibited by vanadate 
and tartarate. The enzyme hydrolytic site of PAP was lo- 
cated independently of the antibody binding site. The 
PAP half-life in circulation is short (7.3 hours), and a 
physiologic role is still unknown. In addition to the pros- 
tate, other organs produce PAP, albeit in small quantities. 

Several highly sensitive immunologic and immunoen- 
zymatic methods were developed, allowing measure- 
ment of the concentrations of PAP. Among methods that 
were introduced and rapidly assessed in a clinical setting 
were radioimmunoassays with either monoclonal or poly- 
clonal antibodies, solid-phase immunoadsorbent or im- 
munofluorescent assay, counterimmunoelectrophoresis, 
and an enzyme-linked immunosorbent assay." Many of 
these assays were developed between 1978 and 1982 at 
Roswell Park Memorial Institute, Buffalo, NY. Several 
studies using pathologic and clinical staging demon- 
strated no significant differences between most of these 
tests. From several publications, a consensus as to the 
limited utility of monitoring PAP serum levels in the as- 
sessment of CaP emerged.” Serum levels of PAP are not 
always elevated above normal in a localized tumor; 
therefore, such measurements are not suitable for early 
detection or screening of a general population. In addi- 
tion, false-positive findings do occur as a result of the 
limited specificity of PAP for CaP. Among conditions as- 
sociated with elevated serum PAP levels are benign pro- 
static hyperplasia, prostatic infarction, bacterial prostati- 
tis, prostatic trauma, prostatic massage, and circadian 
rhythm variations. A list of the nonprostatic conditions 
resulting in elevated AP levels, as measured by enzymatic 
assays only, is even more extensive and includes several 
other neoplasms, such as bone diseases, myocardial in- 
farction, embolism, and thrombophlebitis. 

The correlations between pathologically or clinically 
staged CaP and serum PAP levels were the object of sev- 
eral studies.'? A high percentage of elevated serum PAP 
levels were associated with advanced stages of CaP char- 
acterized by extensive metastatic spread. However, the 
absence of elevated PAP levels in one third of the cases did 
not exclude CaP dissemination. Other efforts to report 
results were highly variable, reflecting differences in lab- 
oratory methods, uncertainties in clinical staging criteria, 
or individual variability in PAP production and diffusion 
into the circulation. Nevertheless, PAP serum levels were 
used to monitor advanced CaP progression and regres- 
sion.” Although the serum PAP level was associated with 
the overall extent of CaP, this association was a complex 
one, and it was impossible to estimate the volume of neo- 
plastic tissue solely on the basis of PAP measurements.” 

Prostatic AP also has a significant value in immunohis- 
tochemical identification of CaP. Immunofluorescent and 
immunoperoxidase staining techniques with commer- 
cially available reagents are widely used today to posi- 
tively confirm or exclude the prostatic origin of tumor tis- 
sue of unknown derivation.” 


PSA 


Prostate-specific antigen, initially named prostate anti- 
gen, was isolated, characterized, and recognized as a 
unique organ-specific glycoprotein in 1979 by investiga- 
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tors from Roswell Park Memorial Institute.® Subse- 
quently this group reported the presence of PSA in serum 
of patients with CaP, identified normal and malignant 
prostate epithelial cells as the sole producers of PSA 
within the human body, and demonstrated the utility of 
monitoring PSA serum concentrations for diagnosis and 
prognostication in localized and disseminated CaP.*!* 

Unlike PAP, PSA is absent from other nonprostatic tu- 
mors. However, PSA, like PAP, is nota CaP-specific marker. 

y-Seminoprotein, semen El antigen, and seminal 
plasma protein p30 are identical to PSA but were described 
indeperdently by other investigators. These substances 
were defined as semen-specific markers useful in the fo- 
rensic analysis of sexual assault evidence.” 

The purification of PSA allowed its molecular character- 
ization as a single-chain glycoprotein with a molecular 
weight ef 34000 daltons, consisting of 240 amino acids, with 
multiple isoelectric points (isoelectric pI value, 6.5 to 8.0).”° 
Prostate-specific antigen is a glandular kallikrein with re- 
stricted chymotrypsinlike specificity and an important phys- 
iologic fnction of semen liquefaction through hydrolysis of 
semenozelin. The gene for PSA was cloned and its nucle- 
otide sequence established.* Antibodies to PSA are power- 
ful diagnostic reagents now used routinely for immunohis- 
tologic identification of both metastatic CaP and normal pro- 
static epithelium.” On the ultrastructural level, PSA 
immunoreactivity is localized over the endoplasmic reticu- 
lum, cy-oplasmic vesicles and vacuoles, and within the lu- 
mina of prostatic glands.” With a half-life of approximately 
2.2 days, the disappearance of PSA from the circulation is rel- 
atively rapid.” As with PAP, PSA levels undergo spontane- 
ous circadian fluctuations.” 

Measurements of PSA in the serum are highly sensitive 
and reproducible. Their method is based on radioimmu- 
noassayvs available commercially as kits either with two 
monoclonal antibodies (Tandem R, Hybritech Inc, San Di- 
ego, Celif) or with a polyclonal antiserum (Yang Labora- 
tories, 3ellevue, Wash). There are small, but significant, 
differences in PSA values obtained with each assay, as 
they arsse from differences in the kit calibration. The adop- 
tion of an international PSA standard should simplify nu- 
merical comparisons between these two assays. Another 
limitation in the interpretation of PSA serum levels is the 
range ef normal values, which reflects the differences in 
selecticn of the “normal” population of men used to define 
the ranges.” An additional factor complicating the defini- 
tion of normalcy is that PSA concentrations in the serum 
generaly reflect the total volume of secretory prostatic ep- 
ithelium regardless of whether it is normal or malignant. 
Thus, -he size of the prostate gland may influence the 
value. Asa result, the upper limit of normal PSA value is, 
to a certain extent, arbitrary. In particular, there is a range 
of PSA concentrations (between 1 and 10 ng/mL of serum) 
that can overlap three different clinical conditions (benign 
prostatic hyperplasia, prostatitis, and cancer). 

Our early expectations that PSA was a better marker in 
CaP assessment were exceeded. The practical value of 
PSA surpassed the utility of PAP determinations. Among 
the benefits of PSA are absolute specificity for prostatic 
tissue, precise measurements, rapid and quantitative re- 
sponse to the kinetics of tumor spread or regression, and 
a remarkable prognostication potential. False-negative 
results were rare, in the 2% to 10% range. The results of 
clinica trials, too numerous to mention, were in agree- 
ment es to the utility of PSA in CaP management.» To il- 
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Markers of Prostatic Carcinoma 
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è Markers of human prostatic cancer are important diag- 
nostic aids in the management of this most common tumor 
among US men. A rapidly expanding body of basic and clin- 
ical knowledge about the properties and behavior of these 
unique organ-specific macromolecules bridges the gap be- 
tween sophisticated immunochemistry and everyday prac- 
tice. As a consequence, the patient benefits, because greater 
opportunities for early detection of prostatic cancer provide 
more freedom in selecting the most effective treatment mo- 
dalities. Parallel improvement in quantitative assessment of 
an existing tumor mass allows earlier and more precise mon- 
itoring of the positive therapeutic responses and/or disease 
progression, as well as better overall prognosis. In addition, 
marker molecules can provide specific targets for antibody- 
directed therapeutic compounds active against prostatic 
cancer. This study focused on three such markers: prostatic 
acid phosphatase, prostate-specific antigen, and a new 
membrane-associatedimarker defined by a monoclonal antibody 
called 7£11-C5. A critical evaluation of clinical usefulness and 
for future dev are presented. 
(Arch Surg. 1991;126:1404-1407) 


T” most common malignant tumor among US men is 

prostatic carcinoma (CaP), representing 22% of all 
newly diagnosed cases. The estimated 1991 death rate 
from CaP of 32000 is second only to that from lung car- 
cinoma.' Clinical management of CaP presents a serious 
challenge. Nearly half of the patients present with disease 
that is spreading beyond the confines of the prostatic 
gland.* Late detection of CaP limits curative surgical or 
radiotherapeutic options anc may narrow treatment to 
hormonal manipulations, radiation, or chemotherapy. 
Regardless of the CaP clinical stage, there is a need for a 
precise, reliable, reproducible, rapid, and acceptable test 
for men that objectively reflects the disease presence, ex- 
tent, and response to therapy and prognosis. For this 
reason, a search for marker molecules has been in the 
forefront of cancer investigation. 

Markers for prostatic carcinoma could be defined as 
cellular products endowed with a high degree of specific- 
ity, detectability, and measurability, providing a quanti- 
tative, qualitative tool. The essential dilemma for the ex- 
pected diagnostic value of markers is that their measured 
levels differ significantly among clinical subgroups, re- 
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gardless of whether the objective is to screen, monitor, or 
prognosticate. Most agree that successful screening 
should narrowly identify high-risk individuals requiring 
further evaluation. An accurate diagnosis should include 
a distinction between localized and generalized disease. 
Clinical monitoring should reflect changes in tumor mass 
in response to therapy. Prognostication should inform 
about the disease dynamics and the potential for recur- 
rence. The complexity of the human biologic phenomena 
may lead to an apparent overlap of marker levels between 
patients in different categories.’ For this reason, clinical 
trials and complex statistical tools have been required for 
proper evaluation and firm delineation of marker utility. 
Marker macromolecules, by virtue of being derived from 
and physically associated with tumor tissue, could be se- 
lectively targeted by monoclonal antibodies conjugated 
with radioactive or cytotoxic compounds. Such conju- 
gates could provide opportunities for noninvasive tumor 
localization and, at a sufficiently high dose, induce selec- 
tive damage to neoplastic cells. 

Markers for CaP discovered thus far are produced by 
malignant, as well as normal, prostatic epithelium, which 
imposes limitations on their ultimate role in CaP man- 
agement. This report will focus on three such markers: 
prostatic acid phosphatase (PAP), prostate-specific anti- 
gen (PSA), and a new membrane-associated insoluble 
marker molecule containing an epitope defined by a 
monoclonal antibody, 7E11-C5. 


PAP 


Acid phosphatase (AP)—historically one of the first 
markers of human neoplasia—was described in 1936 in 
bony metastatic CaP tissue and a short while later in the 
serum of patients with disseminated CaP.*° These obser- 
vations suggested that AP could serve as an indicator of 
metastatic disease in CaP. A subsequently noted decrease 
in the serum level of AP after either castration or estrogen 
administration strongly suggested that changes in AP se- 
rum activity could reflect a therapeutic response.°® Ubiq- 
uitous in a variety of human organs and thus lacking 
specificity not only for CaP, but also for the prostatic ep- 
ithelium, AP was far from a perfect tumor marker. For 
many years AP was measured on the basis of its less than 
unique enzymatic activity until relatively selective sub- 
strates and inhibitors were introduced and evaluated.’ An 
AP isoenzyme associated with prostatic tissue was de- 
tected by serologic techniques, suggesting that PAP was 
antigenically distinct from other AP.° 

Extensive laboratory studies led to purification and 
molecular characterization of PAP.” Prostatic AP was 
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Discussion 


DaviD M. OTA, MD, Houston, Tex: When you looked at the 
false-pos-tives, you mentioned that this could be related to the 
breakdown of CEA in the lymph nodes. Have you done any im- 
munohis-ochemical staining of false-positive tissue or chemical 
analyses of tissue material that gave you a false-positive? 

DAVID ©. HOHN, MD, Houston, Tex: We have been working with 
the probes also, but we have run into a technical problem. I was 
wonderirg if you have had any similar experience. The probes that 
are available all have linear—-detection head geometry, and using it 
above the costal arch is exceedingly difficult, ifnot impossible. Have 
you deve oped any techniques for being able, for instance, to apply 
the probe to the surface of the liver? One of the things I would like 
to see is 2 right-angle head that looks a little bit more like the intra- 
operative ultrasound probe. We have looked at the 30° head, and 
itis very cifficult to get it high up on the liver—at least, that has been 
a frustration for us. 

SERGIC BERTOGLIO, MD, Genoa, Italy: Did you never observe 
false-positive CEA levels increasing after murine antibody injec- 
tions? 

JAMES 41. MUCHMORE, MD, New Orleans, La: It seems that this 
will be v=ry useful in staging patients for a recurrent disease in 
the abdamen, especially in patients who seem to have primary 
recurrence in the liver. If, in fact, you find that 60% to 80% of the 
patients have extrahepatic disease, how is this really going to 
change your course of treatment, especially since the primary 
determm ant in survival of these patients is hepatic metastasis? 

DR KLHN: We have done immunohistochemical staining of 
these benign lymph nodes that had concentrated the In- 
labeled entibody. Dr Jose Esteban, in our group, has shown an 
increased CEA staining within the histiocytes, the predominant 
antigen >rocessing cell within the lymph nodes. We cannot tell 
whetherthe antigen is present in the whole form or as processed 
fragments. We do know that the radiolabeled antibody that is 
concentrated in these nodes is broken down into low-molecular- 
weight Fagments, similar to what we have seen in the liver. We 
are currently very interested in the mechanism of CEA and an- 
tibody metabolism, and are investigating this area further. 

The probe does contain a 30° angle, which is very useful in the 
pelvis and around the liver. Although an increased angle may be 
beneficial for scanning the superior portions of the liver, I believe 
it woulc be detrimental for most other locations. It should be 
noted that even in the best of circumstances there will be limited 
applications of the probe for lesions embedded deeply in the 
liver. This is due to the inverse square law of radiation detection 
with les.ons that are farther away from the probe. 

We have tended to find previously undetected extrahepatic 
disease :n about 40% of patients explored for hepatic metastases. 
Although the presence of hepatic metastases is a major prog- 
nostic variable, we have found that we are able to control hepatic 
recurrences with the use of hepatic infusional chemotherapy 
followirg surgical resection of the hepatic metastases. Approx- 
imately 10% to 20% of patients will develop recurrence in the 
liver with this approach, and about 40% will develop recurrence 
outside the liver. In terms of change in clinical management, the 
combination of the scan and the probe may allow avoidance of 
laparotemy in patients with hepatic metastases if extra- 
abdominal disease is found. In patients who are explored, the 
finding of extrahepatic intra-abdominal disease could also avoid 
nonbereficial hepatic resection. Additionally, the localization 
and treetment of local or peritoneal recurrences facilitated by the 
probe may lead to improved disease control and survival. 

Certainly, the presence of HAMA may falsely elevate the se- 
rum CEA level when measured by the usual enzyme immu- 
noassay methods. In our previously published experience, well 
over 30% of patients who receive a murine antibody will develop 
HAMA and artifactual CEA elevation. These patients require a 
modified CEA immunoassay to correct the value for serum CEA. 
As these patients have often just had a potentially curative sur- 
gical resection, this correction of the serum CEA level is impor- 
tant in the follow-up and management of these patients. 
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had uptake at extra-abdominal sites. Six of the 12 patients 
who underwent pathologic evaluation had malignant neo- 
plasms (J.D.B., unpublished cata, 1991). Therefore, surgical 
intervention may be avoided in some patients with extra- 
abdominal ''In-MoAb uptake. 

An additional advantage of preoperative '"In-MoAb 
imaging is that it results in increased sensitivity of the 
probe, which can be focused at sites of uptake that may 
not otherwise be routinely scanned. The preoperative 
image also serves as a control for analysis of probe sensi- 
tivity and operator proficiency. 

Most importantly, MoAb imaging using an isotope with 
high-energy gamma emissions provides a “hard copy” 
image for evaluation of new antibody constructs (eg, chi- 
meric antibodies, tragments, and bispecific antibodies) in 
the rapidly changing field of radiolabeled antibody con- 
jugates. 

An intraoperative gamma detection probe and 
251-labeled MoAb have been used by investigators at Ohio 
State University in more than 100 patients with cancer of 
the colon, stomach, breast. ovary, and pancreas. An 
overall sensitivity ef 77% in detecting colorectal carcinoma 
has been reportec in 104 patients with primary and 
recurrent disease. Clinical management was changed in 
18 of the 78 patients explored because of recurrent colo- 
rectal cancer.” In patients with breast carcinoma, the 
gamma detection probe identified seven of eight patients 
with tumors histelogically confirmed to be malignant. 
Positive probe identification of tumor deposits was re- 
ported in four of five patients with gastric cancer and four 
of eight patients with ovarian cancer.'* The primary dif- 
ference between these experiences and ours is that an 
isotope with low-energy gamma emissions (“I [20 to 35 
keV] was used in the other studies. Although an isotope 
with low-energy emissions allowed use of a lighter, non- 
shielded probe, the lower energy precluded presurgical 
external gamma camera imaging. 

The gamma detection probe used in this study was de- 
signed with a cesium iodide crystal capable of detecting 
MIn emissions. The surrounding background activity was 
blocked by the lateral tungsten shielding. An analysis of 
all intra-abdominal lesions revealed the highest overall 
sensitivity with the probe (86%) compared with the CT 
scan (48%), the MeAb scan (67%), and laparotomy (76%). 
When hepatic and portal lesions were excluded, probe 
sensitivity for detection of intra-abdominal sites of malig- 
nant disease increased to 100% compared with the MoAb 
scan (56%), the CT scan (22%), and exploration alone 
(67%). The probe localized all lesions that were imaged 
preoperatively with the ''In-MoAb scan. More impor- 
tantly, the gammadetection probe localized three lesions 
that were not palpable at laparotomy. 

The intraoperative probe affected overall clinical man- 
agement in three of the 11 patients who underwent lap- 
arotomy. These changes underscore the clinical useful- 
ness of the intraoperative probe for localization of occult 
primary lesions, locaization of sites imaged preopera- 
tively due to ''Im-MoAb uptake, and intraoperative 
assessment of complete resections of tissue with in- 
creased *''In-labeled anti-CEA MoAb uptake. 

The specificity anc sensitivity of the intraoperative 
gamma detection prote are limited by the problems of the 
available murine MoAbs. The current problems include 
high background uptake of ''In-MoAb in the liver and the 
occasional high uptake of 'In-MoAb in draining lymph 
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nodes that are histologically benign. These areas may be 
identified as falsely positive by the scan or probe. Diffi- 
culties in probe detection of hepatic lesions are related to 
the distance of deeper lesions from the probe crystal (ac- 
counting for a significant reduction in counts per 10 sec- 
onds in lesions due to the inverse square law of radiation 
detection) and the acknowledged higher uptake of radi- 
olabeled material in the liver using the presently available 
antibodies and chelates. Hepatic uptake may be de- 
creased by adding sufficient amounts of unlabeled MoAb 
to bind circulating antigen before administration of a ra- 
diolabeled MoAb.” The development of new chelates or 
antibody fragments may further minimize the problem of 
hepatic uptake.” 

The presence of three false-positive supradiaphrag- 
matic and three false-positive portal node sites (increased 
'In-MoAb uptake in benign tissue) in this study high- 
lights a limitation of the current radiolabeled MoAbs. In 
fact, the probe was extremely useful in identifying areas 
of increased ''In-MoAb uptake for biopsy. The cause of 
this increased uptake is believed to be related to the 
antigen-filtering effect of the antigen processing cells 
(macrophages), which are known to engulf the antigen, 
degrade the antigen into fragments (eight to 200 amino 
acids), and recycle the antigen fragments to the cell 
membrane.” Either these fragments or other lipophilic 
fragments occurring during degradation of CEA may 
provide an appropriate binding site for a given circulating 
'NIn-labeled anti-CEA MoAb. We have recovered small 
amounts of CEA in several of the false-positive lymph 
nodes. Furthermore, immunohistologic staining to iden- 
tify CEA has demonstrated areas of CEA in the histiocytes 
of these lymph nodes, adding supportive evidence to this 
hypothesis (J.D.B., unpublished data, 1991). False- 
positive uptake occurs more frequently in patients with 
high serum CEA levels and bulky tumors. It is important 
to note that even with the current murine antibodies and 
the occasional false-positive sites, we have demonstrated 
significant benefits with the intraoperative probe. 

This study provides evidence to indicate the use of an 
intraoperative gamma detection probe combined with 
preoperative '’In-MoAb imaging for localization of re- 
current colon carcinoma. Important clinical uses of the 
intraoperative gamma detection probe include identifica- 
tion of lesions not apparent by any other means, intraop- 
erative localization of lesions identified with the In- 
MoAb scan, confirmation of appropriate tissue resection 
corresponding to areas of increased uptake on the 'In- 
MoAb scan, and assessment of the completeness of 
resections of lesions with '’In-MoAb uptake. With con- 
tinued use, a better understanding of the effect of the in- 
traoperative gamma detection probe on patient survival 
and disease recurrence can be obtained. 


This study was supported in part by grant CA 33572, program 
project CA 43904, and PHS training grant CA 09477 from the City of 
Hope Cancer Center. 
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Fig 1.—Planar anterior scintiscan 48 hours after injection of indium 
111-labeled anticarcinoembryonic antigen monoclonal antibody (5 
mg of monoclonal antibody and 5 mCi of "In; C110, Abbott Inc, 
Abbott Park, Ill) demonstrating a focus of uptake in the portal lymph 
node region (small arrow) and in the anterior mediastinum (large 
arrow). L indicates left; R, right; H, head; and F, foot. 





Fig 2.—Planar posterior scintiscan 72 hours after injection of indium 
111-labeled anticarcinoembryonic antigen monoclonal antibody (5 
mg of monoclonal antibody and 5 mCi of '"In; C110, Abbott Inc, 
Abbott Park, Ill) demonstrating increased uptake in the retroperito- 
neal nodal region (open arrow), the portal lymph node region (small 
solid arrow), and the right hepatic lobe (large solid arrow). L indi- 
cates left; R, right; H, head; and F, foot. 


The retroperitoneal area in which uptake was occurring 
underwent biopsy and resection under the guidance of 
the intraoperative probe. The retroperitoneal tissue con- 
tained adenocarcinoma suggestive of colorectal cancer. 
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Fig 3.—Coronal single-photon emission computed tomographic 
view of the pelvis 72 hours after injection with indium 111-labeled 
anticarcinoembryonic antigen monoclonal antibody (5 mg of mon- 
oclonal amtibody and 5 mCi of In) showing increased uptake in the 
left iliac segion (arrow).L indicates left; R, right; H, head; and F, foot. 


The patient developed extensive recurrent lesions 12 
months after exploration. 

CASE 3 (Identification of Local Recurrence).—A 62- 
year-old man with rising CEA levels presenting 2 years 
after an abdominoperineal resection and postoperative 
pelvic radiation for treatment of a Dukes’ B rectal lesion 
was found to have increased uptake of 'In-MoAb in the 
left iliac region (Fig 3). Results of all other preoperative 
studies were normal. The patient was prepared for 
abdominal exploration, and intraoperative radiation ther- 
apy was made available. No lesion was identified in this 
area on routine surgical exploration. Guided by the 
gamma detection probe, multiple biopsies of the area re- 
vealed a 1-cm area of adenocarcinoma that was removed. 
Comple<eness of the excision was verified using the 
probe. The area of tumor excision was subjected to intra- 
operative radiation therapy. The patient’s serum CEA 
level returned to normal, and the patient had no evidence 
of recur-ence 10 months after surgery. 


COMMENT 


Radiolabeled murine MoAbs that specifically target 
CEA have been available for more than 10 years. Radio- 
immuncdetection using radiolabeled anti-CEA MoAbs 
has been used in patients with carcinoma of the colon and 
lung.'** Beatty et al and others have reported the effec- 
tiveness of presurgical staging using radioimmunoscin- 
tigraphy to detect extrahepatic metastases of colorectal 
adenocarcinoma. 

In this study, we combined preoperative radioimmu- 
nodetection with use of an intraoperative gamma detection 
probe after injection with ''In-labeled—anti-CEA MoAb. Pre- 
operative '"In-MoAb imaging detected 59% (10) of all 17 
intra-abdominal lesions. The primary value of presurgical 
imaging is related to preoperative planning. Radioimmuno- 
scintigraphy provides additional information on potential 
extra-abdominal disease in the thorax and supraclavicular re- 
gions. Confirmation of disease in these sites is a contraindi- 
cation to abdominal exploration. Of 162 patients who under- 
went “ In-MoAb immunoscintigraphy at the City of Hope 
Nationa. Medical Center, Duarte, Calif, since 1985, 28 (17%) 
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Method of Identification Histologic Findings 


of Lesions MoAb Scan Probe CT Surgery Malignant Benign 









Location 






















Liver 8 0 1 
Porta 4 < 4 0 2 0 3 1 
Pelvis 3 3 3 2 2 3 0 0 
Retroperitoneum 1 1 1 0 0 1 0 0 
Colon 3 1 3 0 2 3 0 0 
Peritoneal implant 2 0 2 0 2 2 0 0 
Total, No. of Lesions (%) 
Overall 21 (100) 14 (67) 18 (86) 10 (48) 16 (76) 16 (76) 3 (14) 2 (40) 





Extrahepatic nonpcrtal 9 (100) 5 (56) 9 (100) 2 (22) 6 (67) 9 (100) 


*111In Anti-CEA MoAb indicates indium 111-labeled anticarcinoembryonic antigen monoclonal antibody; CT, computed tomography; 
malignant, adenocarcinoma of colorectal origin; benign, normal tissue or benign lesion; and N/A, not available. 


Table 3.—Supradiaphragmatic Lesions in Four Patients With Suspected Disease 
Based on Presurgical Imaging With ''In Anti-CEA MoAb* 


Method of Identification Histologic Findings 
Total No. eto Rory arta | Ak + ig aa a RT a a OR E 


Location of Lesion of Lesions MoAb Scan Probe Surgery Malignant Benign 


Mediastinum 
Supraclavicular 
Total 


*in Anti-CEA MoAb indicates indium 111-labeled anticarcinoembryonic antigen monoclonal antibody; CT, computed tomography; 
malignant, adenocarcinoma of colorectal origin; benign, normal tissue or benign lesion; and N/A, not available. 





cancerous. The portal lymph nodes showed increased ings obtained using the intraoperative probe. The specific 
11Tn uptake that had been localized. Based on the obser- advantages of preoperative “'In-MoAb imaging com- 
vation that portal lymph node uptake of "In-MoAbinthe bined with intraoperative probe use can be identified in 
presence of hepatic disease rarely represents portallymph a case analysis of these three patients. 

node metastases, dur presurgical staging evaluation ex- CASE 1 (Identification of Occult Primary Disease).—A 
cluded portal lymph nodes. Thus, for all other extrahe- 64-year-old man presented 2 years after resection of a 
patic and nonportal aodominal sites evaluated (n= 9), the Dukes’ C sigmoid colon carcinoma with evidence of he- 
probe identified malignant neoplasms in each case. In patic metastases based on a CT scan. A preoperative 
contrast, extrahepatic/nonportal sites histologically con- '"In-MoAb scan revealed positive uptake in the portal 
firmed to be cancerous were identified with the MoAb lymph node region and the anterior mediastinum (Fig 1). 
scan in five (56%) of nine cases, with a CT scan in two Use of the gamma detection probe during cervicomedias- 
(22%) of nine cases, and with surgical exploration in six tinal exploration resulted in identification of areas of in- 


(67%) of nine cases. creased ‘In uptake. Biopsy specimens from these areas 
= À were benign. Results of probe-directed biopsy of the por- 
Supradiaphragmatic Analysis tal lymph node performed during laparatomy showed the 
Four patients underwent surgical exploration of supra- lesions to be benign. However, routine scanning with the 
diaphragmatic sites imaged preoperatively with the ''In- probe identified an area of increased counts per 10 
MoAb scan (Table 3). Two patients underwent mediasti- seconds in the cecum. No lesion was palpable until the 
noscopy alone, one patient underwent supraclavicular right colon was reflected medially, allowing identification 
node biopsy alone, and one patient underwent both pro- of a 1-cm cecal lesion that was confirmed to be a separate 
cedures. Only one of the five lesions was clinically palpa- primary adenocarcinoma of the colon (results of a preop- 
ble (this lesion was also seen on the CT scan). In four erative barium enema had been normal). The patient un- 
cases, the intraoperative probe was very useful in identi- | derwenthepatic resection and right colectomy. His serum 
fying an adequate biopsy sample of the area with in- CEA levels returned to normal. 
creased ‘In uptake visible on the preoperative MoAb CASE 2 (Localization of Retroperitoneal Lymph 


scan. As we have seen with portal lymph nodes from Nodes).—A 39-year-old man was found to have hepatic 
bulky hepatic lesions, the pathologic analysis of these metastases on CT scan 1 month after resection for man- 


mediastinal and supraclavicular lesions revealed four be- agement of Dukes’ B sigmoid colon cancer. Preoperative 
nign lesions and one lymph node with metastatic disease '"In-MoAb imaging demonstrated increased uptake in 
consistent with adenocarcinoma of colorectal origin. the liver, portal region, and midportion of the retroperi- 
; toneal lymph nodes (Fig 2). Careful surgical exploration 

Patient Care Analysis failed to reveal evidence of extrahepatic metastases. Use 


The clinical treatment of three of 11 patients who ofthe gamma detection probe allowed appropriate biopsy 
underwent laparotomy was changed because of the find- of the portal lymph node, which was found to be benign. 
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Table 1 -—Immunoscintigraphy in Study Patients* 
Patient Data 


Indication for 
Immunoscintigraphy 


Mean Age, y 


Suspected liver metastases 
Rising CEA level 
Localized recurrence 
Total 
“CEA indicates carcinoembryonic antigen. 


tent factor in these clinical trials has been the use of a 
low-energy gamma emitter, 1I, which does not allow ex- 
ternal presurgical imaging. 

In this study, '"In-labeled anti-CEA MoAb was used for 
presurgical imaging of patients suspected to have recur- 
rent colorectal cancer. An appropriately shielded, hand- 
held, cesium-iodine gamma detection probe was used in- 
traoperatively to locate recurrent or residual tumor in 
these patients. Intraoperative probe detection of colon 
carcinoma sites was compared with abdominal explora- 
tion, CT scan, and MoAb scan with planar and single- 
photon emission computed tomography (SPECT). 


PATIENTS, MATERIALS, AND METHODS 


Twelve patients suspected to have recurrent colorectal cancer 
were included in the study (Table 1). Preoperative diagnoses in- 
cluded metastases limited to the liver (n=7), rising serum CEA 
level of occult origin (n=4), and suspected local recurrence 
(n= 1). Eleven patients underwent abdominal exploration, three 
of whom also underwent evaluation of suspected supradia- 
phragmatic disease. One patient underwent supraclavicular 
node biopsy alone. Preoperative studies included CT scan of the 
abdomen, chest roentgenography, and barium enema or 
colonoscopy. Chest CT scans were performed in all cases of sus- 
pected supradiaphragmatic disease. 


MoAb 


Patients received one of two available anti-CEA MoAbs: 
ZCE025 (Hybritech Inc, San Diego, Calif) or C110 (Abbott Inc, 
Abbott Park, Ill). ZCE025 was conjugated with a benzyl pentetic 
acid derivative as described by Meares et al.!° A benzyl isothio- 
cyanate compound was used for conjugation of C110 anti-CEA 
MoAb.” Each MoAb was labeled with "In (dose range, 4 to 6.5 
mCi). Labeling efficiency was confirmed to be 80% or greater by 
thin-layer chromatography. Labeled '"In-ZCE025 (1 mg) was 
mixed with 39 mg of unlabeled ZCE025 in approximately 50 mL 
of saline to produce the final '"In-ZCE025 solution, which was 
injected intravenously over 5 to 6 minutes. Labeled ™In-C110 
(5 mg) was also administered in 50 mL of saline over 5 minutes. 


Imaging 

Preoperative external gamma camera imaging was performed 
at various times between 48 and 192 hours after injection of 
‘““In-MoAb. A camera with SPECT capability (Toshiba 901, 
Toshiba Inc, Tustin, Calif) was used. In all patients, anterior and 
posterior (whole body and upper and lower abdominal) planar 
scans were performed. Planar scintiscans were performed, with 
windows being centered over the "In photon peaks at 172 keV 
and 247 keV. Single-photon emission computed tomographic 
images of the liver were routinely obtained in three planes. 
Other sites were selected for SPECT based on the planar images 
or other clinical data. 

Preoperative axial CT scans of the abdomen were obtained 
using a CT scanner (Synerview 1200 SX, Picker International, 
Dayton, Ohio). Chest and/or pelvic CT scans were also per- 
formed whenever possible. 
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Gamma Detection Probe 


The gamma detection probe consisted of a 6-mm-thick cesium- 
iodine crystal, a preamplifier, and an amplifier with a digital 
readout display. Technical evaluation of the probe revealed an 
energy resolution of 25% (change in energy at the photopeak 
energy) et the 172 keV photopeak and a sensitivity of 1136 cps/ 
Ci. Lateral and posterior tungsten shielding was incorporated 
into the probe to avoid background activity from the high-energy 
gamma emissions of "In. For intraoperative use, the photopeak 
was established at a threshold of 150 keV and a window of 50 keV 
to further minimize background activity. The activity response 
was linear with and without collimation. The pitch of the audio 
signal wes proportional to the number of radioactive counts per 
second. A detachable tungsten collimation hood was used to 
further d2=crease background counts. The probe was placed ina 
sterile transparent plastic sheath before being used in patients. 


Intraoperative Radioimmunodetection 


Exploratory laparotomy was performed in the usual manner 
between 5 and 22 days after "'In-MoAb injection. Particular at- 
tention was given to the areas of abnormality found on preop- 
erative MoAb and CT scans. The gamma detection probe was 
used to count all areas of clinically apparent tumor as well as the 
adjacent background tissue. The probe was also directed to gen- 
eral areas of interest, including retroperitoneal, mesenteric, and 
portal lymph node regions as well as the pelvis, colon, and ilium. 
A positive probe finding was defined as a tissue-background ra- 
tio of at least 1.5:1. Using the gamma detection probe, emissions 
from all suspected lesions and selected normal organs (liver, 
spleen, kidney, colon, small bowel, abdominal wall, and aorta) 
were counted three times each for 10 seconds. Areas that were 
suggestive of cancer based on intraoperative clinical findings or 
findings of intraoperative use of the gamma detection probe 
were resected and samples of the tissues sent for pathologic 
evaluation. Biopsy specimens were not taken from clinically 
normal sites. The tumor bed was scanned with the probe to as- 
certain completeness of resection. 

Patients with suspected supradiaphragmatic sites of disease 
underwent either mediastinoscopy or supraclavicular-node bi- 
opsy. The photo emissions of the biopsy specimens were 
counted ex vivo in the operating room with the probe to ensure 
that an appropriate specimen had been obtained. 


RESULTS 
Intra-abdominal Analysis 


A comparison of preoperative and intraoperative meth- 
ods of lesion detection was possible in 11 patients who 
underwent abdominal exploration (Table 2). The intraop- 
erative gamma detection probe identified 18 (86%) of the 
21 evaluable lesions identified using any method com- 
pared with 14 (67%) of 21 identified using the preopera- 
tive MoAb scan, 10 (48%) of 21 using the preoperative CT 
scan, and 16 (76%) of 21 using abdominal exploration 
alone. Three liver lesions were not identified with the in- 
traoperative probe. In direct comparison with surgical 
exploration, the probe detected five lesions that were not 
found on abdominal exploration: one primary colon 
lesion, one lesion of the retroperitoneal lymph nodes, two 
lesions ef the portal lymph nodes, and one locally recur- 
rent pelvic lesion. 

Nineteen of the 21 lesions were available for pathologic 
analysis. Samples from one hepatic lesion and one portal 
lymph node did not undergo biopsy. Histologic evalua- 
tion showed 16 to be malignant (adenocarcinoma sugges- 
tive of colorectal cancer) and three to be benign (normal 
or nonmalignant tissue). The three benign lesions were 
located in the portal lymph nodes of patients with CEA 
bearing hepatic metastases that were confirmed to be 
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@ In this study, presurgical gamma camera imaging and an 
intraoperative gamma detection probe were used in 12 
consecutive patients 6 to 22 days after infusion with indium 
111-labeled anticarcinoembryonic antigen monoclonal an- 
tibody (‘"'In-MoAb). In three of 11 patients who underwent 
laparotomy, clinical management was affected by the probe 
findings: localization of occult retroperitoneal disease, 
identification of an occult cecal lesion, and localization of 
residual disease at a site of local recurrence. Of all 
intra-abdominal lesions seen using any method, the probe 
identified 18 (86%) of 21, compared with 14 (67%) of 21 
with the ''In-MoAb scan, 10 (48%) of 21 by computed to- 
mographic scan, and 16 (76%) of 21 after surgical explora- 
tion. Uptake of ' In-MoAb in the portal (n= 3) and medi- 
astinal (n=3) lymph nodes was not associated with 
histologic findings of malignant neoplasms. For all patho- 
logically confirmed extrahepatic and nonportal sites of 
cancer, the probe localized nine of nine, compared with five 
of nine by ''In-MoAb scan, two of nine by computed 
tomographic scan, and six of nine by surgical exploration. 
Important clinical uses of the intraoperative probe included 
occult lesion identification, localization of areas with ''In 
uptake shown with MoAb scanning, and verification of 
complete resection of areas with ''In-MoAb uptake. 
(Arch Surg. 1991;126:1398-1403) 


C olon carcinoma remains the second leading cause of 

death amang patients with cancer in the United 
States, with approximately 50% of the 150000 patients 
with colon carcinoma dying of their disease annually.' At 
initial diagnosis, 30% of patients present with advanced 
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disease. In the 70% of patients who undergo resection 
with curative intent, approximately one third will experi- 
ence recurrence. Of the patients with recurrence, 18% 
have isolated distant metastases in the liver or lung, and 
25% have isolated local recurrence.* 

There is growing evidence that early detection and 
treatment of recurrent disease may lead to improved 
overall survival. Evaluation of serum levels of carcinoem- 
bryonic antigen (CEA) is routine in the postoperative 
management of colorectal carcinoma. Exploratory lap- 
arotomy has been advocated for patients with rising CEA 
levels.*° Martin et alf and others at Ohio State University 
have reported a resectability rate of 58% in 146 patients 
who underwent exploration because of rising CEA levels. 
The 5-year survival rate was 31% in patients who under- 
went resection.® The specific treatment of patients with 
recurrent disease is highly dependent on the location and 
extent of disease. The Hepatic Metastases Registry Group 
reported 5-year survival rates of 30% to 45% in patients 
who underwent resection of isolated liver metastases.’ 
Steele et alë and others®’ have shown improved disease- 
free survival after complete excision of localized recurrent 
colorectal carcinoma. 

Standard methods of patient evaluation after resection 
of colorectal cancer have primarily relied on computed 
tomographic (CT) scans and serum CEA levels to detect 
“potentially curable” recurrent disease. More recently, 
radioimmunodetection using radiolabeled monoclonal 
antibodies (MoAbs) directed against tumor-associated 
antigens has been used as a means of external imaging of 
metastatic deposits. Several studies’”*' have shown that 
radioimmunodetection can detect extrahepatic lesions not 
seen with CT scanning. 

In addition to external imaging, radiolabeled MoAbs 
have been used in combination with an intraoperative, 
hand-held gamma detection probe. Aitken et al’ first 
employed this technique in 1984 using an iodine 131- 
labeled anti-CEA polyclonal antibody. Since then, Martin 
et al and others'’** at Ohio State University have pub- 
lished results of a study involving a large number of pa- 
tients in which a cadmium-telluride probe was used for 
intraoperative detection of I-labeled anti-CEA, anti- 
TAG-72, and anti-17-1A MoAb in patients with colon, 
breast, stomach, ovarian, or pancreatic cancer. A consis- 


Colon Cancer—Kuhn et al 


TT ee re Ty 


Brief Summary 

TORADOL is a nonsteroidal anti-inlammatory drug (NSAID). TORADOL 15 mg/ml solution contains 10% (w/v) alcohol, USP, 
and 6.68 mg sodium chloride in sterile water. The 30 mg/mL solution contains 10% (w/v) alcohol, USP. and 4.35 mg sodium 
chloride in sterile water. The pH is adjusted with sodium hydroxide or hydrochloric acid. Indications and Usage: Indicated 
for the short-term management of pain. Not recommended for use as an obstewical preoperative medication or for obstetrical 
analgesia because it has not been adequately studied and because of the known effects of NSAIDs on uterine contraction and 
fetal circulation. Not recommended for routine use with other NSAIDs because of the potential for additive side effects. 
TORADOL protein-binding is affected by aspirin but not by acetaminophen, ibuprofen, naproxen or piroxicam. Studies with 
other NSAIDs have not been done. Has been used concomitantly with morphine-and meperidine without adverse interactions. 
Contraindications: Do not use in patients with hypersensitivity to ketorolac or with the complete or partial syndrome of 
nasal polyps, angioedema, and bronchospastic reactivity to aspirin or other NSAIDs. Warnings: Although TORADOL 
Injection is recommended for short-term use only, long-term administration of eral ketorolac has shown that this drug shares 
the risks of other NSAIDs when taken chronically. Serious GI toxicity, such as bleeding, ulceration, and perforation, can occur at 
any time, with or without warning symptoms, in patients treated chronically with NSAIDs. Remain alert for ulceration and 
bleeding in such patients, even in the absence of previous GI tract symptoms. In clinical trials, symptomatic upper Gl ulcers, 
gross bleeding or perforation appear to occur in approximately 1% of patients treated for 3-6 months, and in about 2-4% of 
patients treated for | year. Inform patients about the Signs and/or symptoms of serious Gl toxicity and what steps to take if they 
occur. Studies have not identified any subset of patients not at risk of developing peptic ulceration and bleeding. Except for a 
prior history of serious GI events, and other risk factors known to be associated with peptic ulcer disease, such as alcoholism, 
Smoking, etc., no risk factors (e.9., age, sex) have been associated with increased risk. Elderly or debilitated patients seem to 
tolerate ulceration or bleeding less well than others and most spontaneous reports of fatal GI events are in this population. 
High doses of an NSAID probably carry a greater risk of these reactions. In considering the use of relatively large doses (within 
the recommended dosage range), sufficient benefit should be anticipated to offset the potential increased risk of GI toxicity. 
Precautions: Impaired Renal or Hepatic Function: As with other NSAIDs, use with caution in patients with impaired renal or 
hepatic function, or a history of kidney or liver disease. Renal Effects: As with other NSAIDs, long-term administration to 
animals resulted in renal papillary necrosis and other abnormal renal pathology. In humans, hematuria and proteinuria have 
occurred in long-term trials with oral ketorolac with a frequency and degree similar to aspirin. A second form of renal toxicity 
has been seen in patients with conditions leading to a reduction in blood volume-and/or renal blood flow. In these patients, an 
NSAID may precipitate overt renal failure. Patients at greatest risk are those with impaired renal function, heart failure, liver 
dysfunction, taking diuretics, and the elderly. Discontinuation of the NSAID is typically followed by recovery. Use with caution 
in patients with impaired renal function as reduced creatinine clearance results in reduced clearance of the drug. Follow such 
patients closely. Fluid Retention and Edema: These have been reported with NSAIDs; use TORADOL with caution in patients 
with cardiac decompensation, hypertension, or similar conditions. Hepatic Effects: With NSAIDs, borderline elevations of liver 
tests may occur in up to 15% of patients. These may progress, remain unchanged, or disappear with continued therapy. 
Elevations of ALT (SGPT) or AST (SGOT) occurred in clinical trials with oral ketorolac in less than 1% of patients. Evaluate a 
patient with symptoms and/or signs suggesting liver dysfunction, or in whom an abnormal liver testhas occurred, for evidence 
of a more severe hepatic reaction. Hematologic Effects: TORADOL inhibits platelet aggregation and may prolong bleeding time 
but does not affect platelet count, prothrombin time (PT) or partial thromboplastin time (PTT). Carefully observe patients with 
coagulation disorders or who are receiving drug therapy that interferes with hemostasis. Inhibition of platelet function by 
TORADOL disappears within 24-48 hours after the drug is discontinued. In clinical studies, the incidence of clinically 
significant postoperative bleeding was 0.4% compared to 0.2% in the groups recewing opiates. Drug Interactions: TORADOL is 
highly bound to plasma protein (mean 99.2%), independent of concentration. /n wero binding of warfarin to plasma proteins is 
slightly reduced by TORADOL (99.5% control vs 99.3% with TORADOL 5-10 g/ml). TORADOL does not alter digoxin protein 
binding. At therapeutic concentrations of salicylate (300 pg/mL), in vitro binding of TORADOL was reduced from 99.2% to 
97.5%, a potential 2-fold increase in unbound TORADOL plasma levels: hence, use TORADOL with caution (or at a reduced 
dosage) in patients being treated with high dose salicylate regimens. Therapeutic concentrations of digoxin, warfarin, 
ibuprofen, naproxen, acetaminophen, phenytoin, tolbutamide and piroxicam did not alter TORADOL protein binding. In a study 
of 12 healthy volunteers given TORADOL 10 mg orally for 6 days prior to co-administration of a single dose of warfarin 25 mg, 
no significant changes in pharmacokinetics or pharmacodynamics of warfarin were detected. In another study of 12 healthy 
volunteers, co-administration of heparin 5000 U s.c. and TORADOL did not show any pharmacodynamic effects of the 
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combination on template bleeding time or kaolin cephalin clotting time. There isno evidence that TORADOL induces or inhibits 
the hepatic enzymes capable of metabolizing itself or other drugs. Some NSAIDs inhibit renal lithium clearance, leading to 
increased plasma concentration. This has not been studied with TORADOL. Some NSAIDs reduce the clearance of 
methotrexate, enkancing its toxicity. This has not been studied with TORADOL. TORADOL has been administered concurrently 
with morphine ineclinical trials without adverse interactions. Carcinogenesis, Mutagenesis, and Impairment of Fertility: 
Studies in mice and rats at oral doses equal to or 2.5 times the parenteral MRHD (Maximum Recommended Human Dose), 
respectively, showed no evidence of tumorigenicity. Ketorolac was not mutagenic in tests with S. typhimurium, S. cerevisiae, 
or E. coli and did not cause chromosome breakage in the /n vive mouse micronucleus assay. Impairment of fertility did not 
occur in male or female rats at oral doses 4.5 and 8 times the parenteral MRHD, respectively. Pregnancy: Pregnancy Category 
B: Reproduction:studies in rabbits and rats with daily oral doses 1.8 and 5 times the parenteral MRHD, respectively, did not” 
reveal evidence offharm to the fetus. Ketorolac caused delayed parturition and dystocia in rats at oral doses higher than the 
parenteral MRHB, ike other NSAIDs. There are no adequate and well-controlled studies in pregnant women. TORADOL should 
be used during pregnancy only if clearly needed and no known safer alternatives are available. Labor and Delivery: TORADOL is 
not recommendec for use during labor and delivery. Lactation and Nursing: After a single oral dose of TORADOL 10 mg to 
humans, the maximum milk concentration was 7.3 ng/mL and the maximum milk-to-plasma ratio was 0.037. After one day of 
dosing (gid), the corresponding values were 7.9 ng/ml and 0.025. Use caution when TORADOL is administered to a nursing 
woman. Pediatnewse: TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac is cleared 
more slowly by theziderly, who are also more sensitive to renal effects of NSAIDs, use extra caution and reduced dosages when 
treating the elderly Adverse Reactions: Adverse reaction rates from short-term use of NSAIDs are generally 1/2 to 1/10 
the rates associated with chronic usage. This is also true for TORADOL. In studies of patients treated for up to 1 year, the 
incidence of serious and nonserious ADRs, including GI tract ulceration and bleeding (yearly rate 1.2 105.4%), associated with 
oral ketorolac 10mg, 1 to 4 times per day prn, was comparable to treatment with aspirin 650 mg prn. Be alert for the usual 
complications of NSAID treatment. The adverse reactions listed below were reported to be probably related to TORADOL in 
trials in which patients received up to 20 doses of TORADOL 30 mg IM in 5 days. /neidence greater than 1%: Body as a whole: 
edema. Gl: nausea* dyspepsia® GI pain diarrhea. Nervous system: drowsiness,” dizziness, headache, sweating. Injection 
site pain was reported by 2% of patients in multidose studies (vs 5% for morphine). *Incidence of reported reaction 3%-9%. 
Reactions occurring in less than 3% are unmarked. /ncidence 1% or less: Body as a whole: asthenia, myalgia. Cardiovascular: 
vasodilation, palio. Dermatologic: pruritus, urticaria, Gl: constipation, flatulence, GI fullness, liver function abnormalities, 
melena, peptic ulcer, rectal bleeding, stomatitis, vomiting. Hemic and lymphatic: purpura. Nervous system: dry mouth, 
nervousness, paresthesia, abnormal thinking, depression, euphoria, excessive thirst. inability to concentrate, insomnia, 
Stimulation, vertige. Respiratory: dyspnea, asthma. Special senses: abnormal taste. abnormal vision. Urogenital: increased 
urinary frequency, oliguria. Drug Abuse and Physical Dependence: TORADOL is not a narcotic agonist or antagonist. 
Subjects did not show any symptoms or signs of withdrawal upon abrupt discontinuation of IV or IM dosing. Patients receiving 
TORADOL orally {cr = 6 months have not developed tolerance and there is no pharmacologic basis to expect addiction. 
TORADOL did not exhibit activity in classical animal studies which are reasonable predictors of opiate analgesic action. /n 
vitro, TORADOL does not bind to opiate receptors. Thus, TORADOL does not have central opiate-like activity. : 
Lack of experienceewith acute overdosage precludes characterization of sequelae and assessment of antidotal efficacy. At 
single oral doses > 100 mg/kg in rats, mice and monkeys, symptoms such as decreased activity, diarrhea, pallor, labored 
breathing, rales, and vomiting were observed, Dosage and Administration: TORADOL may be used on a regular schedule 
or prn, although current recommendations for pain management are to use analgesics on a regular schedule rather than prn 
based on the returr of pain. For the short-term management of pain the recommended initial dose is 30 or 60 mg IM as a 
loading dose, followed by half of that (15 or 30 mg) every 6 hours as long as needed to control pain. The recommended 
maximum total daily dose is 150 mg for the first day and 120 mg/day thereafter, The lower end of the dosage range is 
recommended for patients under 50 kg (110 pounds), for patients over 65 years of age, and for patients with reduced renal 
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è specialty composition 
e geographic distribution 
è organizational characteristics 


Available now... Medical Groups in the U.S.—A Survey of Practice 
Characteristics 1990 Edition is the ideal reference for anyone interested in 
current trends or involved with planning for the ongoing success of an 


Medical Groups in the U.S. is the only source of comprehensive information 
on medical groups. It summarizes and analyzes the latest survey data and 
census information for more than 16,000 medical groups throughout the 


Backed by the authority of the AMA 
The data you'll find in this reference is derived from the AMA Masterfile, 


the only database maintained on all U.S. physicians. 


Some specific areas of information addressed in the book: 


e managed care impact 
e hospital relationships 
e medical facilities 

è business equipment 


Here’s how you can order your copy now! 

Order this latest version of Medical Groups in the U.S.—A Survey of 
Practice Characteristics 1990 Edition. Order Number OP 390390. 
AMA Member $60, Non-member $90. Call 1-800-621-8335 and charge 
payment to your MasterCard or Visa. 
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Avoids narcotic side effects 
that can delay ambulation’ 





Flexible use, with or 
without narcotics 


Advantages for patients at 
narcotic and/or respiratory risk 


Convenient o6h regimen 


Can be supplemented with prn narcotic 
for severe or “breakthrough” pain “ 


TORADOL “ and narcotics may be administered concomitantly 
but not in the same syringe. 


References: 1. Brandon Bravo LIC, et al. The effects on ventilation of ketorolac in comparison with morphine. Eur J Clin Pharmacol. 
1988:35:491-494. 2. Camu F, et al. Hemodynamic effects of ketorolac tromethamine in comparison to morphine in anesthetised 
patients. in: 9th World Congress of Anaesthesiologists, Abstracts Volume |: Scientific Papers A0001 to A0506; May 22-28, 1988; USA. 
Abstract A0167. 3. Data on file, Syntex Laboratories, Inc. (ICM studies: 994, 1060, 1234, 1254, 1302). [TORADOL 30 mg IM (N=509), 
morphine 10 mg/12 mg IM (N=151) multidose studies; TORADOL 30 mg IM (N=103), meperidine 100 mg IM (N=102) single-dose 
studies. Nausea: TORADDL €%, morphine 21%/TORADOL 3%, me ridine 20%; Vomiting: TORADOL 5%, morphine 9%/TORADOL 1%, 
meperidine 12%; Somnolence: TORADOL 14%, morphine 34% /TORADOL 6%, meperidine 14%; CNS Effects: TORADOL 23%, morphine 
44% /TORADOL 21%, meperidine 30%] 4. Data on file, Syntex Laboratories, Inc. (ICM study: 1324). 

* As with other nonsteroidal drugs, the most frequently reported side effects are 
gastrointestinal, with some Gl symptoms reported by 3% to 9% of patients in clinical trials. 
See “Warnings,” “Precautions” and “Adverse Reactions” sections of product information. 4 
Please see summary ef product information on following page. 
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Discussion 
Davip C. HOHN, MD, Houston, Tex: Having done this proce- 
dure, and having visited with Dr Aigner in Germany a number 


of years ago, I have a number ef questions. I did not see really 
an outline of what yeur treatment regimen is beyond the filtra- 
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tion event. You indicated use of mitomycin, 5-FU, Adriamycin, 
platinum, and some new agents. Are you using any mainte- 
nance therapy in these people after the filtration? In other words, 
after you filter them, are they continuing to get intra-arterial 
treatment, for example, for liver metastases? Or, is it a single 
treatmenton which you’re basing your response? What regimen 
do you use, say for liver metastases? Aigner uses filtration a 
couple of times and then 5-FU as a maintenance therapy. We 
have examined the role of the maintenance therapy in patients 
with liver metastases and found a 50% to 60% response rate just 
with the intra-arterial FU. We had a lot of reluctance to conclude 
that the filtration was adding anything other than a lot of tech- 
nical complexity. What dose of mitomycin can you actually use 
in this system? I do not want to be adversarial, but 22 mg/m’ is 
not overwhelmingly high-dose therapy. That’s within range of 
what you can do without filtration. One of my concerns about 
Aigner’s work is that he is using 30 or 35 mg of mitomycin, which 
you can achieve without even resorting to the filter. Obviously 
there is more toxicity, but it’s not a large increment. We're 
working with the total isolation system that Dr Ravikumar is us- 
ing at Yale, and I would commend that as an interesting option. 
It is isovolemic and it uses a charcoal canister that has an 
extraordinary absorptive capacity. I think the approach is an in- 
teresting one and certainly worthy of further work. One last 
question— what was the actual response rate in the extrahepatic 
sites? 

DR MUCHMOERE: We will treat the patients up to three and four 
chemofiltrations spaced about 4 to 5 weeks apart, and in patients 
who have stable disease, then maintain them on intra-arterial 
systemic chemotherapy. For liver metastases, | have used the 
mitomycin-C and 5-FU and occasionally 5-FU and leucovorin. 
The dose of mitomycin that we’ve looked at is the maximum tol- 
erated dose of around 22 mg/m’. With this, the maximum toler- 
ated dose for 5-FU is around 750 mg/m’. I’ve looked at using this 
procedure for patients with recurrent disease to see if I can then 
make their tumor resectable. One gentleman who had a recur- 
rent pelvic tumor achieved a near-complete response and then 
was resected for cure. He then was treated once more with this 
regimen. The principle objective is to limit the time of the treat- 
ment period using high-dose regional chemotherapy. The ex- 
trahepatic sites actually respond better than the liver. The liver 
has a dual blood supply, and one of the things that I have dis- 
cussed with Aigner is that we probably need to do combined 
intra-arterial and intra-portal infusions with the hemofiltration 
really to get to all the liver tumor. 
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high-dose drug infusion by a constant infusion pump and 
rapid drug clearance allows the area under the curve con- 
centration times to be maximized for each chemothera- 
peutic agent. Normally, mitomycin C, in the dosage range 
from 15 to 30 mg/m?, would cause significant bone mar- 
row toxicity. Consequently, a dosage of 30 mg/m? usually 
could only be used in conjunction with autologous bone 
marrow transplantation." Mitomycin C, not being tightly 
protein bound, can easily be extracorporeally filtered. The 
peak systemic plasma level of chemotherapeutic agents 
like mitomycin C is rapidly recaptured extracorporeally 
from the systemic vascular compartment over a 20- to 40- 
minute interval, thereby limiting both short- and long- 
term systemic toxicity.** 

Of particular interest with this technique is that patients 
with advanced intra-abdominal malignant neoplasms can 
achieve complete or significant partial responses after 
having undergone unsuccessful chemotherapeutic regi- 
mens. Approximately 20% to 30% of patients who are 
unresectable or unresponsive to chemotherapy have 
achieved significant responses with mitomycin C and 
fluorouracil in the HICCH system, with 20% of these pa- 
tients living more than 18 months and two patients living 
more than 2 years. The best responses were seen in pa- 
tients with metastatic breast cancer to the liver, advanced 
pancreatic cancer, and metastatic colon cancer. The ma- 
jority of patients with colon cancer responded to HICCH 
after having undergone unsuccessful systemic chemo- 
therapy (Table 3). Likewise, Aigner et alf noted that 50% 
of patients with metastatic breast cancer to the liver had 
achieved a complete or partial response after unsuccess- 
ful systemic chemotherapy. Tumor resistance to systemic 
chemotherapy is a combined problem of drug delivery, 
tumor cell uptake of drug, or tumor cell resistance to che- 
motherapy, accounting for the responses seen in patients 
in whom systemic chemotherapy had failed. 2% 

Alkylating agents and antibiotics with a marked con- 
centration dependency are the most appropriate chemo- 
therapeutic drugs to use in the HICCH system. High 
doses of mitomycin C and most alkylating agents above 
the normal peak plasma level are strikingly tumor cyto- 
toxic in in vitro stem-cell assay systems.!!!2 However, 
when delivered in low doses according to systemic ther- 
apeutic regimens, they are not as effective, permitting 
DNA repair to occur within the tumor cell.% Antimetab- 
olites probably are not as useful in this system because 
they are better suited to schedules permitting long-term 
drug exposure to the tumor cell. 

Chemotherapeutic agents not tightly bound to the 
plasma protein fraction are the best agents for extracor- 
poreal hemofiltration. However, pharmacokinetics for 
the peak dose of cisplatin may permit this drug to be used 
when the intra-arterial infusion time is kept under 30 
minutes. Also, in a semiclosed system such as HICCH, 
the pharmacokinetics for most drugs require that the ar- 
terial infusion time be kept short—up to 30 minutes at 
most. Longer infusion durations would then allow diffu- 
sion of most chemotherapeutic agents from the central 
vascular compartment into other tissue compartments. 

Hemofiltration is most effective in recapturing high se- 
rum concentrations of a chemotherapeutic agent when a 
steep drug gradient across a semipermeable membrane 
can be established. Lower doses of a chemotherapeutic 
agent would only be amenable to recapture by long-term, 
12- to 24-hour extracorporeal hemoperfusion capsules. 
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Interestingly, attempts at recapture of chemotherapeutic 
agents with hemofiltration infused over 1 to 2 hours were 
successful in recapturing only 25% to 30% of these agents. 
Even though the hemofiltration was continued for.up to 
4 hours, there was significant rebound of the drugs used 
following termination of the hemofiltration process.” In 
our experience with short-term infusions of the chemo- 
therapeutic agents, however, drug rebound was not seen 
(Fig 4). 

High-dose intra-arterial chemotherapy with concomi- 
tant hemofiltration has potential utility in treating pa- 
tients with advanced intra-abdominal malignant neo- 
plasms. Once the pharmacokinetics are well defined for 
each drug used in this system, it will be possible to eval- 
uate HICCH in terms of tumor response and survival 
against that achievable with systemic chemotherapy. 


This work was supported in part by Plastik fiir die Medizin GmbH, 
Köln, Germany, and the Ladies Auxiliary of the Veterans of Foreign 
Wars. 
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Fig 4.—Pharmacokinetics of mitomycin C in the regional chemo- 
therapy and hemofiltration system. Top, Pancreatic infusion of 
35 mg of mitomycin C, with the recapture of mitomycin C. Center, 
Hepatic arterial infusion of 45 mg of mitomycin C. Bottom, Aortic 
infusion of 40 mg of mitemycin C. Open circles indicate plasma 
drug fraction before the hemofilter is used; closed circles, plasma 
drug fraction after the hemofilter is used; closed squares, filtrate 
fraction; and open squares, peripheral blood fraction. 


oped acute colitis that resolved after approximately 8 
weeks. Four patients developed significant leukopenia 
(1.4 to 2.2 x 10°/L) and one experienced significant throm- 
bocytopenia (15 x 10/L). Three of these patients, how- 
ever, had been treated previously with chemotherapy for 
a mean of 3 to 4 years. One of these patients achieved a 
complete response of the liver metastases with HICCH 
even though the patient was unable to tolerate normal 
systemic doses of chemotherapy (Fig 2). 

The pharmacokinetics of mitomycin C within the 
HICCH system demonstrated a significantly increased 
total body clearance of the drug. The clearance of mito- 
mycin C was evaluated following regional arterial infu- 
sion of the liver, pancreas, and peritoneal cavity. Follow- 
ing completion of the arterial infusion, the peak serum 
dose returning to the hemofiltration unit was reduced by 
approximately 80% over a 20- to 40-minute period (Fig 4). 
Likewise, the serum levels of mitomycin C measured in 
the peripheral circulation were rapidly reduced. No 
rebound of drug was seen up to 30 minutes following the 
cessation of the hemofiltration. 
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COMMENT 


The treatment of advanced intra-abdominal malignant 
neoplasms and hepatic metastases arising from a variety 
of solid tumors represents a particularly troublesome 
problem for the surgeon. At initial exploration, it is not 
unusual to find intra-abdominal malignant neoplasms 
that are unresectable. Likewise, it is relatively common for 
patients with advanced intra-abdominal malignant neo- 
plasms to return to their surgeon shortly following resec- 
tion with obstructive complications from advanced or re- 
current disease. In the majority of cases, patients are 
treated with systemic chemotherapy with only minor re- 
sponses and little or no survival benefit. 

Only recently has the use of regional chemotherapy, 
studied in the early 1960s, been reinvestigated using 
newer chemotherapeutic agents and been found to have 
improved response rates and possible survival 
advantages.'* The rationale of using higher regional 
doses of chemotherapeutic agents is to improve survival 
as well as tumor response rates. Treatment of advanced 
limb melanoma and soft-tissue sarcoma with isolated re- 
gional perfusion remains the best model for use of 
regional chemotherapy.” 

The difficulty with regional perfusion techniques within 
the abdominal cavity results from the protracted time 
needed to gain vascular access to different and indistinct 
anatomic regions within the abdominal cavity. Only the 
liver is truly accessible to regional isolated perfusion. The 
response of bilobar metastatic disease from colon cancer is 
excellent, with approximately 6% of patients having their 
disease controlled for more than 5 years. However, only 
3% to 10% of patients with liver metastases from colon can- 
cer have truly isolated liver disease.” The majority of pa- 
tients experience failure with recurrent disease within the 
liver, following isolated liver perfusion for colon cancer. 
The hepatic failure may more commonly result from rein- 
troduction of metastatic disease into the liver from the 
peritoneal cavity as opposed to the failure of regional ther- 
apy. Likewise, regional perfusion of the pancreas as a 
treatment for pancreatic cancer has been described.” In 
patients with advanced pancreatic cancer, however, more 
than 65% have tumor cells evident on cytologic evaluation, 
making this, like advanced colon cancer, a disease of the 
entire peritoneal cavity.” 

The use of HICCH is a newer technique for delivering 
high-dose regional chemotherapy, which is relatively less 
complicated and has greater versatility than isolated 
regional perfusion. High-dose intra-arterial chemother- 
apy with concomitant hemofiltration is a semiclosed 
technique that does not require total vascular access to a 
region and currently requires only about 2 hours of oper- 
ating room time. Also, HICCH makes it possible to treat 
different regions within the peritoneal cavity. Concur- 
rently or sequentially, the entire peritoneal cavity can be 
treated intra-arterially with a catheter placed within the 
aorta just above the diaphragm. 

Similar to the isolated regional perfusion technique, 
HICCH permits twofold to threefold escalation of the re- 
gionally delivered drug dose without increasing the sys- 
temic toxicity. Therefore, regional toxicity to chemother- 
apeutic agents with HICCH remains the dose-limiting 
factor. High-dose intra-arterial chemotherapy with con- 
comitant hemofiltration works principally by achieving 
rapid total body clearance of a drug. The combination 
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Fig 2.—Abdominal computed tomographic scan of a 51-year-old white woman with metastatic breast cancer to the liver who failed to re- 
spond to earlier systemic chemotherapy. Left, Before first treatment with high-dose intra-arterial chemotherapy with concomitant hemo- 
filtration (HICCH). Right, 8 months following the second HICCH treatment. 





Fig 3.— Computed tomographic scan of a 58-year-old woman with hepatic, metastatic colon carcinoma from a sigmoid colon primary tumor. 
Left, The right hepatic lobe is virtually replaced by tumor before high-dose intra-arterial chemotherapy with concomitant hemofiltration 
(HICCH). Right, Repeated abdominal computed tomographic scan 1 month after HICCH treatment. 


had stable disease, for a mean response rate of 60% and 
a mean survival rate of 10 months. One of the patients re- 
mained alive with stable disease 18 months after HICCH 
treatment. 

The three patients with diffuse hepatocellular carci- 
noma of the liver achieved only stable disease following 
HICCH alone. However, following embolization with a 
gelatin sponge (Gelfoam) to a point at which blood flow 
within the hepatic artery stopped just before HICCH, the 
response to treatment was much better. One patient, 
previously unresponsive to HICCH, had a decrease in the 
alpha-fetoprotein from 4110 mg/L to 1786 mg/L. One of 
three patients with gallbladder carcinoma had a partial 
response, but mainly within the treated region of the 
liver, and all three patients had progression of their 
extrahepatic disease. 
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Seven patients received further regional chemotherapy 
without hemofiltration or systemic chemotherapy for 
progression of disease outside the initially treated re- 
gional area. There were no significant responses to 
systemic chemotherapy. Two patients achieved stable 
disease. The overall survival benefit of these patients was 
only 1% months. 

None of the patients experienced life-threatening com- 
plications as a result of the HICCH procedure. Two 
patients, however, developed gastroduodenitis with ul- 
ceration following infusions of the hepatic and gastroduo- 
denal arteries. One patient developed a deep-vein throm- 
bosis of the iliac femoral system on the operated side 
following a wound infection. This patient was then 
retreated with two HICCH procedures without further 
complications. One patient with an aortic infusion devel- 
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Fig 1.—Flow diagram fer high-dose intra-arterial chemotherapy with concomitant hemofiltration. After establishing balanced hemofiltration, 
chemotherapy is delivered through a hepatic catheter or an aortic catheter by an infusion pump over 30 to 35 minutes. The hemofiltration 


is then continued for 30 minutes. 


clinical evidence of active tumor for a minimum of 4 weeks when 
possible as determined by CT sean results, determination of al- 
kaline phosphatase and lactic acid dehydrogenase levels, and 
laparotomy. Partial response was defined as a 50% or greater 
decrease in the sum ef all diameters of measured lesions and a 
30% reduction in the sum of all measurements of liver me- 
tastases. Stable disease was defined as a response of less than 
50% reduction in the measurable disease or a stable state for 8 
weeks. Progression of disease was defined as an increase of at 
least 25% in the size ef any lesion or the appearance of new le- 
sions. Treatment was continued until progression of disease was 
noted. All patients emrolled to receive regional chemotherapy 
per protocol were assessable and each was observed until death. 


RESULTS 


All but one of the 25 patients completed the HICCH 
procedure without mejor complications; the one excep- 
tion was the first patient who became hypotensive during 


initiation of the hemofiltration. This condition was prob- 


ably caused by preexisting hypovolemia often seen in pa- 
tients with hepatic disease. Patients were prehydrated the 
night before the procedure. Of the 25 patients treated with 
HICCH, one with hepatic metastases from breast cancer 
achieved a durable complete response of more than 2 
years’ duration (Fig 2). The results of the CT scan and liver 
function tests of this patient remained normal. 

Two patients were surgically rendered free of disease 
after achieving near-complete responses with HICCH. 
One patient with stage III bladder adenocarcinoma un- 
derwenta total cystectomy. The second patient, following 
a palliative sigmoid resection for an unresectable pelvic 
colon cancer, underwent treatment with HICCH. This 
patient, however, achieved a complete response as indi- 
cated by the CT scan and all laboratory data. He was then 
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re-explored and was found to have a small area of resid- 
ual disease involving his bladder. He then underwent a 
partial cystectomy for resection of a small area of residual 
tumor. The patient with the bladder tumor relapsed after 
10 months with bilateral ocular metastases, but the patient 
with colon cancer remains free of disease after a 14-month 
follow-up. 

Seven (28%) of the 25 patients achieved partial re- 
sponses. The best responses to HICCH were in patients 
with advanced colon or pancreatic cancers or patients 
with breast cancer metastatic to the liver. Eight patients 
(32%) with metastatic colon cancer had the best response 
as a group even though six (24%) of these patients were 
previously treated unsuccessfully with systemic chemo- 
therapy and their disease had progressed (Table 3). Those 
with metastatic colon cancer to the liver had approxi- 
mately a 50% to 90% reduction in tumor size by CT scan 
and comparable improvement in liver function test results 
and carcinoembryonic antigen levels. 

One patient who had most of the right lobe replaced by 
tumor had a 70% reduction in tumor size, with all the liver 
enzyme levels returning to normal (Fig 3). The mean re- 
sponse rate for eight patients with colon cancer was 
62.5%, with a mean survival rate of 14 months. Of these 
eight patients, one had a complete response to treatment, 
four had partial responses, two had stable disease, and 
one had no response. 

None of the responding patients with carcinomatosis 
died of intestinal obstruction. Of the five patients with 
pancreatic cancer, two had liver metastases and three had 
unresectable adenocarcinoma of the pancreas. Three of 
these five patients had partial responses and the other two 
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Ten (40%) of these patients were male and 15 (60%) were female: 
the mean age was 55 years (range, 36 to 70 years). Primary or 
metastatic disease was localized to the liver in 14 patients (56%). 
Two patients had hepatocellular carcinoma and three had gall- 
bladder carcinoma. Three patients had disease arise from a pri- 
mary colon tumor and three from a breast primary tumor. One 
patient each had metastatic hepatic disease arising from a carci- 
noid, pancreatic, and unknown primary neoplasm (Table 1). 
Five patients (20%) had unresectable pancreatic adenocarci- 
noma. Five patients (20%) had peritoneal or pelvic metastases 
arising from a primary colon tumor in four cases and from a 
melanoma in one case. One patient (4%) had a stage III bladder 
adenocarcinoma. 


Treatment Protocol 


The 14 patients (56%) with primary hepatocellular carcinoma 
or metastatic liver disease had a hepatic arterial catheter (5F) 
placed angiographically before the HICCH procedure or under- 
went placement of a hepatic arterial catheter-port system during 
surgery. By means of a small groin incision, nine patients (36%) 
with advanced pancreatic, peritoneal, or pelvic disease had aor- 
tic catheters (Implantofix, Burron, Bethlehem, Pa) placed retro- 
grade from the common femoral artery and positioned with flu- 
oroscopy at the level of L-2 or T-12 above the celiac axis. The 
correct positioning was confirmed by injection of radiopaque 
dye. Two patients (8%) with unresectable pancreatic tumors un- 
derwent operative placement of a celiac axis arterial catheter-port 
system (Jet Port, Plastik fiir die Medizin GmbH, Köln, Germany) 
before beginning treatment with HICCH. 

Through a saphenous vein cutdown, a 16F double-lumen fil- 
tration catheter (Plastik fiir die Medizin GmbH) was introduced 
by way of the saphenous vein and positioned above the hepatic 
veins with fluoroscopic guidance. The patients were systemi- 
cally injected with 150 to 175 U/kg of heparin. The filtration 
catheter was connected to a modified hemofiltration unit (Gam- 
bro) with a 1.2-m? hollow tube filter (Fig 1). A balanced hemo- 
filtration was initiated, with a filtration rate of 400 to 500 mL/min 
and an ultrafiltration rate of 120 to 150 mL/min. 

A modified bicarbonate-based renal hemofiltration replace- 
ment solution”* preheated to 38°C was returned to the patient at 
the same rate as the efflux of the ultrafiltrate. Using a scale, an 
essentially zero balance between the ultrafiltrate solution and 
replacement solution was maintained throughout the proce- 
dure. Aliquots of additional replacement fluid (250 to 500 mL) 
were administered to the patient when the systolic blood pres- 
sure fell below 100 to 110 mm Hg. Also, the patient's core body 
temperature was maintained above 36°C by preheating the 
replacement solutions to 38°C and warming the operating room 
to 21°C. 


Drug Regimen 

Mitomycin C (20 to 30 mg/m’) was infused intra-arterially over 
20 to 25 minutes, followed by fluorouracil (500 to 750 mg/m?) over 
10 minutes for the majority of patients with metastatic breast, 
colon, pancreas, gallbladder, and bladder cancer (Table 2). Cis- 
platin (60 mg/m’) and doxorubicin (Adriamycin) (25 to 60 
mg/m’), each sequentially infused over 15 minutes, were used to 
treat patients with diffuse hepatocellular carcinoma. Cisplatin 
(70 mg/m”) alone was infused over 20 minutes in the patient with 
a pelvic recurrence from an unknown primary melanoma. 

Patients treated with cisplatin were hydrated with normal sa- 
line over 8 hours the night before the procedure, and their hy- 
dration was continued for 48 hours following the HICCH. The 
hemofiltration, in each case initiated before administration of the 
drug, was then continued for an additional 30 minutes follow- 
ing completion of the arterial drug infusion, for a total hemofil- 
tration time of 60 to 70 minutes. The HICCH was usually 
repeated every 4 weeks. The patients in this series were treated 
with one to four HICCH procedures; the mean number of pro- 
cedures was 1.7. 
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Table 1.—Patient Demograp 
Metastatic 
Disease 
Location 


No. of No. of 
Patients Treatments 


Primary No. of 
Site Patients 


Liver 
Peritoneal 
Pelvis 
Liver 


Colon 


Breast 


Lung* 


Pancreas 
Pancreas/liver 


Pancrees 


Hepatoma Liver 
Gallbladder 
Bladder 


Melanoma 


Liver 
Pelvis 
Pelvis 


Carcineid Liver 


= Ọ a ea WW WA KY ANWO 


Unknown primary Liver 
Total 


“One patient was re-treated for metastatic breast disease 1 year 
later. 





Mitomycin C, 

fluorouracil 
Breast 
Gallbladder 
Pancreas 
Bladder 


Doxerubicin, 


cispEtin Hepatoma 


Cispatin Melanoma 








Site* Patients Responset 
Liver 3 PR/SD 
Liver/peritoneum 2 SD/NR 
Periconeum/pelvis 1 PR 
Pehis 2 CR/PR 





*Six øf eight patients underwent prior chemotherapy. 
tPR indicates partial response; SD, stable disease; NR, no 
response; and CR, complete response. 


Patient Evaluation and Response Criteria 


Prior to entry into the study, the procedure was explained to 
the patients and informed consent was obtained. Complete 
medical histories were obtained and all patients underwent a 
complete physical examination, including tumor measurement 
and noting of performance status. A complete blood cell count 
was obtained, serum chemistry analysis was done, carcinoem- 
bryonie antigen and cancer antigen 19-9 levels were determined 
(the latter only for patients with pancreatic cancer), and urinal- 
ysis wes performed for each patient and repeated every 4 weeks. 
Each patient underwent chest roentgenography and computed 
tomography (CT) of the liver and entire abdominal cavity, which 
were aiso repeated every 4 weeks. 

Patients with a complete response were those devoid of all 
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Treatment of Abdominal Malignant Neoplasms Using 
Regional Chemotherapy With Hemofiltration 


James H. Muchmore, MD; Edward T. Krementz, MD; R. Davilene Carter, MD; 
Janet E. Preslan, MS; William J. George, MD 


@ The regional delivery of high-dose chemotherapy for 
malignant neoplasms of the limb with the isolated regional 
perfusion technique was first described in the late 1950s. 
Recently, the use of concomitant hemofiltration for rapid 
systemic drug removal permits the use of higher regional 
drug levels in treating patients with advanced abdominal 
malignant neoplasms without complete vascular isolation. 
Twenty-five patients successfully underwent 42 treatments 
of high-dose intra-arterial chemotherapy with concomitant 
hemofiltration at Tulane University Medical Center Hospi- 
tal, New Orleans, La, from 1989 through 1990. One patient 
(4%) achieved a complete response. Two patients (8%) had 
partial responses following high-dose intra-arterial chemo- 
therapy with concomitant hemofiltration and their residual 
disease was resected for cure. Seven patients (28%) 
achieved a partial response, 11 (44%) had stable disease, 
and four (16%) had progression of disease. 
(Arch Surg. 1991;126:1390-1396) 


Heer intra-arterial chemotherapy with concomi- 

tant hemofiltration (HICCH) has potential useful- 
ness as a newer method of treating patients with ad- 
vanced intra-abdominal malignant neoplams and hepatic 
metastases. Extracorporeal drug recapture of a chemo- 
therapeutic agent im conjunction with regional chemo- 
therapy was initially described by Dedrick et al.’ Using a 
hemoperfusion charcoal capsule to detoxify the jugular 
venous effluent of 1,3-bis (2-chloroethyl)-1-nitrosourea in 
treating primary brain tumors, the systemic drug expo- 
sure can be limited, thus concurrently allowing an in- 
crease in the regiona drug concentration. Also, the use of 
hemodialysis combimed with hemoperfusion has been 
used to treat patients who developed acute renal failure 
during chemotherapeutic treatment and who were at risk 
of developing near-fatal drug toxicity.** 
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With the aim of reducing systemic toxicity, Winchester 
et al’ investigated the use of combination hemodialysis 
with hemoperfusion following systemic drug administra- 
tion. Aigner et alf and Muchmore et al’* have examined 
the combination of regional intra-arterial chemotherapy 
and rapid extracorporeal drug recapture by hemofiltration 
in treating patients with advanced intra-abdominal ma- 
lignant neoplasms. Using high-dose intra-arterial chemo- 
therapy in combination with continuous hemofiltration of 
the venous blood permits the delivery of higher, more ef- 
fective regional intra-arterial drug doses. 

The best-defined regional approach for delivery of 
high-dose chemotherapy comes from experience with 
isolated regional perfusion used in treating advanced 
limb melanoma and soft-tissue sarcoma. Complete vas- 
cular isolation with perfusion of a malignant neoplasm 
of the limb permits the delivery of six to 10 times the 
systemic dose of a chemotherapeutic agent to a region- 
ally confined tumor while limiting the systemic drug 
exposure.’ 

Use of regional intra-arterial chemotherapy with con- 
comitant hemofiltration permits the delivery of chemo- 
therapeutic agents at concentrations twofold to threefold 
above normal. Mitomycin C is effective for colorectal, 
breast, pancreas, and other adenocarcinomas above the 
peak plasma level of 1 mg/L. Normally, mitomycin C has 
increasing efficacy with higher doses.®® Stem-cell assay 
data also show mitomycin C to be cytotoxic for most co- 
lonic adenocarcinomas in the range of 5 to 10 mg/L." 

Normally, mitomycin C with a dosage of 15 to 30 mg/m? 
infused over 15 minutes to 1 hour will have a half-life of 
4 hours and will cause significant bone marrow toxicity." 
Using HICCH with high-dose mitomycin C, the half-life 
of the drug was significantly reduced as well as was the 
short-term and long-term systemic toxicity.”* Likewise, 
other filterable chemotherapeutic agents can be effec- 
tively recaptured extracorporeally, permitting an increase 
in the local-regional drug exposure. 


MATERIALS AND METHODS 


From 1989 through 1990, the Surgical Oncology Division of the 
Department of Surgery, Tulane University School of Medicine, 
New Orleans, La, treated 25 patients with regionally advanced 
intra-abdominal malignant neoplasms confined mainly to the 
liver, peritoneal cavity, or pelvis with 42 treatments of HICCH. 
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Discussion 


S. DAVID NATHANSON, MD, Detroit, Mich: Have you had any 
experience in this model looking at the expression of p53? 

DR KENNETH COHN, Brooklyn, NY: Could you expand a little 
bit on the difference in cooperation between ras/myc and src/myc 
please? 

DR WHITWORTH, Houston, Tex: You mentioned these cell lines 
were tumorigenic. Did you do any studies to determine whether 
they were metastatic? 

DAVID M. OTA, MD, Houston: When you looked at these cell 
lines that were transfected with the two oncogenes and they 
transformed in tissue culture, did you find any cell lines that 
were not tumorigenic, or were they virtually all tumorigenic if 
they incorporated both oncogenes? 

DAVID S. ROBINSON, MD, Miami, Fla: I sincerely hope your 
work will provide a significant answer, but I am concerned that 
molecular biology is being greeted with the same wave of 
enthusiasm that met immunotherapy and cytotoxic chemother- 
apy two decades ago. Do you find this phenomenon only in vitro 
in the laboratory or do you find these combinations frequently 
in human colon carcinoma clinical specimens? 

DR Hyams, Cincinnati, Ohio: Can you abort this process by 
using lovastatin or any of the other anticholesterol agents, since 
attachment to the membrane is proposed to be important for 
such transformation? 

DR PORIES: We have not looked at the expression of p53. We 
have tried transformation of fetal rat colon with p53 in combina- 
tion with other oncogenes, and to date we have been unsuc- 
cessful. One of the oncogenes used is nuclear and the other cy- 
toplasmic. As far as how they cooperate in this particular model, 
we haven't looked at the mechanism for that. We didn’t leave 
them in the rat long enough to see if they would be metastatic, 
but we have a similar in vivo sister project using the same ret- 
roviral vectors, then putting the infected tissue under the renal 
capsule of recipient nude mice. Those tumors were very similar, 
poorly differentiated, and they were metastatic. 

They were all tumorigenic, although we did have one line that 
in its early passage did not appear to be tumorigenic. Then, with 
repeated passage, it became tumorigenic. It is also interesting to 
note that they were tumorigenic in nude mice, but not in syn- - 
geneic animals. 
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sible to more precisely correlate individual molecular 
changes with their biochemical and phenotypic out- 
comes. For instance. cell lmes expressing a single onco- 
gene could be compared with a similar cell line express- 
ing a second, possibly complementing, oncogene. 
Comparisons can be made not only of morphologic char- 
acteristics and growth patterns but of biochemical param- 
eters, such as growth factor production, transduction 
pathways, cellular targets of oncogenic action, and onco- 
protein expression. It should also be possible to generate 
clinically useful markers for each step on such a pathway 
as has been done in hematopoietic systems representing 
normal and abnormal cellular differentiation.’ 

In vitro systems of colon epithelial cells have historically 
been difficult to establish despite the fact that a number 
of investigators have had success with small intestinal cell 
culture.'*'? Colon epithelial cell cultures have been estab- 
lished from tumor material but represent the heterogene- 
ity observed in tumor material with uncharacterized ge- 
netic background material and are therefore less useful for 
answering mechanistic questions about tumorigenesis. 

Primary epithelial cell culture from other organs has 
become increasingly successful as cell culture techniques 
have become more sophisticated. Techniques that have 
contributed to mammary and small intestinal cell culture 
success in particular include the employment of feeder 
layers, extracellular matrix proteins, a three-dimensional 
growth environment, opportunity for mesenchymal in- 
teraction, and hommonally supplemented media. Cell be- 
havior in collagen matrix systems can more closely mimic 
in vivo differentiation events, and epithelial cells in 
primary culture have been noted to attach more efficiently 
and maintain differentiation properties for longer periods 
when maintained on collagen gels.” 

Following the above rationale and using the techniques 
outlined, we have begun the process of constructing an in 
vitro cell culture system for the study of colon neoplastic 
progression. We are utilizing a rat model as the cell lines 
generated are complementary to the in vivo rat model we 
have previously reported.” 

Exposure of fetal rat colonic tissue to retroviral vectors 
(1 million focus-forming units per milliliter) harboring 
single (ie, ras, mye, or src) cr combination oncogenes (ie, 
myc/src or myc/ras) resulted in enhanced proliferative po- 
tential of mucosal elements following culture within col- 
lagen gels, in medium supplemented with insulin, trans- 
ferrin, hydrocortisone, and glutamine. Flotation of 
collagen-embedded tissue in complete medium facilitated 
long-term culture of tissue implants resulting in the 
escape or release of cells onto the culture dish. 

Although enhanced proliferation was observed follow- 
ing exposure to all oncogenic viral elements, cell lines 
were established onlv in cases in which combination on- 
cogene, myc/src or myc/ras, were used. In separate exper- 
iments we have achieved greater than 80% success in 
transforming primary color epithelial cells in vitro. Ver- 
ification of oncogene expression was established by 
Northern and Western blot analysis demonstrating inte- 
gration and expression of the retroviral constructs used. 
Confirmation of ras oncopretein expression was detected 
by aberrant migration of the altered protein in gel electro- 
phoresis, and src kinase assays were performed to verify 
src oncogene protein production." 

The epithelial character of the cells required careful 
verification. Keratin is generally accepted as the most re- 
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liable indicator of epithelial status. We demonstrated ker- 
atin expression in our cell lines both by immunofluores- 
cent staining of cytoskeleton preparations and Western 
blot analysis of cell lysates. Yet another useful intestinal 
epithelial marker is sucrase-isomaltase antigen expres- 
sion. A brush-border—associated hydrolase found in nor- 
mal small bowel, sucrase-isomaltase expression has been 
well documented in human colon tumors and is believed 
to correspond to fetal resurgence.” We have shown 
sucrase-isomaltase production by our cell lines to be equal 
to that of normal rat small bowel using established tech- 
niques,” providing further evidence of their epithelial 
character. 

Cell lines were established only when oncogene com- 
binations were employed. Despite multiple attempts, no 
long-term stable cultures of normal colonic epithelium 
and cells infected with a single oncogene could be accom- 
plished. This is not unexpected and supports the hypoth- 
esis that full transformation requires the presence of at 
least two cooperating oncogenes.* To study the effect of 
a single oncogene it is necessary to establish the colonic 
epithelial equivalent of NIH/3T3, an immortalized but 
nontumorigenic cell line. There is precedent for this in 
other epithelial systems and we are working on estab- 
lishing such a line using the viral oncogene E1A of ade- 
novirus type 2 and large T antigen of SV-40 DNA tumor 
virus. 

The poorly differentiated morphologic phenotype man- 
ifested in the cell lines we have established to date may 
be a reflection of the fetal tissue employed. We are 
attempting to generate similar lines from more mature 
tissue, as well as trying to induce further differentiation 
in the lines already established. 

The utility of such lines has been amply demon- 
strated in other cell systems. Ciardello et al’® recently 
used an immortalized nontumorigenic mammary epi- 
thelial cell line to examine the relationship between ras 
mutation, neu overexpression, and TGFa expression 
and effect as well as the effects of TGF overexpression 
alone. Several investigators have used immortalized 
small intestinal cell lines to study factors involved in 
maturation and differentiation.” In addition, a well- 
designed in vitro system can also be used to answer 
questions about in vivo mechanisms. Dotto et al” have 
used ras-infected keratinocytes to look at regulatory 
effects of normal dermal fibroblasts by grafting a mix- 
ture of these cells onto the back of a mouse. Similarly, 
the cell lines we have developed can be used in com- 
bination with our previously reported reconstitution 
model’* by populating colon tissue denuded of mucosa 
with cultivated epithelial cells and returning them to 
an in vivo environment, as has been done successfully 
in a small intestinal model by Kedinger et al.” 

Varying the ratio of transformed and normal cells will 
allow us to look at regulatory events affecting colon tum- 
origenesis and the lesions generated by different combi- 
nation oncogenes within a tissue setting. Since we have 
already established modulation of differentiation in vitro 
using a rat mesenchymal feeder on which to grow colon 
cell lines, it is clear that different tissue elements can con- 
tribute to the in vivo phenotype. The development and 
refinement of an in vitro model for colon carcinogenesis 
complemented with in vivo reconstitution approaches 
will provide investigators with an important tool for 
future research. 
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Oncogene-Mediated Transformation 


An In Vitro Model for Colon Carcinogenesis 


Susan E. Pories, MD; lan C. Summerhayes, PhD; Glenn D. Steele, MD, PhD 


è Evaluation of molecular events in human colon polyps 
and tumors has revealed constitutive elevated expression of 
c-myc, activation of both ras and src proto-oncogenes, and 
allelic deletion events involving inactivation of putative 
regulatory genes, including p53.To evaluate the contribu- 
tion of each of these events to colon carcinogenesis, it is 
desirable to establish epithelial cell lines representing 
different stages of neoplastic progression. Such in vitro 
models can be used to establish a primary role for different 
genes implicated in neoplastic transformation, identifying 
events involved in multistep carcinogenesis and delineating 
the factors modulating cellular transformation. We present 
herein a summary of such an in vitro model for colon car- 
cinogenesis using the introduction of relevant genetic ele- 
ments into normal mucosa to identify the molecular steps 
and accompanying cellular events underlying neoplastic 
progression in the colon. 
(Arch Surg. 1991;126:1387-1389) 


N eoplastic transformation of colonic mucosa is 

thought to involve a series of genetic alterations in 
target cells. Extensive evaluation of colon polyps and tu- 
mors has demonstrated mutations in ras proto- 
oncogenes,*? amplified or constitutive overexpression of 
c-myc,°? and multiple allelic deletions.* More recently, ac- 
tivation of c-src has been reported in colon polyps and 
carcinomas.*’ 

The incidence of mutated ras genes in colon tumors is 
considerable, with 47% of carcinomas and 58% of ade- 
nomas larger than 1 cm harboring such mutations.* One 
member of the ras gene family, K-ras, is preferentially ac- 
tivated in colon tumors,’ the significance of which is un- 
clear. It is postulated that ras mutation is an early event 
in carcinogenesis since it has been found at a relatively 
high frequency in precancerous lesions.* 

Additional genetic defects found frequently in colon 
cancer are allelic deletions of chromosomes 5, 17, 18, and 
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22.* Since allelic deletions occur at similar frequencies in 
tumors with and without ras gene mutations, it is reason- 
able to suggest that other genetic alterations initiate the 
process of colorectal tumorigenesis. Like ras, src is found 
activatec in early polyp lesions. In addition, pp60c-src, the 
protein product of c-src, is believed to effect transforma- 
tion via elevated tyrosine phosphorylation events. In- 
creases in both the expression of pp60c-src protein and the 
kinase activity have been noted in colon polyps and 
tumors.’ In addition, amplified and overexpressed c-myc 
genes have been observed in colon tumors.’ 

Although most investigators agree that colon carcino- 
genesis is a multistep process,* the correlation between 
oncogenic action and the growth of tumors in vivo is un- 
clear. To outline the importance of activation, mutation, 
and amplification of individual oncogenes to the process 
of tumorigenesis, stable in vitro and in vivo models that 
can be used to study colon carcinogenesis in stepwise 
fashion are needed. 

Molecular phenomenology alone cannot identify which 
events are primary and essential for transformation or 
progression and which events are merely secondary. 
However, the molecular phenomenology documented in 
colon polyps and tumors does provide valuable clues and 
can be used as a guide to recreate the process of tumor- 
igenesis in cell culture and animal models. Such models 
have demonstrated a role for ras activation in neoplastic 
transformation, and it has become apparent that ras on- 
cogenes can elicit different responses in different epithe- 
lial environments. It is therefore important that specific 
epithelial models be designed, and while some elements 
from the mammary epithelial model, for example, may be 
applicable to colon transformation, they are, in fact, very 
different systems. 

Animal models, however painstakingly designed and 
executec, are complicated by local regulatory processes 
and the immune response. Cell culture systems provide 
a somewhat easier starting point for the study of carcino- 
genesis and oncogenic action. Although artificial, a ho- 
mogeneous and well-characterized cell population pro- 
vides the purest environment for dissecting the order and 
importance of genetic events. 

The ideal in vitro model for the study of colon carci- 
noma would be a panel of complementary cell lines, rep- 
resenting specific points along the neoplastic pathway. 
With such a reductionist approach, it then becomes pos- 
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AZACTAM® FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION-AZACTAM (Aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacterici- 
dal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally differenttrom other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to yellowish- 
white lyophilized caxe, containing approximately 780 mg arginine per gram of aztre- 
onam for intramuscular or intravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE-Before initiating treatment with AZACTAM, appropriate 
specimens should be obtained for isolation of the causative organism(s) and for de- 
termination of susceptibility to aztreonam. Treatment with AZACTAM may be started 
empirically before results of the susceptibility testing are available; subsequently, ap- 
propriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
Caused by susceptible grarn-negative microorganisms: Urinary Tract Infections (com- 
plicated and uncomplicated), including pyelonephritis and cystitis (initial and recurrent) 
caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Enterobactercloacae, Klebsiella oxytoca*, Citrobacter species* and Serratia 
marcescens *. Lower Resmi Tract infections, including pneumonia and bronchitis 
caused by Escherichiaseoli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Haemophilus influenzae, Proteus mirabilis, Enterobacter species and Serratia 
marcescens*. Septicemie caused by Escherichia coli, Klebsiella pneumoniae, Pseu- 
domonas aeruginosa, Proteus mirabilis*, Serratia marcescens* and Enterobacter species. 
Skin and Skin-Structure Infections, including those associated with postoperative 
wounds, ulcers and burms caused by Escherichia coli, Proteus mirabilis, Serratia 
marcescens, Enterobacterspecies, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
and Citrobacter species*. intra-abdominal Infections, including peritonitis caused by 
Escherichia coli, Klebsiellaspecies, including K. pneumoniae, Enterobacter species in- 
cluding E. cloacae*, Psewdomonas aeruginosa, Citrobacter species* including C. fre- 
undii* and Serratia speeies* including S. marcescens*. Gynecologic Infections, 
including endometritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneu- 
moniae*, Enterobacter spacies* including E. cloacae* and Proteus mirabilis*. 

AZACTAN is indicated tor adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hollow viscus perforations, cutaneous infections and infections of serous 
surfaces. AZACTAM is effective against most of the commonly encountered gram- 
negative aerobic pathogens seen in general surgery. 


Concurrent Therapy- Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before the causative organism(s) is known in seriously 
ill patients who are also at risk of having an infection due to gram-positive aerobic 
pathogens. If anaerobic ergarisms are also suspected, therapy should be initiated 
using an anti-anaerobic agent concurrently with AZACTAM. Certain antibiotics (e.g., 
cefoxitin, imipenem) mayinduce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to many beta-lactam antibiotics including aztreonam. These in vitro findings 
Suggest that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam. Following identification and susceptibility testing, appropriate an- 
tibiotic therapy should be continued. 


CONTRAINDICATIONS—4ztreonam is contraindicated in patients with known allergy 
to this antibiotic. 


WARNINGS-Pseudomemoranous colitis has been reported with nearly all anti- 
bacterial agents, including aztreonam, and may range in severity from mild to life- 
threatening. Therefore, it is important to consider this diagnosis in patients who 
present with diarrhea subsequent to the administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by Clostridium 
difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudcmembranous colitis has been established, therapeutic 
measures should be initiated. Mild cases of pseudomembranous colitis usually re- 
spond to drug discontinuation alone. In moderate to severe cases, consideration should 
be given to management with fluids and electrolytes, protein supplementation, and treat- 
ment with an oral antibacterial drug effective against C. difficile (e.g., vancomycin). 
Careful inquiry should bewnade for a history of hypersensitivity reaction to any an- 
tibiotic or other drugs. Antibiotics should be given with caution to any patient who 
has had some form of allergy, particularly to drugs. It is recommended that patients 
who have had immediate hypersensitivity reactions (e.g., anaphylactic or urticarial) 
to penicillins and/or cephalosporins should be followed with special care. If an al- 
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lergic reaction to aztreonam occurs, discontinue the drug and institute supportive 
treatment as appropriate (e.g., maintenance of ventilation, pressor amines, antihis- 
tamines, carticosteroids). Serious hypersensitivity reactions may require epinephrine 
and other emergency measures. 


PRECAUTIONS-General: In patients with impaired hepatic or renal function, appro- 
priate monitoring is recommended during therapy. If an aminoglycoside is used con- 
currently with aztreonam, especially if high dosages of the former are used or if 
therapy is prolonged, renal function should be monitored because of the potential 
nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The use of antibiotics 
may promote the overgrowth of nonsusceptible organisms, including gram-positive 
organisms and fungi. Should superinfection occur during therapy, appropriate measures 
should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility-Carcinogenicity studies in 
animals have not been performed. Genetic toxicology studies performed in vivo and 
in vitro with aztreonam in several standard laboratory models revealed no evidence 
of mutagenic potential at the chromosomal or gene level. Two-generation reproduction 
Studies in rats at daily doses up to 20 times the maximum recommended human 
dose, prior to and during gestation and lactation, revealed no evidence of impaired 
fertility. There was a slightly reduced survival rate during the lactation period in the 
offspring of rats that received the highest dosage, but not in offspring of rats that re- 
ceived five times the maximum recommended human dose. 


Pregnancy-Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 and 5 
times, respectively, the maximum recommended human dose, revealed no evidence 
of embryo- or fetotoxicity or teratogenicity. No drug induced changes were seen in 
any of the maternal, fetal or neonatal parameters that were monitored in rats receiving 
15 times the maximum recommended human dose of aztreonam during late gestation 
and lactation. There are no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of human response, 
aztreonam should be used during pregnancy only if clearly needed. 


Nursing Mothers-Aztreonam is excreted in breast milk in concentrations that are 
less than 1% of concentrations determined in simultaneously obtained maternal 
serum; consideration should be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Use-Safety and effectiveness have not been established in infants and children. 


ADVERSE REACTIONS-Local reactions such as phlebitis/thrombophlebitis following 
IV administration, and discomfort/swelling at the injection site following IM admin- 
istration occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions (considered to be related to therapy or of uncertain etiology) occurring at an 
incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. Reactions 
occurring at an incidence of less than 1% are listed within each body system in order 
of decreasing severity: Hypersensitivity-anaphylaxis, angioedema, bronchospasm. 
Hematologic-pancytopenia, neutropenia, thrombocytopenia, anemia, leukocytosis, 
thrombocytosis. Gastrointestinal-abdominal cramps; rare cases of C. difficile-associated 
diarrhea, including pseudomembranous colitis, or gastrointestinal bleeding have been 
reported. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). Dermatologic—purpura, erythema multiforme, 
urticaria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular-hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory-one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice. Nervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizzi- 
ness. Musculoskeletal-muscular aches. Special Senses-tinnitus, diplopia, mouth ulcer, 
altered taste, numb tongue, sneezing and nasal congestion, halitosis. Other—-vaginal 
candidiasis, vaginitis, breast tenderness. Body as a Whole-weakness, headache, 
fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relationship 
during clinical trials were: Hepatic-elevations of AST (SGOT), ALT (SGPT), and alkaline 
phosphatase; signs or symptoms of hepatobiliary dysfunction occurred in less than 1% 
of recipients (see above). Hemic-increases in prothrombin and partial thromboplastin 
times, eosinophilia, positive Coombs test. Renal-increases in serum creatinine. 


OVERDOSAGE-If necessary, aztreonam may be cleared from the serum by hemo- 
dialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with impaired renal function. In elderly patients, estimates of creatinine clearance 
should be obtained and appropriate dosage modifications made if necessary. 


HOW SUPPLIED-AZACTAM For Injection (Aztreonam For Injection)—Lyophilized-is 
supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single-dose 
30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
tles containing 500 mg or 1 g or 2 g/bottle. 


Consult package insert before prescribing AZACTAM (aztreonam). (J4-231E) 
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bic gram-negative coverage in vitro, 
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neoplastic. Is there significant damage to the host carrying that 
tumor in terms of repair? 

JOHN M. DALY, MD. Philadelphia, Pa: Our results and those 
of a number of others using immunogenic tumors show that tu- 
mor growth is inhibited when you supplement the diet with 
arginine. The clinical correlation is difficult because of the prob- 
lem with assessing tumor growth rates in humans versus 
animals. Our recent results suggest a difference in morbidity 
with arginine-supplemented diets in humans compared with 
nonarginine-supplemented diets. It may be that the morbidity 
would outweigh any possible effect on growth regulation of the 
tumor. If you do not see a change in plasma arginine levels with 
either arginine supplementation or not, presumably there is an- 
other mechanism for tumor growth, and that may be hormonal. 
One of the many things that arginine does is to stimulate insu- 
lin, glucagon, and prolactin, and it stimulates insulinlike growth 
factor, which for your -umor in the liver may be an important 
aspect. It would certainly be a fruitful area for you to examine. 
You have presented quite a nice study in this specific tumor 
model, and looking at that mechanism would be worthwhile. In 
your first experiment, were the mean animal weights any differ- 
ent? You showed some differences in tumor weights relative to 
the liver. Were the animal host weights different? 

Dr GOULET, Indianapolis, Ind: In the cell culture media, why 
would you see a repression in growth where humanly mediated? 
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I am suggesting that this is a humanly mediated phenomenon. 
Why would you see it in the cell culture when it is free of extra- 
neous stimuli? 

DR YEATMAN: I really cannot tell you much more about the 
mechanism other than it appears to cause a reversible block in 
S phase. I do not know whether it is affecting protein metabo- 
lism or some other pathway within the cell. In terms of amino 
acid levels, we measured amino acid levels in the serum, but we 
did not find a statistically significant difference. There was a 
small trend. The numbers were quite small, but perhaps if we 
had measured portal vein levels we might have seen a difference. 
The cells that progressed on through the cell cycle did so with 
arginine that was either in the fetal bovine serum in the media 
or produced by the cells themselves. In terms of what effects 
there are on the animal, I cannot tell you. We did not notice any 
effects on constitutional processes such as wound healing. The 
animals healed their laparotomy wounds in a normal period of 
time. 

It is known that arginase levels in the liver are higher than in 
most other organs. Perhaps subtle differences in arginine levels 
might be more dramatic when a tumor is in the environment of 
the liver than the subcutaneous tissues. We did not measure 
carcass weights, but in the second experiment, there was no dif- 
ference in the liver weights. 
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cannot be explained by the nutritional effects of arginine 
on liver mass. It has been reported” that supplementing 
water with arginine does not result in excessive changes 
in carcass weight compared with the carcass weight of 
control animals receiving water supplemented with gly- 
cine, and we found no differences in liver weights 
between the animals receiving arginine-depleted or 
arginine-repleted amino acid—defined diets. Differences 
in tumor growth appeared to be independent of nitrogen 
supplementation, as diets were isonitrogenous. Although 
these in vivo results could be interpreted as effects on tu- 
mor cell seeding efficiency (via effects on end-organ ad- 
hesion) rather than on the growth of tumor cells, we think 
this is unlikely because the tumor’s growth dependence 
on arginine was also confirmed with in vitro experiments. 
There was no growth without arginine, but normal 
growth was observed when arginine was present in the 
medium. These results confirm that the original observa- 
tions of Eagle” were also valid in our experimental model. 
This effect was similar for both murine (CT-26) and 
human (HT-29) colon tumor cell lines. 

The apparent contradiction of a high S phase associated 
with lower but reversible growth rates in vitro is likely 
secondary to cells that have arrested in Sọ (the quiescent 
S phase) and require arginine for complete cell cycle 
progression. Data from our experiments in which labeling 
of cells with PI and BrdUrd occurred simultaneously add 
supportive evidence to this hypothesis by demonstrating 
that a significant proportion of cells accumulating in the 
S phase secondary to arginine-depleted culture condi- 
tions are actually quiescent and do not synthesize DNA. 
Further study, perhaps using thymidine-pulse or 
5-bromodeoxyuridine-pulse labeling," is needed to de- 
termine the precise mechanism underlying these cell cycle 
aberrations. 

These experimental findings suggest that metastatic 
tumor growth can be inhibited with dietary depletion of 
arginine. This decrease in tumor growth may be related 
to the basic tumor requirement of arginine for growth that 
was demonstrated in vitro and to the low level of tumor 
immunogenicity. Although this observation has yet to be 
made of cancer occurring in humans, potential clinical 
benefit might be obtained by using nonarginine hyperal- 
imentation or amino acid—defined diets that may slow the 
growth of metastatic tumor. This concept is particularly 
relevant to humans in that most solid tumors are weakly 
immunogenic. 

Additionally, because of the reversible nature of the in 
vitro accumulation of quiescent S-phase cells observed 
with arginine depletion, potential exists for the use of se- 
lective dietary arginine modulation (depletion followed 
by repletion) of cell cycle progression. For example, it 
might be possible to synchronize the growth of metastatic 
tumor cells in vivo and enhance the effectiveness of cell- 
cycle specific chemotherapy. Further studies examining 
the DNA from fresh tumor are needed to confirm this. 
Ultimately, we propose that arginine should not be con- 
sidered “good” or “bad” for the tumor-bearing host, but, 
rather, viewed as a tool for modifying the biologic behav- 
ior characteristic of the tumor-host relationship. 


We would like to thank David M. Ota, MD, for his thoughtful 
and constructive criticisms of this article and Philip Frost, MD, 
Departments of Cell Biology and Medicine, University of Texas, 
MD Anderson Cancer Center, Houston, for supplying the adeno- 
carcinoma cells. We would also like to acknowledge the expert 
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assistance ef Nguyen Van, MD, in performing flow cytometric 
analysis. 
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Discussion 


Dav M. OTA, MD, Houston, Tex: Have you looked at plasma 
arginime levels in your animals that were on the special diets? 
Please comment on a possible mechanism. Arginine seems to be 
an essential nutrient here. How do you think that impacts on the 
cell grewth process within the tumor? Is it protein synthesis, or 
is it seme other metabolic pathway for which arginine is essen- 
tial for cell growth? 

DAD S. ROBINSON, MD, Miami, Fla: Can you tell us how 
those cells that escaped into G2 and M, still depleted of argin- 
ine, were allowed to get through? Then, with regard to the host, 
tell us about the remaining cellular tissues that are non- 
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Arginine Concentration in Culture Medium, mmol/L* 








0.14 0.29 0.57 1.14 4.50t s 
% cells recovered§ 398 465 
% G1-phase cells i None 59.5 
% S-phase cells ; None 24.4 
% G2-phase and M-phase cells None 16.1 
*Cells were cultured in various concentrations of arginine for 3 days before harvest. 
+Cells cultured in isonitrogenous glycine (control medium). 
Cells were initially cultured in nonarginine medium for 3 days, then recultured in 0.57-mmol/L arginine for 3 days before harvest. 
My §Number of cells recovered divided by the number of cells inoculated and multiplied by 100. Viability was greater than 98% as measured 
= by propidium iodide staining for all groups. 
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Fig 6.—Propidium iodide (PI) and 5'-bromo-2' deoxyuridine (BrdUrd)-labeled HT-29 cells. With arginine depletion (A and B), few S-phase 
-cells (measured by PI uptake) synthesize DNA (measured by BrdUrd uptake), while most S-phase cells exposed to 0.57-mmoll/L arginine j 
Be.) (C) uptake BrdUrd. . 
tionship have not been elucidated. Although arginine To define the effects of arginine on tumor growth (an 
= appears to be an ;mmunostimulant of cellular immunity issue separate from its potential immunostimulatory 
= in certain situations, it is not clear whether this effect ap- effects) we used a poorly immunogenic murine colon tu- 
plies only to immunogenic tumors. Reynolds et alf sug- mor with metastases introduced experimentally to the 


= gested that the antitumor effect of arginine may be medi- liver. We hypothesized that in vivo tumor propagation 
= ated by arginine’s modulation of host-tumor immune might depend on the presence and quantity of arginine 
interaction, but only in tumors expressing immunogenic, when propagation occurred while immune defenses may 
tumor-associated antigens. In their model using protein- have been relatively ineffective. We chose a metastatic 
E depleted mice, argimine suppressed the subcutaneous model of liver metastasis instead of the existing, common, 
= growth of moderately immunogenic tumor by enhancing subcutaneous-inoculation models because of its close ap- 
i cytotoxic T-lymphocyte development and natural killer proximation to human cancer progression. 
cell activity while stimulating the growth of a poorly im- We used two different in vivo experimental ap- 
2 munogenic clonal variant. Perhaps weakly immunogenic proaches, and the results of both experiments ledustothe , 
| tumor escapes recognition and destruction by immune same conclusion: supplemented arginine enhances the 
defenses—even when these defenses are augmented by growth of metastatic tumor cells, whereas its absence or 
supplemental arginine. deficiency inhibits growth. Differences in tumor growth 
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Fig 3.— Gross liver metastases that developed in the absence of (left) vs in the peesence of (right) dietary arginine. 
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Fig 4.—Nonarginine cell culture medium results in less in vitro cell 
growth than does culture medium containing 0.013% arginine 
(n=2, asterisk indicates P<,.02). Data are means+SEs. 


ber of cells inoculated were recovered), suggesting that 
the effect of arginine depletion is reversible. Flow- 
cytometric DNA analysis confirmed a progressive in- 
crease in the number of S-phase cells with decreasing 
arginine concentrations (ranging from 24% for 0.57- 
mmol/L arginine to 43% in the absence of arginine). 
To determine the nature of this S-phase accumulation, 
cells were labeled with PI alone (controls) or with PI and 
BrdUrd simultaneously (Fig 6). The abscissa represents 
linear relative red fluorescence due to PI staining of cell 
nuclei. The ordinate represents log scale relative to green 
fluorescence secondary to BrdUrd uptake. While PI labels 
all DNA, BrdUrd competes with thymidine and labels 
only newly synthesized DNA and can be detected with 
fluorescein-labeled anti-BrdUrd monoclonal antibody." 
These studies demonstrate that not all cells accumulating 
in S phase are actually synthesizing DNA but, rather, are 
quiescent. While nearly all S-phase cells grown in 0.57- 
mmol/L arginine were labeled with BrdUrd (Fig 6, C), 
fewer cells and almost none were labeled with BrdUrd 
when cultured in 0.07-mmol/L arginine (Fig 6, B) and 
nonarginine medium (Fig 6, A), respectively. 
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Fig 5.—-rginine depletion of cell culture medium in vitro, com- 
pared wth arginine repletion, increases the percentage of cells in 
S, G2, ard M phases of the cell cycle from 22.0% to 32.5% (n =2, as- 
terisk indicates P<.02). 


COMMENT 

Using an advanced model of neoplastic disease, we 
found that dietary arginine depletion may reduce the 
growtt of liver metastases. We also found that, using a 
weakly immunogenic tumor model, arginine supplemen- 
tation nay stimulate the growth of tumor in vivo. 

Although the classic experiments of Rose et al dem- 
onstra-ed that humans require only eight essential amino 
acids ‘or nitrogen balance (isoleucine, leucine, lysine, 
methienine, phenlyalanine, threonine, tryptophan, and 
valine , Eagle” found that human and animal normal and 
neoplestic cells required additional amino acids for prop- 
agation in vitro. Arginine, cyst(e)ine, glutamine, histi- 
dine, and tyrosine were the additional amino acids iden- 
tified. A number of theories have been proposed to 
explain why tumor can grow in vivo without the amino 
acids -onsidered essential for in vitro culture conditions. 
One simplistic explanation is that the host may provide 
the agginine needed for tumor growth. 

Despite some knowledge of the nature of amino acid 
growth requirements of tumor cells, both the role and 
mechanism of action of arginine in the tumor-host rela- 
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Fig 1.—Supplementation of water with 1% arginine (n=8) vs 
supplementation with 1.7% glycine (n=10) results in the stimula- 


tion of in vivo tumor growth (55% increase in weight; asterisk indi- 
cates P<.02) in the liver. Data are mean liver weights +SEs. 


weights between groups were not different. 

Because metastases were confluent in both groups, liv- 
ers were weighed as 2 measure of tumor burden with the 
finding that the mean liver weights for the group receiv- 
ing water with arginine (4.9 g) were 55% greater (P<.02) 
than the mean weights of the group receiving water with 


glycine (2.7 g) (Fig 1). 


Effect of Arginine Depletion on the In Vivo Growth of 
Colorectal Liver Metastases 


To confirm the growth-dependence of metastatic tu- 
mors on dietary arginine, a second method of dietary 
arginine manipulation was used. Mice were randomly 
assigned to two groups and fed either an arginine- 
depleted (nonarginine), amino acid-defined diet or a 
standard-content arginine diet (1.2% arginine). In this 
experiment, tumor inoculum was reduced to 1.25 x 10° 
cells in 0.5 mL of phosphate-buffered saline to prevent 
confluence of metastatic foci. Again, no significant differ- 
ences were noted between the two groups in water or 
chow intake or splenic weights. No splenic tumors were 
observed in these animals. 

Arginine levels in whole blood were measured in ani- 
mals (n=4) randomly selected from both groups. Al- 
though there was a trend toward decreased arginine lev- 
els in animals fed nonarginine diets (0.117+19 mmol/L) vs 
those fed arginine repleted diets (0.154+18 mmol/L), the 
difference was not significant (P=.10). 

When the med an number ofmetastases were ascertained 
for each group, ‘he arginine-depleted group was found to 
have 78% fewe: (median, 46 metastases per animal) grossly 
visible metaste ic nodules than the arginine-repleted group 
(median, 206 :1etastases per animal; P<.05; Fig 2). The rel- 
ative differeices between the arginine-repleted and 
arginine-dep eted groups can be seen in Fig 3. No significant 
differences were noted in liver weights between groups be- 
cause of the smaller tumor burdens. 


Effect of Arginine Depletion on Tumor Cell Growth 
In Vitro 


Noting the apparent dependence of in vivo tumor 
growth on dietary arginine, the effects of arginine deple- 
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Fig 2.— Selective dietary depletion of arginine (n = 8) vs arginine re- 
pletion (n=10) diminishes the growth of liver metastases by 78% 
(asterisk indicates P<.05). Ranges of counts of tumor colonies in the 
liver are displayed in parentheses. 


tion and repletion were examined in vitro. CT-26 colon 
carcinoma cells (5 x 10°) were cultured in duplicate in ei- 
ther depleted or repleted medium, with standard 
amounts of arginine (0.013%) being used in the latter. 
Nonarginine conditions essentially halted all cell growth, 
as evidenced by the retrieval (4 days after incubation) of 
2.4 10° fewer cells than the number added. When the 
cells were cultured in the presence of arginine, there were 
9 x 10° additional cells (total, 1.4 x 10°; Fig 4). Viability was 
greater than 98% in both the arginine repleted and the 
arginine-depleted groups. 

Flow cytometric analysis of DNA content/cell demon- 
strated that the difference between the groups might 
be secondary to effects on cell division. Growth-phase 
DNA analysis demonstrated that the percentage of 
cells in the S, G2, and M phases was significantly 
greater (P<.02) in the nonarginine-treated cells (32.5%) 
than in the arginine-treated cells (22.0%), suggesting 
that growth and progression through the cell cycle 
depend on arginine (Fig 5). 

Further study of this cell cycle aberration was per- 
formed using human colon adenocarcinoma cells (HT- 
29). Tumor cell growth was significantly—but 
reversibly—inhibited in a dose-dependent fashion by 
selective arginine depletion from culture medium (Ta- 
ble 2). Note that the effective dose range in vitro (0.07 
to 0.14 mmol/L) closely approximates the in vivo levels 
in whole blood (0.12 to 0.15 mmol/L). While HT-29 
cells in cultures containing 0.14 mmol/L arginine or 
higher concentrations were recovered in numbers ap- 
proximately four times that inoculated, only 44% of 
inoculated HT-29 cells were recovered from the nonar- 
ginine cultures. An intermediate number of cells (1.45 
times the number inoculated) were recovered in the 
0.07-mmol/AL arginine cultures. Inhibition of tumor 
growth was unabated despite the addition of isonitrog- 
enous concentrations of glycine. Tumor cells initially 
cultured in nonarginine medium and later recultured in 
0.57-mmol/L arginine multiplied (2.12 times the num- 
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Costar, Cambridge, Mass) after a 3-minute incubation at room 
temperature with 0.7-mmol/L ethylenediaminetetraacetic acid in 
phosphate-buffered saline, which did not contain calcium or 
magnesium, supplemented with 0.6-mmol/L glucose and sub- 
cultured in fresh medium. Cell viability was determined with 
trypan blue dye exclusion using a hemocytometer. 

Human colon adenocarcinoma cells (HT-29) were obtained 
from the American Type Tissue Culture Collection (Rockville, 
Md) and cultured as a monolayer (applying standard conditions 
explained above) in RPMI medium (Grand Island Biologicals) 
with 10% fetal bovine serum. 


Experimental Metastasis Assay 


Experimental liver metastases were produced in vivo using in- 
trasplenic injection. Mice were anesthetized before intrasplenic 
injection with an intraperitoneal injection of 3mg of ketamine hy- 
drochloride and 0.03 mg of acepromazine maleate in phosphate- 
buffered saline. A suspension of 1.25 x 10° to 2.5 x 10° tumor cells 
in 0.5 mL of phosphate-buffered saline was injected into the in- 
ferior splenic pole over approximately 1 minute using a 
controlled-rate infusion syringe pump (No. 355, Sage Inc, Cam- 
bridge, Mass). A small hemoclip was then applied to the inferior 
splenic pole to prevent hemorrhage and back-diffusion of tumor 
cells into the free peritoneal cavity. Surgical incisions were closed 
with metal clips. Splenectomy was not performed. Mice under- 
went necropsy on day 14, and the extent of hepatic and other me- 
tastases was recorded. Mice received an intravenous injection of 
10% india ink before necropsy to aid in detection of hepatic me- 
tastases. Livers were excised and immediately weighed. 


Murine Diets 


Standard Chow.—To examine the effects of supplemental 
arginine, mice were fed with standard solid mouse chow (23.4% 
protein and 1.38% arginine) ad libitum and were randomly as- 
signed to one of two groups. Mice were permitted to drink wa- 
ter supplemented with 1% arginine hydrochloride or 1.7% 
(isonitrogenous) glycine ad libitum. Mice were administered 
supplemented water 7 days before tumor cell inoculation. Solid 
chow and water intake were monitored in each group. 

Amino Acid-Defined Diets.—To examine the effects of di- 
etary arginine depletion, mice were randomly assigned to be fed 
ad libitum one of two solid chow, amino acid—defined diets: 
standard-content, arginine-repleted diet (1.2% arginine) or 
arginine-depleted diet (no arginine). The arginine-depleted diet 
provided only 0.32% less nitrogen than the arginine-repleted 
diet. Water without any additives was administered ad libitum. 
These specific diets were prepared by Teklad Research Diets 
(Madison, Wis). Specific dietary formulas are listed in Table 1. 
All mice were placed on the appropriate diet 7 days before tu- 
mor cell injections. Solid chow and water intake were monitored 
for each group. 


Culture Conditions Before DNA Analysis 


Select-amine kits (Grand Island Biologicals) were used to 
formulate arginine-depleted or arginine-repleted minimal es- 
sential medium and RPMI medium. In vitro tumor growth 
was analyzed with flow cytometry after culture of 510° 
CT-26 tumor cells in 10 mL of minimal essential medium or 
510° HT-29 tumor cells in 10 mL of RPMI. CT-26 cells were 
cultured without or with (0.013% [0.59 mmol/L]}) supple- 
mented arginine. HT-29 cells were cultured in multiple argin- 
ine concentrations ranging from none to 1.14 mmol/L. Cul- 
tures were harvested after 4 days. 


Flow Cytometry 


DNA Analysis With Propidium Iodide.— After culture in 
which specific media conditions were applied, cells were har- 
vested and counted using a hemocytometer. Cells were then 
fixed in 70% ethanol solution and treated with 10 pg of propidium 
iodide (PI; Sigma Chemical Corp, St Louis, Mo), per milliliter of 
solution, 0.5% polysorbate 20, and 400 U ribonuclease I (Sigma) 
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Table 1.—Composition of Amino Acids in 
Arginine-Repleted, Defined Diet 


Amino Acid Amount, g/kg 

































Alanine 


Arginine* Lee 
Asparagine 6.0 
Aspartic acid 3 
Cystine 35 
Glutamic acid 40.0 
Glycine 23.3 
Histidine 4.5 
soleucine 8.2 
_eucine 11.1 
-ysine 18.0 
Methionine 8.2 
Phenylalanine ys. 
?roline 35 
Serine i Be 
Threonine 8.2 
Tryptophan 1.8 
Tyrosine 5.0 
Valine 8.2 





*Omitted in composition of arginine-depleted diet. 


before flow cytometric analysis using an argon laser (FAC-STAR, 
Becton-D-ckinson, Oxnard Calif) with an excitation wavelength 
of 488 nm and a measured emission wavelength of 515+20 nm. 
Data were collected and analyzed using a computer program 
(Consort 30, Becton-Dickinson). DNA histograms were used to 
perform cell cycle analysis. The percentage of cells in each phase 
of the cell cycle (S, G2, and M) was determined in duplicate. 

DNA Analysis With PI and Bromodeoxyuridine. — After 
culture cf HT-29 cells in nonarginine and 0.07-mmol/L and 
0.57-mmI/L arginine-repleted RPMI medium, 10 mmol/L of 
5’/-bromc-2’ deoxyuridine (BrdUrd) was added to selected cul- 
tures for 1 hour at 37°C. Cells were then fixed with ethanol 
and denatured with 4N hydrochloride with 0.5% trinitrotolu- 
ene (Triton-X 100, Sigma Chemical Corp). According to stan- 
dardized procedures,“ cells were then labeled with fluores- 
cein isothiocyanate—conjugated anti-BrdUrd antibody (Becton 
Dickinscn) followed by PI. Simultaneous red and green fluo- 
rescence was then measured as indexes of PI and BrdUrd 
incorporation, respectively. 


Amino Acid Analysis 
Analysis of amino acid in whole blood was performed by the 


Metabckc Assessment Laboratory of the University of Florida, 
Gainesville. 


Statistical Analysis 
Data -egarding liver weights were expressed as means+SDs 
and analyzed for population differences by the two-tailed inde- 
penden: t test or by analysis of variance. Liver metastases were 
express2d as median values with associated ranges and analyzed 
with the Mann-Whitney U test. 


RESULTS 
Effect of Arginine Supplementation on the In Vivo Growth 
of Colorectal Liver Metastases 


To determine the effect of the addition of arginine to the 
standard chow diet (which already contained 1.4% argi- 
nine), mice were randomly assigned to one of two groups 
before tumor cell inoculation. The first group was given wa- 
ter supplemented with 1% arginine hydrochloride ad libi- 
tum, whereas an isonitrogenous dose of 1.7% glycine was 
added to the water of the second group, which was allowed 
this water ad libitum. There was no significant difference be- 
tween groups in water or chow intake. Similarly, although 
small splenic tumors were occasionally observed, splenic 
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Depletion of Dietary Arginine Inhibits Growth of 
Metastatic Tumor 


Timothy J. Yeatman, MD; Geoffrey L. Risley, MD; Mathew E. Brunson, MD 


è The effects of dietary arginine on the growth of a murine 
colon tumor metastatic to the liver were examined in a 
model of advanced neoplastic disease. Tumor growth was 
influenced by arginine both in vivo and in vitro. An 
arginine-supplemented diet stimulated tumor growth by 
55% compared with controls. Conversely, an arginine- 
depleted diet inhibited tumor growth by 78% compared 
with controls. In vitro culture of both murine and human 
colon tumor cells confirmed that arginine was necessary for 
cell growth. Flow-cytometric analysis using propidium 
iodide and bromodeoxyuridine suggested that colon tumor 
cells cultured without arginine enter a quiescent S phase 
and depend on arginine for further growth and cell cycle 
progression. The potential reles for selective dietary argi- 
nine modulation in patients with cancer with advanced dis- 
ease are discussed. 
(Arch Surg. 1991;126:1376-1382) 


he influence of arginine on tumor growth and host 
nutrition has been investigated for more than 
70 years.' Despite these efforts, the effect of dietary argi- 
nine on tumor growth has not been clearly elucidated. In 
some systems, argmine has been shown to stimulate tu- 
mor growth,”° while in other models, inhibition of tumor 
growth was noted.** This apparent paradox may be 
explained by the cancept that in vivo tumor growth is in- 
fluenced by multiple, competing factors. 

Ithas been postulated that tumor growth is a dynamic pro- 
cess involving a “predator-prey” competition between im- 
munocompetent celis and neoplastic cells in which growth 
is the vector sum of cell destruction and cell proliferation.” In 
this model, tumor progression depends on the capacity of 
the immune system to recognize and destroy neoplastic 
cells—a capacity that may be related to the degree of tumor 
immunogenicity. Recent reports have suggested that 


~ Accepted for publication August 3, 1991. 
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arginine-supplementation may suppress the growth of im- 
munogenic tumors because of host immunostimulatory ef- 
fects; however, these growth-inhibiting effects were notseen 
with tumors that were weakly immunogenic. Growth may 
occur in this system because weakly immunogenic tumor 
cells escape recognition and destruction by otherwise effec- 
tive tumor-directed immune responses.” 

Using a weakly immunogenic colon cancer model, we 
determined the effects of arginine on tumor growth. Be- 
cause arginine is considered essential for in vitro cell cul- 
ture of both normal and neoplastic cells, we hypothesized 
that in vivo tumor propagation may depend on dietary 
arginine and that arginine depletion could inhibit tumor 
growth. Likewise, because immune defenses directed 
against weakly immunogenic tumor may not effectively 
compete with cell proliferation, arginine supplementation 
might enhance tumor growth. 

We chose a model of experimental liver metastasis that 
simulates a state of advanced neoplastic disease in which 
nutritional deficits may become clinically relevant. The 
effects of both dietary arginine supplementation and di- 
etary arginine depletion on the subsequent in vivo growth 
of liver metastases were examined. Similarly, the effects 
of arginine depletion and repletion on the propagation of 
these tumor cells in vitro were investigated. 


MATERIALS AND METHODS 
Animals 


Six- to eight-week-old BALB/c mice were obtained from the 
Jackson Laboratory (Bar Harbor, Me) and housed in the Depart- 
ment of Pathology, Tumor Biology Mouse Colony, University of 
Florida, Gainesville. Mice had free access to solid chow and wa- 
ter and five mice were housed per cage. The mice were age, 
weight, and sex matched for each experiment. 


Cell Lines and Routine Culture Conditions 


Cell line CT-26 was originally derived from a chemically 
induced primary, undifferentiated murine colorectal adenocar- 
cinoma and was syngeneic with the BALB/c murine strain. The 
cells are known to be weakly immunogenic (as measured with 
challenge and rechallenge experiments) but highly tumori- 
genic." Cells were routinely cultured in vitro as a monolayer at 
37°C in a humidified incubator containing 7% carbon dioxide in 
air. Cells were grown in minimal essential medium (Grand 
Island Biologicals, Grand Island, NY) supplemented with 10% 
heat-inactivated fetal bovine serum (Grand Island Biologicals) at 
5 x 10° cells per 10 mL. Near confluence, after 4 days of growth, 
cell monolayers were detached from the Petri dish (No. 3100, 
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longer than they mighz in 1991. I think our pick-up of true wound 
complications is probably as accurate as it can be. 

It is a technical surgical factor. The operation is not done uni- 
formly by everyone. I think the majority of the surgeons on the 
service would trim back any grossly ischemic edges at the time 
of wound closure, but not routinely, and I think that is quite im- 
portant. If you look at all the various techniques of doing it, the 
one in the literature that reports the lowest incidence of compli- 
cations takes a 4-cm ellipse of skin over the lymph node-bearing 
areas and closes together without tension. That is the lowest re- 
ported incidence of wound complication. Maybe that is what we 
should all be doing. It is clear that everyone says that if you do 
it right, you do not get the complications. I would take issue with 
that, though, because this is the only prospective evaluation by 
a disinterested observez. Every other report in the literature is a 
retrospective evaluation by an interested observer who would 
like to report an uncomplicated series. I believe the true 
incidence of wound complications is much closer to what we 


’ meN 


have reported than what we have seen in the literature. That is 
why I emphasize the point about a disinterested observer scor- 
ing these wounds objectively. We validated the scoring system 
and I believe it is true. I am not proud to stand up here and say 
that I have a 65% incidence of wound complications after groin 
dissectien, but in fact, I believe that is the truth. I do not believe 
that is tħe routine positioning of all drains. 

The trend toward reduction in wound complications after ax- 
illary dissection in patients receiving antibiotics is interesting. To 
show this trend to be significant, we would have to carry the 
study on for another 18 months at the observed rate of accrual. 
We are currently debating the wisdom of that, given the 
prospect-ve trial that Platt et al” reported last year in the New 
England Journal of Medicine, which shows really the identical re- 
duction in infectious wound complications in a much larger se- 
ries of patients. What we would do in 18 months is essentially 
either confirm or negate his observations. I would need another 
20 patients in each group in the axilla. 


Surgical Anatomy Question 


O The phrenic and vagus nerves are not the only nerves to pass through 


the diaphragm. [True or False?] 
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1. Grant JCB. A Method of Anatomy. 5th ed. Baltimore, Md: Williams & Wilkins; 1952:308. 
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Discussion 


HAROLD J. WANEBO, MD, Providence, RI: The consequence of 
a complication of those two areas certainly can be rather 
dramatic, especially with the groin dissection. I would like you 
to comment on patients who have persistent lymphedema sub- 
sequent to dissection, and whether it makes a difference in the 
rate of complications observed. I presume that it would. The 
second issue is the type of groin dissection done. Do you perform 
a full radical ilioinguinal dissection vs a superficial dissection? 
Does the type of dissection have an impact? I have my own bias 
on the approach to groin dissection to reduce this complication. 
Would you comment on whether doing a continuous incision 
through the inguinal ligament vs a discontinuous incision with 
a separate incision made above the inguinal ligament might al- 
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low a techaically better result? 

JOHN M. DALY, MD, Philadelphia, Pa: I wondered a bit about 
wound complications. You have listed grade 4 as infection and 
grade 5 as necrosis. Clearly, they often occur in combinations. 
In fact, some of these cases may be patients with an ischemic 
edge to the incision and not necessarily an infectious complica- 
tion, or at least infection has occurred secondarily. I wonder if 
you have looked at the data, particularly with your observer who 
was watching these patients carefully, to determine who actually 
got infected and then had a wound complication vs those who 
had an ischemic problem that might be more related to a tech- 
nical issue relative to the groin dissection. 

R. Dirk Noyes, MD, Salt Lake City, Utah: Is the necrosis 
clearly separate from the infection? In my practice, both axillary 
and groimdissections are all done on outpatients, and they have 
been for about 8 years. The way I handle drains seems to affect 
the number of infections I get. If I can get the drains out early 
(within the first 5 days), then I have fewer infections. Also, most 
of these infections do not show up for 5 to 10 days. Might you 
have missed a significant number of infections in your study that 
showed up after the patient left the hospital? 

DONALD L. MorTON, MD, Los Angeles, Calif: This is a well- 
planned and beautifully presented study; however, I am con- 
cerned about a number of things in your study. Your complica- 
tion rate or groin dissections is much too high. Infection occurs 
primarily in those patients who get skin edge necrosis. When 
you giveantibiotics for only the first 24 to 36 hours, they are ob- 
viously rot going to affect the infection that is subsequent to the 
necrosis. So the way to solve that problem is not to get skin ne- 
crosis. We have found that if you routinely excise a 1- to 2-cm 
strip along the wound before you close, you will not have so 
many wound edges becoming necrotic. My second question re- 
lates to fhe adequacy of numbers in your trial to determine sta- 
tistical s=gnificance. Do you have enough patients in your trail to 
determine whether or not a 12% difference is statistically signif- 
icant? 

Dr Corr: First of all, this was a short-term in-hospital study 
that dic not address the incidence of postoperative lymphe- 
dema, which correlates quite well with the total amount of lym- 
phatic crainage that we all feel is increased with postoperative 
infections. We did not look at that issue specifically. With regard 
to the superficial vs full radical groin dissection, it was about 
equally split in the groin dissection group, and the incidence of 
complications was identical. It does not seem to have to do with 
what yeu do once you get beneath the skin. The rate of wound 
complication is a problem with the skin flaps. I would have the 
same Comment with the continuous vs discontinuous or two- 
incision groin dissection for the radical groin dissection. It is re- 
ally the superficial groin dissection incision that causes the 
problems. 

I think it is quite clear that all of the patients who developed 
grade 5 complications (ie, skin edge necrosis and wound dehis- 
cence)went through grade 4 first. We graded the highest grade. 
You would not see a patient go directly from grade 1 to grade 5. 
Most ef the major wound complications were grade 5 complica- 
tions, where that very typical skin edge necrosis breaks down. 
I believe, as you said, that the insult in the groin is clearly an is- 
chemi event. It has nothing to do with the bacteriology in the 
groin whatsoever. The antibiotic we chose was appropriate in 
termsof sensitivities. It is an ischemic event, and the reason that 
there sa high rate of complication is clearly a surgical technical 
factor not a microbiologic event. However, they did progress 
through those stages. We did not see patients go from grade 3 
to grade 5 without showing some of the symptoms of grade 4, 
if you will. 

We had more than 60% wound complications in the groin, 
mostof which were skin edge necrosis or open drainage, if you 
will, Failure of the skin edges to heal. I think it is an ischemic 
event in the groin, whereas it is a microbiologic effect in the ax- 
illa. I think we picked up most of the infections because these 
patients stayed in the hospital so long. These were not outpatient 
surgeries. These were patients who stayed in the hospital muck 
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Complications 

Wound complications were both much more frequent 
and more severe after groin dissection than after axillary 
dissection, confirming the observations of previous re- 
ports. Antibiotics had no effect on the incidence of either 
major or minor wound complications after groin dissec- 
tion. Our microbiologic observations suggest that the 
failure of antibiotic prophylaxis was not due to an inap- 
propriate choice of drug, as only five of the 33 isolates re- 
covered were foumd to be resistant to cefazolin. This im- 
plies that wound complications after groin dissection may 
be due to anatomic or surgical factors, rather than bacte- 
riologic factors. The skin flaps of a groin dissection, espe- 
cially the medial flap, and especially for melanoma, are 
quite thin. The flaps are devascularized as the superior 
circumflex iliac, the superficial epigastric, and the su- 
perficial and deep externel pudendal vessels are all 
ligated as they enter and 2xit the lymph node basin. 
Thus it is probab that the underlying mechanism of 
wound complicatien is primarily ischemic. Devascular- 
ized wound edges fail to heal primarily and provide a 
portal of entry for pathogenic bacteria; hypoperfused 
skin flaps can provide neither adequate tissue levels of 
antibiotics nor the mecessary circulating serum or cellu- 
lar components to deal with these bacteria, and clinical 
infection ensues. 

The anatomic constraints of achieving a thorough groin 
dissection may make the rate of wound complications ir- 
reducible. Vordermark et al? reported four different tech- 
niques of groin dissect.on, ard concluded that the rate of 
morbidity was lowest when an ellipse of skin at least 4cm 
wide was excised with the specimen. Whitmore and Vag- 
niwala” reported favorable results in a smaller but simi- 
lar experience with this technique in patients with carci- 
noma of the penis. Other authors have described a range 
of techniques from myocutaneous flaps with split- 
thickness skin grafting to simply trimming the wound 
edges back to bleeding skin prior to closure with minimal 
reported wound complicatiors.** 

Axillary lymphadenectomy does not result in such 
devascularized skin ‘laps, anc, as expected, does not re- 
sult in as much wound morbidity. The trend toward re- 
duction in axillary wound complications after periopera- 
tive cefazolin treatment approached statistical 
significance. Among patients undergoing axillary lymph 
node dissection, there was a trend toward fewer risk fac- 
tors in the patients receiving antibiotics than in those re- 


= ; ceiving placebo. This did not account for the improve- 
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ment in wound morbidity in the antibiotic-treated group, 
as the presence of risk factors was not so predictive of 
wound complications after axillary dissection as after in- 
guinal dissection. 

It is possible that if the patient groups were expanded, 
the trend toward reduction in wound complications in 
patients undergoing axil_ary dissection and receiving an- 
tibiotics could emerge as statistically significant. This 
would confirm the observations of Platt and colleagues.” 
They were able to demonstrate a 36% reduction in wound 
infection after breast precedures (including axillary dis- 
section) in patients receiving perioperative cefonicid, 
compared with patients receiving placebo. Similar reduc- 
tions in the need for postoperetive antibiotics and non- 
routine visits to the physician or readmission to the hos- 
pital for wound healing problems were also seen. 
Although there was no stratification, potential risk factors 
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of patient age and obesity were well balanced between the 
treatment groups in this important study. 


Length of Stay 


The effect of a wound complication on length of stay 
was substantial. The mean length of stay in this series af- 
ter an uncomplicated axillary dissection of 7 days was 
comparable with published reports of 6.9 to 12 days.*” 
Depending on its severity, an axillary wound complica- 
tion prolonged hospital stay by 2 to 5 days, compared with 
the 1 to 7 days quoted in previous reports.*’ 

The mean length of stay after an uncomplicated groin 
dissection in this series was 11 days, compared with pub- 
lished reports of 9 to 24 days.’*°”"* A groin wound com- 
plication prolonged hospital stay by 1 to7 days, consistent 
with the 2 to 11 days quoted by previous authors.*’ 

It should be emphasized that this study addressed only 
in-hospital morbidity. The full effect of a wound compli- 
cation in terms of delay to complete healing and return to 
work was beyond the scope of our resources. It is certain 
that these delays were measured in weeks rather than in 
days. 

It is also worthy of note that during the course of this 
study, it was customary to keep patients in the hospital 
until their drains were removed. This practice has altered 
considerably in the past few years, with an emphasis on 
early discharge and home care of the uncomplicated 
wound. Thus it is likely that a wound complication today 
would result in a much longer stay than would an 
uncomplicated wound. 

In conclusion, this prospective study confirmed that 
short-term wound morbidity after axillary or groin dis- 
section is substantial, and more frequent than reported in 
most prior retrospective reviews. As expected, wound 
complications were seen more often and were more 
severe after groin dissection than after axillary dissection. 
Patient-related risk factors of obesity, age over 60 years, 
and to a lesser extent, smoking, hypertension, and 
diabetes were predictive of postoperative wound compli- 
cations, in terms of both frequency and severity. Patients 
with wound complications had significantly longer hos- 
pital stays compared with patients with uncomplicated 
wounds. Perioperative cefazolin treatment had no effect 
on either the frequency or severity of wound complica- 
tions after groin dissection, implicating a primary mech- 
anism other than intraoperative contamination as the sole 
underlying cause of these adverse events. There was a 
trend toward the reduction in postoperative wound com- 
plications in patients undergoing axillary dissection who 
received perioperative cefazolin compared with those re- 
ceiving placebo, a trend that did not quite reach statisti- 
cal significance. Until this trend is either confirmed as 
significant or shown to be insignificant, there seems to be 
little harm and possibly some benefit to the use of peri- 
operative cefazolin therapy in patients undergoing axil- 
lary dissection. 


This study was supported in part by National Cancer Institute 
grant KO8 CA01150 and the H. Thomas Hollingsworth Fund and the 
Surgical Metabolism Fund of the Department of Surgery, Memorial 
Sloan-Kettering Cancer Center, New York, NY. 

We thank our colleagues in the Gastric and Mixed Tumor 
Service of the Department of Surgery, and the staff of the Divi- 
sion of Nursing, Memorial Sloan-Kettering Cancer Center, for 
their contribution to this study and their excellent clinical care of 
these patients. 
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Table 3.—Effect of Wound Complications | 
on Length of Hospital Stay 


Wound Complication* 








Site of 


Operation Minor Major 






Mean stay, d 

















Axilla 6 (79) 8 (7) 11 (6) 

Groin 10 (15) 11 (8) 17 (19) 

All 7 (94) 10 (15) 16 (25) 
Mean extra stay, d 

Axilla T 2 (7) 5 (6) 

Groin a 1 (8) 7 (19) 

All ede 3 (15) 9 (25) 








*Numbers in parentheses are numbers of patients. 


dian, 7 days; range, 2 to 17 days). The mean length of stay 
for a patient with any wound complication was 13 days 
(median, 11 days; range, 2 to 45 days). After axillary dis- 
section, a minor complication prolonged hospital stay by 
a mean of 2 days, while a major complication prolonged 
hospital stay by a mean of 5 days. After groin dissection, 
a minor complication prolonged hospital stay by a mean 
of 1 day, while a major complication prolonged hospital 
stay by a mean of 7 days. 

During the course of this study, wound complications 
led to an additional 188 inpatient hospital days for the 40 
patients with complications, compared with the mean 
length of stay for the 94 patients without a wound com- 
plication. These 188 days represented 15.7% of the total 
number of days after surgery spent in hospital by all of the 
study patients. 

If all 276 patients undergoing either procedure during 
this period were considered, wound complications led to 
an additional 372 inpatient hospital days, 14.5% of all 
postoperative days spent in hospital by those patients. 


Bacteriologic Findings 


Cultures from 20 patients, usually with open draining 
wounds, yielded 33 bacterial isolates. The most common 
organism identified was Staphylococcus aureus (17 pa- 
tients). Cultures from two patients yielded Staphylococcus 
epidermidis, and two others yielded enterococcus. Gram- 
negative rods were recovered from 12 patients, including 
Escherichia coli (four patients), Klebsiella (two patients), and 
miscellaneous organisms (one each in six patients). In five 
of the 20 patients (four undergoing groin dissection and 
one axillary dissection), the isolates were found to be re- 
sistant to cefazolin by sensitivity testing. 


COMMENT 


Reported wound complication rates following axillary, 
and especially inguinal, lymphadenectomy are higher 
than expected from a clean, uncontaminated surgical pro- 
cedure (Table 4°"). All but one of these reports are retro- 
spective, and as such, the stated incidence of morbidity 
must be considered a minimum estimate. To our knowl- 
edge, this is the first comprehensive prospective evalua- 
tion of in-hospital wound morbidity sustained by patients 
undergoing axillary or inguinal lymphadenectomy. 

One possible explanation for the high incidence of in- 
fectious complications in the groin is the density and 
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Tabel 4.—Reported Incidence of Wound 
= Complications After Lymphadenectomy 
No. of 
Patients 










No. (%) 
Treated 















Source, y 





Axillary lymphadenectomy 
















Holmes et al,’ 1977 126 8 (6) 
Lotze et al,° 1981 36 7 (19) 
Bland et al,’ 1981 87 42 (49) 
Uris? et al,* 1983 98 7 (7) 
Bowsher et al, 1986 30 9 (30) 
Shaw and Rumball,’? 1990 51 7 (14) 
Karekousis et al," 1990 113 7 (7) 
Inguinal lymphadenectomy 

Holmes et al, 1977 108 23 (21) 
Papachristou and 

Fortner,'' 1977 81 33 (41) 
Blamd et al,’ 1981 110 55 (50) 
Urist et al,* 1983 58 4 (7) 
Johnson and Lo,” 1984 101 64 (63) 
Whitmore and 

\agniwala,” 1984 17 6 (35) 
Vordermark et al,? 1985 50 10 (20) 
Bowsher et al,® 1986 46 28 (60) 
Shaw and Rumball,’ 1990 58 35 (60) 










Karakousis et al," 1991 158 27 (17) 





pathogenicity of the bacteria on the skin in these areas. 
Smith: observed an increased density of bacteria on the 
skin of the groin (43 colonies per square centimeter) com- 
pared with the axilla (6 colonies per square centimeter). 
He also reported the prevalence of enteric flora on the skin 
of the groin (26%). Bozetti et alć noted that the bacteria 
in the groin are more likely to be pathogenic (29%) than 
those on the chest wall (7%). Other authors have sug- 
gested that the high incidence of wound complications in 
the groin may be due more to anatomic and surgical tech- 
nical factors.” 


Risk Factors 


Risk factors for the development of postoperative 
wound complications are not well defined. Urist et al’ 
‘dentified older age as a predictor of wound complications 
after exillary or inguinal lymphadenectomy. In that series, 
obesity was less predictive than age of complications af- 
ter axillary dissection and not predictive of complications 
after groin dissection. The other risk factors they consid- 
ered, patient sex and the presence of positive nodes, were 
not predictive of wound outcome. 

In this study, we examined age, obesity, and a number 
of associated comorbid conditions that might affect 
wound healing. As the range of potential risk factors was 
wide, their prevalence was high among our study pa- 
tients. These risk factors were predictive of postoperative 
wound complications. Obesity and age over 60 years were 
the most predictive of a complication, but other factors 
such as smoking, diabetes, and hypertension were also 
associated with an adverse outcome, particularly when 
multiple risk factors coexisted in the same patient. 
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- Table 2.—Incidence of Wound Complications by Risk Factors 


Wound Complications 


No. of 
Patients 


Major 
Obesity 

Age >60 y 

Smoking 

Hypertension 

Diabetes 

Edema 

Open wound 


Arteriosclerotic 
cardiovascular 
disease 


No. of risk factors 


At least 3 
*Compared with patients with no complications. 





tors, and in 35 (36%) of 97 patients with any risk factor 
(P= .02). Complications were recorded in 19 (27%) of 71 
patients with one er two factors (P= .02 compared with 
patients with no risk factors). Sixteen (62%) of 26 patients 
with three or more factors had subsequent wound com- 
plications (P<.001 compared with patients with no risk 
factors). Furthermore, in the presence of these risk 
factors, wound complications were more serious when 
they occurred. Only two wound complications (5%) of the 
37 patients with no risk factors were considered major. In 
contrast, 23 (24%) of 97 patients with any risk factor sus- 
tained a major wound complication (P=.03 compared 
with patients with no factors present). Eleven (42%) of 26 
patients with three er more risk factors sustained a major 
wound complication (P<.001 compared with patients 
with no factors). 


Wound Complications 


Major and minor wound complications were observed 
in 40 (30%) of 134 patients: in 13 (14%) of 92 patients after 
axillary dissection, and in 27 (64%) of 42 patients after 
groin dissection (P<.001). The trend was toward reduc- 
tion in overall incidence of wound complications in 
patients receiving antibiotics, with an incidence of 23% (15 
of 64 patients), compared with an incidence of 36% (25 of 
70 patients) in patients receiving the placebo, but this was 
not statistically significant (P=.17). 

The trend toward reduction in wound complications in 
the antibiotic-treated group was seen only in patients un- 
dergoing axillary dissection. Axillary wound complica- 
tions were observed in four (8%) of 48 patients receiving 
antibiotics compared with nine (20%) of 44 patients 
receiving placebo. This trend toward reduction in axillary 
wound complications after perioperative antibiotic treat- 
ment did not reach statistical significance (P= .17). Were 
this trend to persist, we would have required a total of 63 
patients in each group to achieve a statistical significance 
of P=.05. 
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No. (%) 
With Any 
Complications 


22 (46) 
19 (46) 
15 (37) 
12 (39) 
5 (42) 
3 (38) 
2 (50) 


Minor 


2 (50) 


5 (14) 
35 (36) 
10 (26) 

9 (28) 
16 (62) 


Regardless of the treatment group, a very high inci- 
dence of wound complications was recorded after groin 
dissection. Inguinal wound complications were seen in 11 
(69%) of 16 patients receiving perioperative antibiotic 
treatment and in 16 (62%) of 26 patients receiving peri- 
operative placebo treatment. 

Wound complications were more severe after groin 
dissection than after axillary dissection. Only six (7%) of 
92 patients undergoing axillary dissection sustained ma- 
jor wound complications. In contrast, 19 (45%) of 42 pa- 
tients undergoing groin dissection had a major wound 
complication (P<.001). 

When the results were analyzed by the type of compli- 
cation, no subtype could be identified to have been pre- 
vented with perioperative antibiotic treatment. Minor 
wound complications, defined as wound erythema ex- 
tending beyond 2 cm from the wound edge, and clinically 
appearing as cellulitis, were seen with equal frequency in 
the antibiotic- and placebo-treated patients, in the groups 
as a whole (seven [11%] of 64 vs eight [11%] of 70, respec- 
tively), after axillary dissection (three [6%] of 48 vs four 
[9%] of 44, respectively), and after groin dissection (four 
[25%] of 16 vs four [13%] of 30, respectively). 

Major wound complications, defined as frank purulent 
drainage or wound dehiscence, were also seen with dimin- 
ished frequency in the antibiotic-treated patients compared 
with the placebo-treated patients, in the groups as a whole 
(eight [13% | of 64 vs 17 [24%] of 70; P = .13), after axillary dis- 
section (one [2%] of 48 vs five [11%] of 44, P=.07), and after 
groin dissection (seven [44%] of 16 vs 12 [46%] of 26, P= .24). 
Again, the trend toward reduction in major wound compli- 
cations in patients receiving antibiotics was most apparentin 
patients undergoing axillary dissection. 


Length of Stay 


The impact of wound complications on length of hos- 
pital stay is shown in Table 3. The mean length of stay for 
a patient without wound complications was 7 days (me- 
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either 1 g of cefazolin intravenously 1 hour before surgery, fol- 
lowed by three doses every 6 hours thereafter, or a similar- 
appearing placebo, given on the same schedule. There were two 
violations in drug administration (omission of preoperative or 
postoperative doses) and these patients were excluded from the 
study, leaving 134 patients for the final analysis. 

All patients were given a povidone-iodine soap scrub of the 
operative site the night before surgery. Patients were shaved in 
the operating room after administration of anesthesia, followed 
by preoperative skin preparation with a povidone-iodine solu- 
tion paint to the operative site. 

Axillary lymphadenectomy was performed through a skin 
crease incision, raising skin flaps in the plane just deep to Scar- 
pa's fascia, anterior to the pectoralis major, posterior to the la- 
tissimus dorsi, inferior to the fourth intercostal space, and supe- 
rior to the axillary vein. In most instances, the pectoralis minor 
muscle was included in the specimen to enable complete dissec- 
tion of all nodes up to the costoclavicular ligament. The incisions 
were closed primarily over suction drains. 

Inguinal lymphadenectomy was performed through either a 
vertical or a skin crease inguinal incision centered over the 
femoral vessels, raising skin flaps in the plane just deep to 
Scarpa’s fascia, medial to the adductor magnus, lateral to the 
sartorius, superiorly to include 5 to 7 cm of fatty/lymphatic 
tissue over the external oblique fascia, and inferior to the 
saphenous vein at the apex of the femoral triangle. The sa- 
phenous vein was ligated and divided at the apex of the 
femoral triangle and at the saphenofemoral junction. Ana- 
tomic constraints mandated that the skin flaps, especially the 
medial skin flaps, be substantially thinner than those in the 
axilla. Deep pelvic lymphadenectomy was performed either 
en bloc by dividing the inguinal ligament, or discontinuously 
through a separate iliac skin crease incision. Following com- 
pletion of the dissection, the sartorius muscle was detached 
from its origin on the anterior superior iliac spine and rotated 
over to cover the femoral vessels. Wound edges were 
trimmed of any obviously nonviable skin, and primary clo- 
sure was performed over suction drains. 

Suction drains were removed when the total daily drainage 
was less than 50 mL per day, in either inpatients or outpatients. 

All patients’ wounds were evaluated daily until discharge by 
a single observer not directly involved in the care of the patient 
(M.P.), and scored consistently using the system tabulated 
below. 


Wound Grade Description 
1 Normal healing 
2 Erythema within 1 cm of suture line 
3 Erythema >1 cm from suture line 
4 Purulent drainage, minor skin edge necrosis 
5 Purulent drainage, major skin edge necrosis, 


systemic sepsis 


Wound outcome was defined as the highest wound grade re- 
corded while the patient was in the hospital. For the purpose of 
analysis, grade 1 and 2 wounds were classified as uncompli- 
cated. Grade 3 wounds were classified as minor complications, 
and the majority of patients in this group received further anti- 
biotics. Grade 4 and 5 wounds were classified as major compli- 
cations, often requiring open drainage, débridement, and pro- 
longed parenteral antibiotic treatment. 

Only the randomizing pharmacist was aware of the treat- 
ment groups; this information was made available to the 
treating physician if a wound complication occurred that re- 
quired knowledge of the type of perioperative antibiotic treat- 
ment to guide further treatment decisions. Treatment after 
the initial 24-hour period after surgery was at the discretion 
of the attending surgeon, but in no case did any patient with 
a grade 1 or 2 wound receive further antibiotics after the 
study drugs were administered. 

The following patient risk factors were recorded: age over 
60 years, recent open wound, obesity, smoking, preexisting extrem- 
ity edema, cardiovascular disease, hypertension, and diabetes. 
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Table 1.— Distribution of Patient Risk Factors 


_ by Treatment Group 


Treatment Group 


—_:? ee 


Placebo Antibiotic 


No. of 
Patients 






Risk Factor 
Obesity 
Age >80 y 41 24 17 
Smoking 41 26 15 
Hypertension 31 16 15 
Diabetes 6 6 
Edema 















Open wound 5 2 3 


Artericsclerotic 
card ovascular 
disease 4 1 3 


No. of risk factors 


At least 3 


The incidence of wound complications was compared be- 
tween the antibiotic- and placebo-treated groups using the x’ 
analysis with Yates’ correction factor, or the Fisher Exact t test 
when arpropriate. Differences were considered significant at 
P=.05. 


RESULTS 


Of the 134 patients assessed, 85 were men and 49 
women. The median age was 54 years (range, 21 to 85 
years). There were 92 axillary and 42 groin dissections. 
The distribution of diagnoses is shown below. 


Diagnosis No. of Patients 
Melanoma 114 
Breast cancer 3 
Merkel cell cancer 3 
Sarcoma 6 
Scuamous cell cancer 3 
Ov-her 5 
Total 134 


Of the 114 (85%) lymph node dissections for melanoma, 
46 were elective, 58 were therapeutic, and 10 were pallia- 
tive in intent for locoregional control in patients with ex- 
tranodal disease. 


Risk Factors 


The distribution of patient risk factors is shown in Ta- 
ble 1. Risk factors were present in 97 patients (72%), and 
absent in 37 patients (28%), and tended to be more prev- 
alent in the placebo-treated group, but this difference was 
not siznificant. The presence of these risk factors was 
predictive of subsequent wound complications, as shown 
in Tatle 2. The risk factors tended to be more predictive 
of weund complications after groin dissection than after 
axillary dissection; as there were relatively few complica- 
tions -ecorded after axillary dissection, the significance of 
this observation is unclear. Wound complications were 
recorded in only five (14%) of 37 patients with no risk fac- 
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A Prospective Randomized Trial of Perioperative 
Cefazolin Treatment in Axillary and 
Groin Dissection 


Daniel G. Coit, MD; Margaret Peters, RN; Murray F. Brennan, MD 


@ One hundred thirty-four patients undergoing axillary or 
inguinal lymph node dissection were randomized to receive 
perioperative treatment with either cefazolin or placebo. 
Risk factors for wound complications (age greater than 60 
years, open wound, obesity, smoking, extremity edema, di- 
abetes, arteriosclerotic cardiovascular disease) were re- 
corded. The rate ef complications was 36% in 97 patients 
(72%) with any risk factor present, compared with 14% in 
patients with no risk factors. Complications were seen in 
30% of patients: in 14% after axillary lymph node dissec- 
tion, and in 64% after inguinal lymph node dissection. The 
risk of complications was 23% in the group administered 
antibiotic treatment compared with 36% in that adminis- 
tered placebo treatment. This trend toward fewer compli- 
cations was seen only after axillary lymph node dissection, 
when the rate of complications was 8% in the antibiotic- 
treated group compared with 20% in the placebo-treated 
group. After inguinal lymph node dissection, the rate of 
complications was 69% in the antibiotic-treated group 
compared with 62% in the placebo-treated group. 
(Arch Surg. 1994;126:1366-1372) 


R egona lymphadenectomy in the groin and axilla is 

frequently performed in the staging and treatment 
of patients with malignant tumors of the trunk and 
extremities. These procedures are associated with high 
reported rates of local wound complications, well in 
excess of what might be expected from clean or clean- 
contaminated procedures done elsewhere in the body. 
Some authors have suggested that the risk of wound 
complications after these procedures might be reduced 
with the use of perioperative prophylactic antibiotics, ! 
presumably in an effort to reduce intraoperative contam- 
ination by organisms colonizing in the axilla or groin. 
Others have suggested that the rate of wound complica- 
tions is related to the nature of the procedures that create 
potential dead spaces beneath devascularized skin 
flaps.*4 
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The current study was undertaken with a number of 
aims. One objective was to prospectively quantify the in- 
hospital wound complications of patients undergoing ax- 
illary or groin dissection. A second goal of the study was 
to try to identify patient-related risk factors that might 
enable prediction of the development of a wound com- 
plication in these patients. The third goal was to attempt 
to quantify the effect of a wound complication on the post- 
operative length of stay and compare it with the length of 
stay of patients with uncomplicated wounds after identical 
procedures. Finally, as a placebo-controlled, blinded trial, 
it was designed to evaluate the effect of perioperative pro- 
phylactic antibiotic therapy on the incidence of in-hospital 
wound complications in these patients. 


PATIENTS AND METHODS 


All patients undergoing axillary or inguinal lymph node dis- 
section by staff surgeons of the Gastric and Mixed Tumor Service 
of the Department of Surgery at Memorial Sloan-Kettering Can- 
cer Center (New York, NY) were considered for entry into the 
study. Patients were considered ineligible if they had a history 
of significant allergic reaction to penicillins or cephalosporins, if 
they were to undergo simultaneous isolation limb perfusion, if 
they had evidence of active infection at the time of admission, 
if they were pregnant, or if they had a prosthetic heart valve. 

Of 276 patients admitted for axillary or inguinal lymphadenec- 
tomy between August 27, 1985, and April 29, 1988, 62 (22%) were 
considered ineligible for participation in the study based on the 
criteria outlined above. Of the 212 patients considered eligible, 
22 patients were not offered participation in the study, and an- 
other 48 patients declined to participate after receiving an expla- 
nation of the study. Patient selection is listed in the tabulation 
below. 


Patient Selection No. of Patients (n= 276) 
64 


Ineligible 
Allergic 23 
Perfusion 18 
Infection 17 
Pregnant 4 
Heart valve 2 

Eligible 212 
Not offered 28 
Refused 48 

Randomized 136 
Violations 2 
Assessable 134 


After obtaining signed informed consent, the remaining 136 
patients (64% of eligible patients) were randomized to receive 
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Discussion 


JAMES H. MUCHMORE, MD, New Orleans, La: We have 133 or 
134 black patients with melanoma recorded in the Charity Hos- 
pital Tumor Registry and at Tulane University, New Orleans. 
You have all said that this is a more aggressive disease. I have 
not found that to be true. One of the things I have noticed in 
comparing stage for stage and thickness for thickness is that if 
the melanoma is on the palm or foot compared with the dorsal 
aspect of the foot or hand, there is a difference in thickness on 
an average of 1 to 2 mm. If you compare thickness for thickness 
and stage for stage, there is no difference in the survival of these 
patients, whether they are black or white. The other thing that 
I have a problem with is the number of black patients with su- 
perficial spreading melanoma. We have not found that there re- 
ally is a high incidence of superficial spreading melanoma in 
blacks. This is also true if you look at Orientals, Hispanics, or 
other dark-skinned or dark-complected races. Superficial 
spreading melanoma is fairly rare in these patients. The mela- 
noma one sees in blacks and dark-complected populations is 
different from the other types of melanoma. The incidence be- 
tween blacks and whites with, namely, acral-lentiginous mela- 
noma on the foot and hand, is essentially the same. 

MICHAEL T. LOTZE, MD, Pittsburgh, Pa: You noticed an 
increased survival in black patients diagnosed recently. My un- 
derstanding is that the same thing has occurred in the white 
population. Is that true in your experience? Is that the same sort 
of increase in survival that you're seeing in the black population 
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as in the whites? I know you and other members of Dr Seigler’s 
group have been interested in immune reactivity to these 
tumors. One of the things that is striking is that many of your 
patients had ocular melanoma, and you excluded those from 
some of your analyses. At least in my experience and that of 
others, ocular melanoma is not responsive to interferon alfa, to 
interleukin 2, or to many of the immunologic reagents that have 
been applied in this disease. Have you noticed any difference in 
the immunologic characteristics of this tumor, perhaps having to 
do with acral-lentiginous site as opposed to other sites? 

DR CROWLEY: Dr Muchmore, I’m not sure that I understood 
your first comment. Our conclusion was that if you matched 
black patients and white patients stage for stage and thickness 
for thickness, there is no difference in survival. I think that’s the 
comment you were making, so I think we are in agreement on 
that issue As far as superficial spreading melanomas, we had 
not seen them previously until the 1980s, and most of those 
melanomas were located either on the trunk or extremities or 
head and neck of black patients, and that seems to be a different 
entity that we have not seen previously. 

Dr Lotze, yes, that is true. I think as people have understood 
the disease better and diagnosed it earlier, there has been 
improved survival in blacks and whites. Since blacks historically 
had such poor survival, their improvement is more striking. I 
cannot answer your last question, as we haven't really addressed 
that issue specifically. 
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Table 5.— Multivariate Anaya of Clinical and 
Histologic Characteristics Related to Duration of 
Survival From Diagnosis Among 41 Black and 4216 
White Patients With Malignant Melanoma 


Controlling for Stage, Age. Sex, and Histologic Findings* 


Stage <.001 
Age at diagnosis <.001 
Sex <.001 
Histologic findings .03 


me y 
Controlling for Thickness, Stage, Age, and Sex* 


Race 













Thickness <.001 
Stage at diagnosis <.001 
Age at diagnosis <.001 
Sex <.001 
Race .86 





*After adjusting for these variables, race added no additional 
prognostic information. 
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Fig 6.—Actuarial survival curves for black (broken line) and white 
(solid line) patients with stage I, acral-lentiginous melanoma on the 
palms or soles. No difference in survival was noted between black 
and white patients wita similar primaries and similar stages of dis- 
ease (P=.59). 


Those diagnosed in the recent decade had fewer Clark’s 
level V lesions, more Clark’s level I through III lesions, 
more patients with stage I disease, and fewer patients 
with stage III disease. We have demonstrated a significant 
improvement in survival for patients presenting with 
earlier stages of disease (Fig 3). Patients presenting in the 
past decade would therefore have an improved survival 
based on the less advanced nature of their primary 
lesions. 

The differences between black and white patients with 
melanoma were also examined. Black patients had a 
higher incidence of many negative prognostic indicators 
when compared with white patients, including a higher 
incidence of patients older than 60 years, a higher num- 
ber of palm or sole and mucocutaneous primaries, and 
more acral-lentiginows melanomas, thick primary lesions, 
and Clark's level IV and V lesions. In addition, fewer black 
patients had stage I disease and more black patients had 
stage II and III disease. This incidence of negative prog- 
nostic factors translated into a decreased survival, with 
white patients experiencing a 74% 5-year survival, com- 
pared with 49% for black patients. 
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Although the poor survival and aggressive nature of ma- 
lignant melanoma in black patients have been well docu- 
mented, the explanation for the diminished survival, 
when compared with white patients, remains controver- 
sial. Some authors have attributed the decreased survival 
to the high incidence of unfavorable anatomic sites (eg, 
palm or sole and mucocutaneous primary lesions). Others 
have attributed the poor survival to the high incidence of 
patients presenting with advanced disease, demonstrat- 
ing in their series that black patients presenting with stage 
I disease and receiving aggressive treatment had survival 
results similar to white patients.**” Still other authors be- 
lieved that blacks had an inherently more aggressive tu- 
mor, with race being an independent prognostic indicator 
when examined in a multivariate analysis.’ 

The data from our series would suggest several points. 
First, the distribution of melanomas is strikingly different 
between black and white patients, with blacks having a 
much higher incidence of primary lesions at unfavorable 
anatomic sites. Second, although the distribution of pri- 
mary lesions has not changed during the decades, black 
patients with melanoma diagnosed in the 1980s had a 
significant improvement in survival. This seems to be re- 
lated to a decline in the number of patients presenting 
with invasive lesions and advanced disease. Third, com- 
parison of white and black patients confirms the de- 
creased survival for black patients. Last, in a multivariate 
analysis of prognostic indicators related to survival, black 
patients with melanoma have a decreased survival rela- 
tive to white patients owing to the incidence of negative 
prognostic factors in this group of patients. Race, how- 
ever, was not a significant prognostic indicator, suggest- 
ing the disease is not inherently more aggressive in the 
black patients. 

There has been a trend during the past decade for black 
patients to present with less invasive primary lesions and 
earlier stages of disease, with resulting improvement in 
survival. This is most likely related to a better appreciation 
of the disease by patients and physicians alike. Continued 
emphasis on education and early diagnosis may result in 
further improvement for black patients with melanoma. 
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Table 3.—Clinical and Histologic Characteristics 
Related to Duration of Survival From Diagnosis 
Among 41 Black and 4612 White Patients With 
Malignant Melanoma 





Stage at diagnosis 
Thickness 








Ulceration 


Clark’s level 107 <.001 
Age at diagnosis 45 <.001 
Sex 39 <.001 


Histologic findings 
Race 


patients. Similarly, only 27% of the black patients pre- 
sented with Clark’s level I through III lesions, an inci- 
dence that is half that seen in the white population. Blacks 
also had a much higher incidence of thick melanomas, at 
31% vs 11.8%, and a much lower incidence of thin primary 
lesions, at 12% vs 25.5%. 

The question that must be addressed is whether race 
itself is a negative prognostic indicator, or whether black 
patients with melanoma have a poor prognosis because 
they have primary lesions associated with a poor outcome 
(acral-lentiginous melanoma and mucocutaneous pri- 
mary lesions, Clark’s level IV and V lesions, etc). A 
univariate analysis of this group of black and white 
patients identified stage, thickness, ulceration, Clark's 
level, age at diagnosis, sex, histologic characteristics, and 
race as important prognostic factors for survival (Table 3). 
Although race did demonstrate statistical significance, the 
importance was much lower than for many other clinical 
and histologic factors. A multivariate analysis using stage, 
age, sex, and histologic characteristics as predictors for 
survival was performed (Table 5). After adjusting for 
these factors, race added no additional prognostic infor- 
mation (P=.11). When thickness and stage at diagnosis 
were controlled for in a multivariate analysis, along with 
age and sex, again there was no prognostic contribution 
for race (P = .86). To emphasize this point, a group of black 
and white patients with acral-lentiginous melanoma on 
the sole of the foot, presenting during the 1980s with stage 
I disease, were compared (Fig 6). Although the numbers 
are small (eight black patients and 68 whites), no differ- 
ence in survival was noted between black and white pa- 
tients (P=.59). 


COMMENT 


Malignant melanoma in black Americans is an uncom- 
mon disease, that has been associated with poor outcome. 
Previous studies from the literature have emphasized the 
aggressive nature of melanoma in the black patient, with 
5-year survival estimated at 20% to 25%. These series, 
however, were based on patients presenting in the 1950s, 
1960s, and 1970s, and often presenting with advanced 
disease. Our impression from seeing black patients in the 
Duke University Melanoma Clinic during the past decade 
has been that survival was better than that reported in the 
literature. Review of all black patients with melanoma 
seen at our institution supported that impression. Sur- 
vival for the entire group was 35% at 5 years and 25% at 
10 years, slightly better than the reported figures from 
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Table 4.—Distribution of Clinical and Histologic 
Characteristics Among 41 Black and 4612 White 
Patients With Malignant Melanoma Diagnosed 

After 1980* 


White 
(n= 4612) 














Black 
(n= 41) 





Cheracteristic 





M 2556 (55.4) 20 (49) 39 
§ 2056 (44.6) 21 (51) ; 
Age at diagnosis, y 
<60 3434 (74.4) 17 (42) 
<.001 
>60 1178 (25.6) 24 (58) 


Primary site 










Axia 2561 (60.5) 8 (20) 
Extremity 1504 (35.5) 8 (20) <.001 
Sol@palm 119 (2.8) 19 (46) 
Musocutaneous 49 (1.2) 6 (15) 


Thickress, mm 









<1 1024 (25.5) 4 (12) 
1.0-4.0 2516 (62.7) 18 (56) .003 
>43 474 (11.8) 10 (31) 

Clark5 level 
1-1 2143 (52.1) 9 (27) 005 
IV" 1967 (47.9) 24 (73) 


Ulceration 
Yes 1027 (24.4) 










16 (41) 






017 
No 3182 (75.6) 23 (59) 
Histciogic findings 
SSe\/LMM 3091 (77.7) 10 (32) 
Nedular 713-(17.9) 4 (12.3) <.001 
ALM 174 (4.4) 17 (55) 
Stage at diagnosis 
l 3824 (82.9) 31 (70) 
I 635 (13.8) 9 (20) 018 
I 153 (3.3) 4 (9) 





*Values are number (percent). Percentages are based on total 
within category. Some percentages do not add to 100% owing to 
rounding. SSM indicates superficial spreading melanoma; LMM, 
lentigo maligna melanoma; and ALM, acral-lentiginous mela- 
noma. 


previous series. However, when patients were examined 
according to the decade of their presentation, the survival 
data were even more pronounced. Those patients pre- 
sentins before 1980 had a 5-year survival of only 26%, in 
keepirz with the published survival data. In striking 
contrast, those patients presenting during the past decade 
had a 5-year survival of 49%, almost double that seen in 
the earlier group. 

To understand the reasons for the improvement in sur- 
vival, -he clinical and histologic characteristics of all 79 
black patients were examined, according to the year of 
diagnesis. Similar numbers of patients in both groups had 
primary lesions located on the palms or soles, extremities, 
or mecocutaneous surfaces. Acral-lentiginous lesions 
comp=ised most of the primary lesions for both groups. 
The cefference between the groups was apparent when 
the invasive nature of the primary lesion was examined. 
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Fig 4.— Actuarial survival curves for black patients with melanoma 
according to the year of diagnos’s. Patients diagnosed before 1980 
(solid line) experieneed a median survival of 2.2 years and a 5-year 
survival of 26%. Survival was significantly better for patients 
diagnosed in the 1980s (broken Fne), with a median survival of 3.6 
years and a 5-year survival of 49% (P=.045). 
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Fig 5.—Actuarial survival curves for all black (broken line, n =41) and 
white (solid line, n=4512) patients diagnosed during the 1980s. 
Five-year survival was significantiy better for white patients when 
compared with black patients, 74% vs 49% (P =.001). 


of males and females and age at diagnosis. In addition, 
primary lesions on the sole or palm (49% vs 43%) and ex- 
tremities (26% vs 18%) were the most prevalent for both 
groups. Two important differences were noted between 
these patient groups, however. Although complete 
pathologic records were often unavailable for patients 
originally diagnosed in the early 1970s, Clark’s level was 
available in 14 of these patients. All patients presented 
with Clark’s level IV and V lesions (57% and 43%, respec- 
tively). For those patients who presented in the 1980s, 
there has been a shift toward less invasive lesions. While 
Clark’s level IV lesicns were still the most common (52%), 
more than one fourth of these patients presented with 
Clark’s level I through III lesions, and the percentage of 
Clark’s level V lesions had decreased by half, from 43% to 
21%. Also a slight decrease was noted in the number of 
lesions with a Breslow’s thickness greater than 4.0 mm 
(38% vs 31%). In addition, the number of lesions with ul- 
ceration decreased from 69% in the earlier group to 41% 
in the patients diagnosed during the later period. 

In addition to this trend teward less invasive primary 
lesions, there has also been a shift toward earlier stages 
of disease. More than 70% of the patients diagnosed in the 
past decade have presented with stage I disease, com- 
pared with 57% of those patients diagnosed before 1980. 
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In addition, the number of patients presenting with stage 
II disease has dropped from 23% for the earlier patient 
group to 9%. 

The actuarial survival curves for these two patient 
groups are shown in Fig 4. Patients diagnosed before 1980 
had a median survival of 2.2 years and 5- and 10-year 
survivals of 26% and 19%. Mean follow-up for this patient 
group is 15.2 years (range, 8.8 to 22 years). In contrast, the 
median survival for patients diagnosed after 1980 was 3.6 
years, with a 5-year survival of 49%. Ten-year data are yet 
unavailable for this patient group, with a mean follow-up 
of 5.0 years (range, 4 months to 9.7 years); however, the 
difference in survival between these two groups was sta- 
tistically significant (P = .045). 

We next compared the survival of the 44 black patients 
diagnosed in the 1980s with more than 4600 white patients 
with melanoma also diagnosed in the past decade. The 
5-year survival for white patients was significantly better 
at 74%, compared with the 49% 5-year survival for black 
patients (Fig 5; P=.0001). Prognostic factors related to 
survival for this group of black and white patients were 
then examined in a univariate analysis. Patients with oc- 
ular melanoma were excluded, which left 41 black pa- 
tients and 4612 white patients. The variable most strongly 
related to survival was stage of disease, followed in order 
of importance by thickness, ulceration, and Clark’s level 
(Table 3). Four additional variables were also related to 
survival, including age at diagnosis, sex of the patient, 
and histology. Race was a significant variable as well; 
however, it is crucial to note that it was eighth in order of 
importance, falling behind all of the previously men- 
tioned variables. 

These eight prognostic variables were further examined 
and their distribution between the black and white patient 
populations determined. The clinical and histologic char- 
acteristics are presented in Table 4. Sex of the patient was 
the only variable that was not significantly different 
between the black and white populations. A significant 
difference was noted in the distribution of the remaining 
variables, with blacks having a higher incidence of nega- 
tive prognostic indicators. Black patients had a higher in- 
cidence of patients presenting beyond the age of 60 years 
(58% vs 25.6%). The distribution of primary lesions was 
strikingly different, with blacks having much greater 
numbers of palm or sole (46% vs 2.8%) and mucocutane- 
ous (15% vs 1.2%) primaries, both of which are associated 
with a poor outcome. When one looks at histologic find- 
ings, blacks had a greater incidence of acral-lentiginous 
melanomas when compared with white patients (55% vs 
4.4%). Blacks also had a much higher incidence of ulcer- 
ation in the primary lesion (41% vs 24.4%). Both of these 
histologic variables are associated with poor outcome. 

The two most important factors in the univariate anal- 
ysis in predicting outcome were stage at diagnosis and 
thickness of the primary lesion. When we examined these 
two variables, again striking differences were found 
between the black and white populations. Fewer black 
patients presented with stage I disease when compared 
with whites (70% vs 82.9%). Conversely, significantly 
more black patients presented with stage II (20% vs 
13.8%) and III disease (9% vs 3.3%). Looking at the depth 
of invasion of the primary lesion, black patients had sig- 
nificantly more patients presenting with Clark’s level IV 
and V lesions. This was seen in almost 75% of the black 
patients compared with less than 50% of the white 
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Fig 1.— Actuarial survival curve for all 79 black patients with malig- 
nant melanoma. Median survival was 2.8 years, with 5- and 10-year 
survival of 35% and 26%, respectively. 
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Fig 2.—Actuarial survival curves for black patients with melanoma 
according to the sex of the patient. No difference in survival was 
noted between male (solid line, n=37) and female (broken line, 
n= 42) patients (P=.23). 
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Fig 3.—Actuarial survival curves for black patients with melanoma 
according to the stage of disease at presentation. Patients with stage 
| disease experienced a median survival of 4.0 years, with 5- and 10- 
year survival of 46% and 32%, respectively. This was significantly 
better than the survival of patients presenting with stage 11 (P = .006) 
or stage II] (P<.001) disease. Patients with stage II disease had a 
median survival of 2.0 years and a 5-year survival of 25%. The me- 
dian survival for patients with stage II] disease was only 2.4 months. 
The difference in survival of patients with stage II vs III disease was 
also statistically significant (P =.003). 


has survived long-term; he presented with an isolated 
pulmonary nodule found at thoracotomy to be mela- 
noma. He is free of disease for more than 10 years from 
diagnosis. 

Previous studies in the literature have emphasized the 
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Table 2.—Clinical and Histologic Characteristics of 
All 79 Black Patients With Malignant Melanoma, 
Divided According to Original Diagnosis Before 1980 
or From 1980 Through 1989* 


Before 1980 
(n=35) 










1980-1989 
(n= 44) 





Characteristic 


M 15 (43) 
F 20 (57) 


22 (50) 
22 (50) 





















Mean age (range), y 55.8 (21-94) 61.0 (4 mo-89) 

Primary site 
Trurk 0 4 (9.1) 
Extremity 9 (26) 8 (18) 
Solepalm-finger-toe 17 (49) 19 (43) 
Mucocutaneous 3 (8.6) 6 (14) 
Heac-neck 0 4 (9.1) 
Occlar 2 (5.7) 1 2:3) 
Unknown primary 4 (11) 2 (4.5) 

Histoldgic findings 
LMM 0 2 (6:5) 
SSM 4 (18) 8 (26) 
Nodular 0 4 (13) 
ALM 18 (82) 17 (55) 










Ulceration 

Yes 9 (69) 
No 4 (31) 
Thickness, mm 
















16 (41) 
23 (59) 
















<19 1 (12) 4 (12) 
1.04.0 4 (50) 18 (56) 
>40 3 (38) 10 (31) 

Clark s level 
| 0 1 (3.0) 
I 0 3 (9.1) 
II 0 5 (15) 
IV 8 (57) 17 (52) 

6 (43) 7 (21) 





20 (57) 31 (70) 
I! 7 (20) 9 (20) 
Il 8 (23) 4 (9) 








*Excert for age, values are number (percent). Percentages are 
based on total within subcategory. Some percentages do not add 
to 100% owing to rounding. LMM indicates lentigo maligna mela- 
noma; SM, superficial spreading melanoma; and ALM, acral- 
lentigincus melanoma. 


poor prognosis for black patients with melanoma, with 
5-year survivals estimated at 20% to 25%.'© These series, 
however, were based on patients diagnosed in the 1950s, 
1960s, and 1970s. Our 5-year survival of 35% for the total 
group, and 46% for all stage I patients, was an improve- 
ment over earlier survival data. We therefore examined 
our patient population according to the year of diagnosis, 
and grouped patients diagnosed before 1980 and those 
diagnosed from 1980 through 1989. The clinical and his- 
tologic characteristics for these two groups are given in 
Table 2. The groups were similar with respect to numbers 
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Table 1.—Clinical and Histologic Characteristics of 
All 79 Black Patients With Malignant Melanoma* 


No. (%) 





Characteristic 





37 (47) 
42 (53) 





Age at diagnosis, y 
0-29 

30-39 

40-49 


5 (6.3) 
6 (7.6) 
11 (14) 


50-59 11 (14) 
60-69 28 (35) 
70-79 13 (16) 
80-89 4 (5.1) 
90-99 1 (1.3) 
Mean (range), y 58.7 (4 mo-94) 
Primary site 
Sole-palm-finger-toe 35 (44) 
Extremity 17 (22) 
Mucocutaneous 10 (13) 
Unknown primary 6 (7.6) 
Trunk 4 (5.1) 
Head-neck 4 (5.1) 
Ocular 3 (3.8) 


Stage at diagnosis 
51 (65) 
17 (22) 
11 (14) 


1 (2.1) 
3 (6.4) 
5 (11) 
25 (53) 
13 (28) 
Thickness, mm (available for 40 patients) 
<1.0 






5 (12) 















1.0-4.0 22 (55.0) 

>4.0 13 (32) 
Histologic findings (ava lable for 53 patients) 

LMM 2 (3.8) 





SSM 
Nodular 
ALM 


Ulceration (available for 52 patients) 


12 (23) 
4 (7.5) 
35 (66) 









Yes 25 (48) 
No 27 (52) 


*LMM indicates lentigo maligna melanoma; SSM, superficial 
spreading melanoma; and ALM, acral-lentiginous melanoma. Pa- 
tients with ocular melanoma were excluded. Mean thickness was 
3.7 mm; median, 2.6 mm. 
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melanoma, patients were further divided into two treatment 
groups based on the year of their initial diagnosis. The first group 
consisted of 35 patients diagnosed before 1980, and the second 
group consisted of 44 patients diagnosed between 1980 and 1989. 
Mean follow-up for these two groups was 15.2 years (range, 8.8 
to 22 years) and 5.0 years (range, 4 months to 9.7 years). 

An additional 7552 white patients were seen with melanoma 
during this same period. Contingency table analysis was used to 
compare frequencies of black and white patients in categories of 
selected risk factors, with statistical significance determined by 
the Pearson x? test adjusted for multiple comparisons. Actuarial 
survival curves were constructed by the method of Kaplan and 
Meier.” The log rank test was used to determine statistical 
significance, with P<.05 considered significant.” Univariate 
analysis was performed to identify risk factors related to sur- 
vival, using Cox’s proportional hazards regression model. The 
following variables were examined: stage of disease (I vs II and 
IT), age at diagnosis (<60 vs >60 years), ulceration, Clark’s level 
(I through III vs IV and V), Breslow’s thickness (>4.0 vs <4.0 
mm), histologic findings (acral-lentiginous melanoma vs all oth- 
ers), sex, and race. A multivariate analysis using stepwise 
regression was then performed to determine the prognostic sig- 
nificance of race, after adjusting for other variables related to 


prognosis. 


RESULTS 


The clinical characteristics for the entire group are pre- 
sented in Table 1. The numbers of males and females were 
approximately equal. The mean age was 57.8 years, with 
the peak incidence in the seventh decade of life. A single 
patient presented before the third decade; this was a 
4-month-old male infant in whom melanoma developed 
in a giant congenital nevus. As has been demonstrated in 
other series,'* the greatest number of primary neoplasms 
were on the sole or palm (44%), followed by extremity 
primaries (22%), mucocutaneous primary lesions (13%), 
and unknown primary lesions (7.6%). A small number of 
patients also presented with axial primaries (5.1% trunk, 
5.1% head-neck) or ocular primaries (3.8%). Almost two 
thirds of the patients presented with stage I disease, an- 
other 22% with stage II disease, and 14% with stage II 
disease. 

Most patients presented with Clark’s level IV or V 
lesions (81%), with only a small number of patients pre- 
senting with less invasive disease (Table 1). Almost one 
third had lesions with a Breslow’s thickness greater than 
4.0 mm; mean tumor thickness was 3.7 mm, and median 
tumor thickness was 2.6 mm. Acral-lentiginous mela- 
noma was the most frequent histologic type (66%), 
followed by superficial spreading melanoma (23%). Ul- 
ceration was present in approximately half of the lesions. 

The actuarial survival curve for the entire group is 
shown in Fig 1. Median survival was 2.8 years; 5- and 10- 
year survivals were 35% and 26%, respectively. Although 
female patients have been shown to have a greater 
survival in the white population, this was not seen in this 
series of black patients with melanoma. No difference in 
survival was noted between the male and female patients 
(Fig 2). When survival was further examined by stage at 
diagnosis (Fig 3), patients who presented with stage | 
disease had a median survival of 4.0 years, with a 5-year 
survival of 46% and a 10-year survival of 32%. Patients 
with stage II disease at presentation experienced a median 
survival of 2.0 years and a 5-year survival that decreased 
to approximately 25%. Patients who presented with stage 
III disease had a poor outcome, with a median survival of 
2.4 months. Only a single patient with stage III disease 
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Malignant Melanoma in Black Americans 


A Trend Toward Improved Survival 
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è A search of patients seen at the Duke University Mela- 
noma Clinic (Durham, NC) identified 79 black patients. 
Five- and 10-year survival was 35% and 26%, respectively. 
Patients presenting in the recent decade had less advanced 
disease, resulting in an improved 5-year survival of 49%. 
Five-year survival for white patients was 74%. Black pa- 
tients had more negative prognostic indicators when com- 
pared with white patients. In a multivariate analysis, how- 
ever, race was not a prognostic indicator, suggesting 
melanoma is not inherently more aggressive in black 
patients. The trend during the past decade has been for 
black patients to present with less advanced disease, with 
improved survival. This may be related to better apprecia- 
tion of the disease by patients and physicians alike. Contin- 
ued emphasis on education and early diagnosis may result 
in further improvement for black patients with melanoma. 
(Arch Surg. 1991;126:1359-1 365) 


hile skin cancer is the most common form of cancer 
among whites in the United States, it is rare in 
American blacks. The incidence of nonmelanoma skin 
cancer has been estimated to be 232.6 per 100000 popu- 
lation for whites, compared with 3.4 per 100000 for 
blacks,! with most of the skin cancers in blacks being 
squamous cell carcinoma. The incidence of malignant 
melanoma in American blacks is even lower, estimated at 
0.7 per 100000 population, compared with 8.6 per 100 000 
for whites.! Other series have estimated the incidence of 
malignant melanoma in blacks to range from 0.5 to 1.1 per 
100000 population.” The incidence for melanoma in 
whites has ranged from a low of 2.0 per 100 000 in a series 
from the United Kingdom to a high of 17 per 100 000 from 
an Australian series.” Although the numbers vary slightly 
among the series, in all cases the incidence of malignant 
melanoma is much lower for blacks, supporting the belief 
that the increased melanin in pigmented skin protects 
against sunlight-induced skin cancer. 
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While malignant melanoma is uncommon in the black 
populat.on, it is generally thought to be a more aggressive 
disease in blacks compared with whites. Reintgen et al? 
reported a 5-year survival of only 23% in their series of 31 
black patients with melanoma. Krementz et al,° in their 
series cf 96 black patients with melanoma, reported a 
5-year survival of 27% and a 10-year survival of 21%. Two 
additional studies also emphasized the aggressive nature 
of malignant melanoma in the black population. Fleming 
etal reported a series of 13 black patients with melanoma. 
Nine presented with stage II disease and three with stage 
III disecse. Eleven had died within 48 months; one patient 
was alive at 14 months with recurrent disease, and a sin- 
gle pati2nt was free of disease, but only 6 months out from 
diagnosis. Rippey and Rippey,” in their series of mela- 
noma in South African blacks, also reported poor sur- 
vival, with 1-, 3-, and 5-year survival of 51%, 28%, and 
19%, respectively. 

All cf these studies have emphasized the aggressive 
nature >f malignant melanoma in the black population, as 
seen by the dismal 5-year survival figures. These series, 
however, have been based on patients diagnosed in the 
1950s, 1960s, and 1970s, and often presenting with 
advanced disease. Our impression at the Duke University 
Melanema Clinic (Durham, NC) was that black patients 
seen during the past decade had a better outcome than 
would be expected from the survival data cited in the lit- 
erature, and this prompted us to review our experience 
with black American patients. We report herein our series 
of 79 black patients seen at the Duke University Mela- 
noma <linic. 


PATIENTS AND METHODS 


Since its inception in 1970, the Duke University Melanoma 
Clinic has registered more than 7500 patients. A retrospective, 
compucer-aided search identified 79 black patients with malig- 
nant melanoma, and these patients form the basis for this report. 
Patients with stage I or II disease were treated by wide excision 
of the primary lesion, with lymph node dissection if clinically 
indicated. Patients with stage III disease were treated with che- 
mothe-apy, or in the case of a male with an isolated pulmonary 
nodule, by excision of the metastatic lesion. Patients with ocular 
melanema were treated by enucleation. Complete follow-up was 
available for 76 patients, with only three patients unavailable for 
follow-up. Mean follow-up for the entire group was 9.7 years 
(medien, 8.8 years; range, 4 months to 22 years). To examine 
changes in the presentation and outcome of black patients with 
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Discussion 
C. P. KARAKOUSIS, MD, Buffalo, NY: Your conclusion was that 
resection of symptomatic gastrointestinal tract metastasis pro- 
vides worthwhile palliation, and indeed this is reflected in the 
literature concerning this topic. Our experience at Roswell Park 
Cancer Institute with resection of metastatic disease indicates 
that the greatest palliation is achieved, as well as long-etrm sur- 
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vival, in patients who have a small number of metastatic lesions 
(ie, one or two) and long disease-free intervals (greater than 1 
year, preferably greater than 2 years). I think this is borne out in 
your study, too. The only point that raises some concern is that 
in your statistical analysis, there was no prognostic significance 
to the extent of resection. This would suggest, at least to some 
people in the audience here, that a bypass procedure, for exam- 
ple, being the lesser operation, might do just as well as a resec- 
tion, when resection might be a feasible alternative. I think it may 
be worthwhile to look into your data (or perhaps you have an an- 
swer now). You did indicate that 9% of your patients had 5-year 
survival. Most likely, this 9% was among the patients who had 
complete resection. Since only 52% of the patients you saw had 
complete resection, half of them, for them the 5-year survival 
probably is about 18%. Also, if you look at the patients who had 
complete resection, according to their prior disease-free interval, 
you may find that of the group who had complete resection and 
along disease-free interval, a very substantial proportion reached 
5-year survival. My concern is that perhaps the role of complete 
resection of a GI tract metastasis is obscured in the middle of all 
the other parameters. Perhaps if you look at the patients who had 
the long disease-free intervals and complete resection, their 
5-year survival may be substantially higher than 9%. 

DANIEL G. Corr, MD, New York, NY: This paper virtually 
parallels our experience from Sloan-Kettering, which are in press 
now. The papers are really identical in terms of their results and 
conclusions. I take issue a little bit with Dr Karakousis. I think 
it is important to emphasize that when you looked at all of your 
variables, the only one that came out was the presence of small- 
bowel metastasis. I have a couple of questions with regard to 
that, because I think you've really shown very clearly that while 
you can palliate patients well, it’s not clear that the extent of the 
operation affects the natural history of the disease. The patients 
whom you can completely resect are the ones with very low tu- 
mor bulk. I think it’s important to emphasize that in our series, 
we were not able to show that complete resection made any dif- 
ference. There were very few patients whom we were able to 
completely resect. It’s important to recognize that this is, by and 
large, a palliative procedure, that in your series of 41 patients, 
you have four patients alive at 5 years, but only one is disease 
free. Again, this is a palliative procedure. 

With regard to the patients with small-bowel metastases, they 
emerge as a poor prognostic group. Clearly, most of your 
patients had small-bowel metastases, but a large number of 
those patients with small-bowel metastases also had metastases 
in another site of the GI tract—you said about 25% of them. Did 
you look at patients with small bowel only, as opposed to colon 
only or stomach only? Did they emerge as badly as patients with 
any small-bowel metastases? 

My other question really relates back to what you think you 
are trying to accomplish with these operations. How would you 
approach the patient who really had no symptoms, but had a 
guaiac-positive stool and, let’s say, a small metastasis in the right 
colon—somebody who is not truly symptomatic? Do you think 
that your operation is altering the natural history of the disease 
enough to warrant an operation in that patient, or should they 
be observed with the understanding that their median survival 
is between 6 and 9 months, and that this lesion may just be the 
harbinger of systemic disease? 

Dr CaPuty: Because bypass was performed in only one patient, 
the statistical analysis could not be correlated with the remainder 
that had higher patient numbers. In terms of the extent of resection, 
we agree with your findings that the disease-free interval seems to 
be correlated well with long-term survival, in that those are the only 
patients who had long-term survival. Even though we had rela- 
tively high numbers in terms of complete resection and incomplete 
resection, we could not find any correlation. 

I do not have the figures, but in comparison with those who had 
small-bowel as well as large-bowel metastases, or small-bowel as 
wellas stomach, they still had a worse prognosis. Itis my feeling that 
you would, in all likelihood, wait for symptoms to occur, especially 
with the prognosis being so grave in these patients. 
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tolerate surgery and to have some expectation of postop- 
erative survival based on the extent of their metastatic 
melanoma. The mean or median duration of survival re- 
ported has varied from 4 to 17 months.**!” The median 
survival of our patients was 9.5 months (0.8 years). The 
variability between studies undoubtedly represents pa- 
tient selection factors and small sample size. 

Although the mean survival periods have been brief, 
symptomatic improvement was achieved in the majority 
of patients. Our rate of 81% effective palliation is compa- 
rable with those of other large published series in which 
79% to 90% of patients benefited from operative 
intervention. While long-term survival cannot be ex- 
pected for these patients, our 5-year actuarial survival rate 
of 9% is similar to the 19% reported by Klaase and Kroon.° 

Selective operative resection of melanoma metastatic to the 
gastrointestinal tract can be a worthwhile endeavor, but it 
must provide a likely prospect of palliation, given the risk of 
perioperative morbidity and mortality and short patient life 
expectancy. We examined patient and tumor variables as po- 
tential predictors of favorable results. Several authors have 
noted improved survival for patients with metastatic mela- 
noma if the tumor involvement was limited to one site.2"* In 
our series of patients, the presence of extragastrointestinal 
metastases did not impact patient outcome. Balch and co- 
workers? also noted longer survival in patients with more 
than 1 year between their diagnosis of primary melanoma 
and the diagnosis of metastasis. Although a short (<2 years) 
disease-free interval between the primary tumor treatment 
and the diagnosis of metastasis was not a significant multi- 
variate predictor of decreased patient survival, there was a 
clear univariate trend (P<.05). 

Neither patient age nor gender provided any benefit in 
predicting patient survival following surgery for gas- 
trointestinal melanoma metastases, which is in agreement 
with previous reports.*'® Performance status, a general 
indicator of physiologic status secondary to tumor extent 
and underlying disease, showed a trend toward signifi- 
cance, both univariately and multivariately. A patient's 
ability to tolerate surgery clearly enters into the surgeon’s 
decision to operate. Moribund patients have been un- 
common in previous reports of surgery for gastrointesti- 
nal melanoma metastasis.’ Patients in this study with im- 
paired preoperative ECOG performance scores (ECOG of 
2 to 4) had frequently experienced acute physiologic de- 
compensation caused by their metastatic disease. Al- 
though performance status is an imperfect predictor of 
outcome, a chronically debilitated patient will have a 
higher likelihood of postoperative complication and less 
chance of good quality of life. 

A variety of tumor variables were analyzed for their impact 
on patient survival. The site and extent of disease at the time 
ofinitial treatment had no significant impact on survival once 
metastatic melanoma developed. Similar results have been 
previously reported.*’° The presence of metastases at two or 
more sites, including the gastrointestinal tract, did not have 
a noticeable effect on patient outcome, in contrast to another 
study in which two or more sites of metastatic melanoma 
worsened patient prognosis.” 

The finding that metastasis to the small intestine fore- 
casts a poorer outlook has not previously been reported, 
to our knowledge. Because the small bowel is the gas- 
trointestinal segment most frequently involved in meta- 
static melanoma’? and the portion of bowel most easily 
resected, the effect of this finding on patient treatment is 
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questionable. We would not forgo treatment of symptom- 
atic small-bowel metastases in an otherwise fit patient, 
even though our data predict a shorter life expectancy. 

Several treatment variables were analyzed as predictors 
of patient survival. The ability to resect all gross disease 
had no effect on patient outcome in this study. All appar- 
ent gastrointestinal melanoma metastases should be ex- 
cised when this can be achieved with acceptable morbid- 
ity. Unless there is diffuse involvement of the small bowel, 
this can be readily achieved with minimal side effects, as 
can limited colonic and gastric resections. Esophageal re- 
section should be considered because it can achieve mean- 
ingful palliation.” Rectal melanoma metastases requiring 
abdominoperineal resection pose a difficult treatment 
problem, since a colostomy may provide poor palliation. 

No therapy administered after surgical removal of gas- 
trointestinal melanoma metastases had demonstrable im- 
pact on patient survival. Despite the absence of efficacious 
systemic therapy, others have reported improved patient 
survival when additional postoperative treatment was ad- 
ministered. Patients who have recovered from resection of 
their gastrointestinal metastases and will tolerate additional 
therapy should be considered for available clinical trials. 

For those patients presenting with symptomatic gas- 
trointestinal metastases who are candidates for a major op- 
erative procedure, there are multiple reported 
experiences*®”~? demonstrating a high rate of palliation, 
acceptable patient morbidity, and some chance of long- 
term survival. Our data concur with those reports that uni- 
formly endorse the surgical treatment of these patients. 
Because our patient population was carefully selected, we 
caution against the universal practice of metastasis resec- 
tion. The decision must be based on the probability of pa- 
tient benefit and expectance of patient survival. A patient 
who has developed a surgical emergency (eg, obstruction, 
hemorrhage, or perforation) from gastrointestinal me- 
tastasis of melanoma and who has a good likelihood of 
postoperative recovery and normal activity based on the 
extent of their disease and overall health would most ben- 
efit from such therapy. Patients with incidentally diag- 
nosed metastases of the gut or moribund patients should 
not be considered for this treatment. 

In an attempt to determine which people would gain 
the longest palliation from operative intervention, patient 
survival was analyzed. Few variables were identifiable as 
predictors of improved patient survival in this study, 
perhaps due to the modest number of participants. 
Improved performance status and longer disease-free in- 
terval seem to enhance survival. Although patients with 
small-bowel involvement had a shorter expected survival, 
because of the high frequency of symptomatic metastasis 
to the small intestine, relative ease of surgical resection, 
and high probability of palliation, these patients should 
be treated similarly to patients with melanoma metastatic 
to other gastrointestinal sites. Accepting the limitations of 
this type of surgery, we strongly endorse the resection of 
symptomatic melanoma metastatic to the gastrointestinal 
tract for patients who are acceptable surgical candidates. 


The authors wish to thank Joy A. Bliss for her research assistance, 
and Rhonda Foltz for preparation of the manuscript. 
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Fig 3.— Comparison of patient survival by preoperative Eastern Co- 
operative Oncology Group (ECOC) performance status (P<.13). 
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Fig 4.— Comparison ef patient survival by disease-free interval of 2 
years or less vs more than 2 years (P<.05). 
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Fig 5.—Patient survival with or without small-bowel metastasis 
(P<.07). 


The presence of small-intestinal metastases remained a 
significant predictor (P<.01) of patient survival with multi- 
variate analysis, but neither a poor ECOG performance sta- 
tus (ECOG of 2, 3, or 4) nor a disease-free interval of 2 years 
or less was significant using the proportional-hazards model 
(Table 4). The effeet of combining small-bowel involvement 
and patient performance status on patient survival was es- 
timated. Although the sample sizes were small for each 
group, a median survival of 6.2 years was noted for patients 
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Table 4.—Multivariate Analysis of Patient Survival 
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2,3, 074 ‘+--+, 
(n=9) 
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Fig 6.— Combination of Eastern Cooperative Oncology Group 
(ECOC) patient performance status and the presence or absence of 
small-bowel metastases. 


with good performance status (ECOG of 0 or 1)and no small- 
bowel metastases (Fig 6). 


COMMENT 

The incidence of malignant melanoma is rapidly in- 
creasing in the United States. Once metastatic disease 
has been diagnosed, the median survival is usually less 
than 6 months.2"*5 The site(s) of metastasis and extent of 
metastatic disease determine the duration of survival.’ 
Visceral metastases, including involvement of the gas- 
trointestinal tract, carry a poor prognosis. While any ben- 
efit of surgical resection in improving survival is limited 
at best, long-term survival has been reported after total 
resection of metastatic melanoma irrespective of metasta- 
sis location and number."° 

As important as prolonging life for patients with met- 
astatic melanoma is the palliation of symptoms. While 
most gastrointestinal metastases from melanoma remain 
undetected,!4 those that become symptomatic can cause 
life-threatening problems, including intestinal hemor- 
rhage, obstruction, and perforation. Relief from pain, 
partial obstruction, and other symptoms caused by me- 
tastases will significantly improve the quality of the 
patient's life. To justify palliative surgery in this setting, 
operative treatment must be performed with low mor- 
bidity and provide a high likelihood of symptomatic relief. 

Our results include an acceptable mortality rate (5%) 
and a complication rate of 32%. These data are compara- 
ble with those of previously reported series, in which op- 
erative mortality has ranged from 0% to 29%,*°"”* with 
a combined mortality of 6% (11 of 177 patients). All of 
these surgical series represented selected patients with 
symptomatic metastases who were believed to be able to 
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astrointestinal Sites of Metastitic 
anoma at Presentation 
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Table 3.—No 
Me 












Total 











Satellite skin 










lesions 1 (2) 5 (12) 6 (15) 
Other local 

recurrence 3 (7) 14 (34) 17 (41) 
Regional lymph 

nodes 6 (15) 7 (17) 13 (32) 
Distant lymph 

nodes 2 (5) 2 (5) 4(10) 
Lung 2 (5) 1 (2) 3 (7) 
Liver 4 (10) 0 4 (10) 
Brain 1 (2) 1 (2) 2 (5) 







Other (eg, spleen, 
biliary tract, bone) 





4 (10) 2 (5) 6(15) 





Esophagus, 5% of Patients 


Stomach, 27% of Patients 


Small Intestine, 71% of Patients 


Large Bowel, 22% of Patients 





Fig 1.—Distribution of gastrointestinal metastases from malignant 
melanoma. 


Follow-up 


Thirty-one patients (81%) experienced relief of their 
preoperative symptoms. Despite this, 22 (53%) of 41 pa- 
tients had either clinical (12 patients [29%]) or pathologic 
(10 patients [24%]) evidence of subsequent metastatic 
gastrointestinal tumor progression or recurrence. Addi- 
tional extraintestinal metastases were frequently detected 
before death, including pulmonary (14 patients [34%]), 
cerebral (10 patients [24%]), hepatic (eight patients 
[20%]), and osseous (10%) metastases. 

With a median postoperative follow-up of nearly 10 
months (maximum follow-up, 6.7 years), six patients 
(15%) are, to date, still alive, only one of whom is with- 
out known disease recurrence. The other 35 patients 
(86%) died of metastatic melanoma. The median survival 
for the entire patient population was 9.5 months, with 1-, 
3-, and 5-year survival rates of 44%, 11%, and 9%, 
respectively (Fig 2). 

In evaluating patient survival by sex or age, no differ- 
ences were noted in outcome. When patients with an ex- 
cellent ECOG performance status (0 or 1) were compared 
with those with greater impairment of activities (ECOG 
status of 2, 3, or 4), the more fit patients had a median 
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2 3 


Years Following Surgery 


Fig 2.—Overall patient survival following resection of gastrointesti- 
nal metastases. 


survival of 1.2 years, while the group with the poorer 
performance statuses lived a median of 0.8 years (Fig 3). 
While rot statistically significant, there was a trend 
toward improved survival for patients with a better ECOG 
performance status (P<.13). 

The site of the primary melanoma had no bearing on 
patient outcome following surgery for gastrointestinal 
metastases. Although patients with axial (ie, head, neck, 
and truncal) melanomas had a shorter median survival 
following resection of gut metastases (0.8 years), this was 
not significantly different from the median survival of 
patients with primary extremity melanoma (1.1 years). 
Similarly, the presence or absence of nodal metastases at 
the time of primary melanoma diagnosis had no signifi- 
cant impact on the duration of patient survival once gas- 
trointestinal metastases developed. Due to a lack of data 
regarding microscopic staging and the histologic features 
of the primary tumors, no survival analysis involving 
these variables was performed. 

A disease-free interval of longer than 2 years between 
treatment of the primary melanoma and the development 
of gastrointestinal metastases was associated with im- 
proved patient survival (P<.05) (Fig 4). The only long- 
term survivors following resection of melanoma me- 
tastases to the gut were patients who had more than a 
2.5-year disease-free interval between their primary and 
seconda-y tumor treatments. The pattern of metastatic 
disease had some effect on patient outcome. Although the 
documented presence of nongastrointestinal sites of me- 
tastasis rad no significant impact on patient outcome, 
patients with small-bowel metastasis did worse. The me- 
dian survival of 0.8 years for patients with small-intestine 
metastases was significantly shorter than the 2.5 years for 
patients without small-bowel involvement (P<.01) (Fig 
5). Analysis of patient survival after gastric or large-bowel 
metastasis resections revealed no difference in prognosis 
compared with those patients who did not have involve- 
ment of these organs. 

No treatment variable analyzed had any detectable im- 
pact on patient survival. Neither extended resection 
(gross tumor removal) nor postoperative treatment af- 
fected patient outcome. The data were insufficient to de- 
tect an effect on the duration of patient survival or the 
frequency of symptom palliation for those patients who 
developed postoperative complications. 
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Table 1.—Primary Melanoma Thickness 
and Depth of Invasion 


Variable No. (%) of Patients 


Thickness, mm 


<0.76 1 (2) 
0.77-1.50 2 (5) 
1.51-4.0 5 (12) 
>4.0 2 (5) 
Unknown 31 (76) 
Clark’s level 

| 0 

I 1 (2) 
Hl 6 (15) 
IV 10 (24) 
V 4 (10) 


Unknown 20 (49) 





ECOG =3; 7% of patients) or marked (ECOG =4; 5% of pa- 
tients) diminishment in patient fitness was less common. 


Primary Tumor 


The location of the primary melanoma was known in 34 
(83%) of 41 patients. There were nearly equal numbers of 
patients with head and neck (10 patients [24%], trunk (11 
patients [27% ]), and extremity (11 patients [27% ]) primary 
cutaneous melanomas. Two patients (5%) had primary 
ocular melanomas, and the remaining seven patients 
(17%) had no clinically apparent primary lesion. Primary 
tumor thickness and depth of invasion, as determined by 
Breslow" and Clark et al,” respectively, were not avail- 
able for the majority of patients. The distribution of 
these data, when known, is listed in Table 1. Docu- 
mentation of primary tumor ulceration (five patients 
[12%]), lymphocytic infiltration (one patient [2%]), pig- 
ment loss (four patients [10%]), or regression (no pa- 
tients) was infrequent. 

Most patients had localized primary melanoma. Seven 
patients (17%) hac pathologically proved nodal me- 
tastases at the time of their primary tumor diagnosis. No 
regional metastasis was detected during elective lym- 
phadenectomy in six (15%) of the patients. The remaining 
28 patients (68%) had no known clinical or pathologic ev- 
idence of lymph node metastasis at the time of initial 
treatment. Most patients underwent excision alone (22 
patients [54%]) or excision plus lymphadenectomy (10 
patients [24%]) for their original melanoma. Only eight 
(20%) of 41 patients had additional, nonsurgical therapy. 
The median time frem primary tumor treatment to the 
diagnosis of metastases was 2.3 years. The longest 
disease-free interval was 17.3 years. 


Metastatic Disease 


Symptoms caused by the metastatic melanoma were 
often nonspecific, and included fatigue, anorexia, and 
early satiety. Complaints related to tumor invasion (pain), 
luminal obstruction, and necrosis (gross gastrointestinal 
hemorrhage) were also common (Table 2). Eight patients 

0%) detected an abdominal mass themselves prior to 
seeking medical attention. The duration of symptoms 
prior to diagnosis of metastasis ranged from 0 to 20 
months (median duration, 2 months). 

Anemia was a frequent finding in this study population 
(median hemoglobin level, 97 g/L), but only 15 (37%) of 
41 patients had clinically apparent gastrointestinal blood 
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Table 2.—Patient Symptoms and Signs at Presentation 
of Gastrointestinal Metastases 


Variable No. (%) of Patients 










Symptom 
Fatigue 26 (63) 
Pain 23 (56) 
Anorexia/early 
satiety 19 (46) 
Obstruction 48 (44) 
Dysphagia 1 (2) 
Sign 
Gastrointestinal hemorrhage 
Clinically apparent 15 (37) 
Occult 8 (20) 
With hypotension 4 (10) 
Abdominal mass 
On physician examination 14 (34) 
Apparent to patient 8 (20) 
Weight loss 
=5 kg 9 (22) 


3 (7) 


Cachexia 





loss. Contrast study findings of the upper (27 patients 
[66% ]) and lower (nine patients [22%]) gut were often ab- 
normal, and more than a third of patients (34%) had 
computed tomographic evidence of metastatic intestinal 
involvement. Nearly one fourth of patients (10 patients 
[24% ]) underwent diagnostic preoperative upper or lower 
gastrointestinal endoscopy. 

Coincidentally, with the documentation and treatment 
of the gastrointestinal metastases, a wide variety of non- 
gut sites of metastasis were detected clinically or histo- 
logically (Table 3). Extraintestinal metastases were absent 
in 22 patients (54%), present in one site in 12 patients 
(29%), present in two locations in three patients (7%), and 
present in more than two anatomic sites in four patients 
(10%) in the study group. 

The small bowel was the portion of the gastrointestinal 
tract most frequently involved with metastatic melanoma 
(29 patients [71%]) (Fig 1). Gastric (11 patients [27%]) and 
large intestinal (nine [22%]) metastases were present in 
nearly equal numbers of patients. Only two patients (5%) 
had esophageal metastases that were surgically treated. 
Twelve patients (29%) had metastases to two or more 
parts of the gastrointestinal tract. 


Treatment 


Only one patient (2%) underwent palliative bypass. 
The remaining patients underwent limited resection (19 
patients [46%]), usually with gross residual intra- 
abdominal disease or a more extensive excision (21 
patients [52%]), leaving no apparent residual tumor. 
Two patients (5%) died after surgery, and 13 patients 
(32%) had postoperative treatment complications. 
These included infectious complications in four pa- 
tients (10%) (evenly split between wound and intra- 
abdominal sites), ileus in three patients (7%), myocar- 
dial ischemia in two patients (5%) (including a fatal 
myocardial infarction), and intra-abdominal hemor- 
rhage, pulmonary embolus, intracranial hemorrhage, 
and recurrent bowel obstruction in one patient each 
(2%). Selected patients received postoperative chemo- 
therapy (17 patients [41%]), radiation therapy (five pa- 
tients [12%]), or immunotherapy (four patients [10%)), 
in most instances for macroscopic residual melanoma. 
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Metastatic Melanoma of the Gastrointestinal Tract 


Results of Surgical Management 
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@ Between 1954 and 1989, 41 patients with melanoma 
metastatic to the gastrointestinal tract underwent surgical 
treatment at the Mayo Clinic, Rochester, Minn. The small 
bowel was most commonly involved (71%), followed by the 
stomach (27%), large bowel (22%), and esophagus (5%). 
Gross total excision of all intra-abdominal metastases was 
performed in 52% of patients. The postoperative mortality 
was 5% and the median patient survival was 0.8 years, with 
1- and 5-year survival rates of 44% and 9%, respectively. Of 
the patient, tumor, and treatment variables evaluated, pa- 
tients with small-intestinal metastases had a significantly 
worse prognosis. Although patients with melanoma meta- 
static to the bowel have a limited life expectancy, surgical 
resection of their metastases provides effective palliation. 
Operative treatment of selected patients with symptomatic 
melanoma metastatic to the gastrointestinal tract is a 
worthwhile undertaking. 
(Arch Surg. 1991;126:1353-1358) 


M alignant melanoma may metastasize to any organ 

and cause a broad spectrum of symptoms and 
signs. Despite the frequent autopsy findings of gas- 
trointestinal tract involvement by melanoma, the ante- 
mortem manifestations of gut metastases are relatively 
uncommon.’ Although the prognosis for patients with 
metastatic melanoma is bleak, a small percentage of 
patients will survive for years. At present, the ability to 
predict a patient's life expectancy is limited.? The dismal 
prognosis, coupled with the acute and sometimes life- 
threatening complications caused by gastrointestinal me- 
tastases, makes the clinical treatment of these patients 
problematic. Several authors** have reported good palli- 
ation following surgical treatment of melanoma meta- 
Static to the gut, and they have advocated an aggressive 
approach to this problem. We have reviewed our own 
experience with the operative management of metastatic 
melanoma of the gastrointestinal tract to evaluate our re- 
sults and determine if a group of patients who benefit 
most from surgical therapy could be identified. 
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MATERIALS AND METHODS 


The medical records of all patients seen at the Mayo Clinic, 
Rochester, Minn, between 1954 and 1989 who were recorded as 
having melanoma in the esophagus, stomach, small bowel, co- 
lon, anc rectum were retrospectively reviewed. Patients be- 
lieved tc have primary melanomas on the basis of site (anus) or 
histologec review were excluded, as were all patients diagnosed 
only at >ostmortem examination. Those patients who did not 
undergc laparotomy, in most instances due to advanced disease 
or poor underlying health, were also excluded from analysis. 
Forty-one patients met all of these selection criteria. 

Eighty percent of those patients undergoing operative treat- 
ment of melanoma metastatic to the gastrointestinal tract 
were, in the opinion of the operating surgeon, fit to undergo 
a major abdominal procedure and had signs of an acute 
surgical condition (eg, obstruction or gross or occult hemor- 
thage with anemia). The remaining patients were predomi- 
nantly -hose in whom a preoperative diagnosis of melanoma 
was not available (ie, unknown primary site or unsuspected 
metastasis) and surgical exploration was undertaken for a 
presumed primary gastrointestinal malignancy. Asymptom- 
atic and incidentally detected metastases of the gastrointesti- 
nal tract from melanoma have not routinely been operatively 
treated at our institution. Patients moribund from extensive 
metastatic disease or believed to be poor operative candidates 
because of their general health routinely received nonsurgical 
therapy during the study period. 

Data regarding the primary melanoma were collected, including 
site, thackness, date, and type of treatment. Symptoms, signs, di- 
agnostic tests, laboratory data, extent of disease, metastasis loca- 
tion, treatment, and follow-up were all documented for the meta- 
Static melanoma. All pathologic specimens from primary sites 
(when available) and gastrointestinal metastases were histologically 
reviewed by a single pathologist (J.R.G.). The follow-up data were 
complete for all patients. The preoperative performance status was 
estimated using the Eastern Cooperative Oncology Group (ECOG) 
Zubrod guidelines, defined as follows: 0 indicates asymptomatic; 1, 
symptomatic, fully ambulatory; 2, symptomatic, in bed less than 
50% ot the day; 3, symptomatic, in bed more than 50% of the day 
but net bedridden; and 4, bedridden.’ 

Comparisons of patient survival for discrete variables were 
made with the log-rank test. Multivariate analysis was per- 
formed using Cox’s regression model.’ Calculations of patient 
survival were obtained using the Kaplan-Meier method.” 


RESULTS 
Demographic Data 


The patient population included 20 men and 21 women. 
The median age at operation for metastasis was 54 years 
(mean age, 54.8 years), with a range of 19 to 84 years. Most 
patients had no decrease (ECOG = 0; 5% of patients) or min- 
imal (ECOG = 1; 63% of patients) decrease in their perfor- 
mance status. Moderate (ECOG=2; 20% of patients or 
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Discussion 


NICHOLAS J. PETRELL:, MD, Buffalo, NY: Our experience with 
distal one-third rectal lesions, obstructing bulky lesions, that you 
were able to relieve obstructive symptoms on, in a subgroup of 
patients, has created a perineal colostomy, so you end up doing 
an operation that you wanted to avoid with laser. In how many 
patients in this series cf 30 or so patients did that occur? Were 
you able to recanalize, but ended up creating incontinence and 
patients needing a proximal colostomy? 

H. STEARN, MD, Toronto, Ontario: There are a number of se- 
ries, including our own, that show that this is a technically fea- 
sible procedure. But when you put together sigmoid and rectal 
cancers, I think it becomes a bit confusing. I don’t think (at least 
in our experience) that there is any clear advantage to using over 
fulguration in the rectum, which is cheaper for many of us. In 
the sigmoid, it becomes a little more blurred because the advan- 
tages of the Nd:YAG through a flexible scope are preferable. Can 
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you break down how many of those were actually benefited in 
the sigmoid colon? That would be of some interest to us. In our 
own experience, we’re now confining the use of lasers to these 
tumors to try and avoid staged procedures in the acute sigmoid 
obstructions. 

LOREN J. HUMPHREY, MD, Columbia, Mo: We teach the resi- 
dents that one excises the tumor (even if there is metastatic dis- 
ease) for palliation on four symptoms: bleeding, obstruction, te- 
nesmus, and recurrent spread with presacral pain. Would you 
comment on the other two symptoms, that is, how many of these 
went on to develop tenesmus and pain from local extension or 
presacral pain? 

DR DANEKER: There were not really any patients who ended 
up with a perineal colostomy. However, I temper that statement 
by saying that there was a reasonable number of patients who 
had short follow-ups, so I do not know what would happen over 
a longer period of time. About half had obstructing tumors in the 
sigmoid and about half in the rectum. Electrocautery fulguration 
does work. It has classically been reported to have a complica- 
tion rate of up to 30% in the literature. Given the fact that we have 
the availability and the expertise to use the laser, we prefer to use 
that. As well, as you noted, once you get up past the rectum into 
the distal sigmoid, fulguration becomes technically nearly im- 
possible and you have to rely on the Nd:YAG. 

We really did not have any patients with a lot of difficulty re- 
lated to local invasion. A lot of our patients, because they tended 
to have laser therapy with the goal of palliation, had distant dis- 
ease, a lot of difficulty with debilitation and whatever. It was 
relatively infrequent for somebody to have isolated pelvic recur- 
rence that caused them to die. Usually it was a combination of 
local and distant disease, or they would develop distant disease 
after their initial presentation and would die of that. So that was 
really not a problem for us. 
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an attractive and cost-effective alternative.5® 1113 

Luminal recanalization by ELT has been used since the 
early 1980s for palliation in patients who are not candi- 
dates for surgery. Overall, ELT has proved to be effective 
in 85% to 100% of patients, with morbidity and mortality 
of 5% to 10%. Success in this high-risk group has encour- 
aged some investigators to explore use of adjunctive ELT 
to relieve obstruction before resection. Both Eckhauser et 
al’* and Kiefhaber et al’ reported that 90% to 100% of pa- 
tients with left colonic obstruction can undergo success- 
ful recanalization before a formal bowel preparation and 
resection. This approach also proved feasible in the 
patients undergoing resection in our series. 

Because of the significant reduction in local recurrence 
rates demonstrated in recent randomized trials, many 
patients with carcinoma of the distal sigmoid colon and 
rectum will be candidates for preoperative or postopera- 
tive radiotherapy.” The timing of radiotherapy has also 
been examined, and several studies suggest that neoad- 
juvant radiotherapy may be more effective than postop- 
erative radiation in preventing local recurrence.’”'%?! 
Neoadjuvant radiation can reduce small-bowel radiation 
exposure and may also facilitate resection by decreasing 
the tumor mass. In some cases, preoperative radiation 
may result in sufficient “downstaging” to allow curative 
resection of previously fixed, locally advanced tumors. 

In addition to its use for the treatment of metastatic 
disease, there are evolving additional indications for the 
use of chemotherapy in the treatment of cancers of the 
distal colon and rectum.” Recent attention has been fo- 
cused on the potential benefits of postoperative adjuvant 
chemotherapy in these patients. In addition, several che- 
motherapeutic agents have been shown to have a radi- 
osensitizing effect when coadministered with radia- 
tion.**° These compounds can improve the radio- 
responsiveness of various malignant neoplasms, 
including gastrointestinal tract carcinomas, in experimen- 
tal models.*”” The success of neoadjuvant radiotherapy 
and these experimental data have stimulated current 
clinical investigation of neoadjuvant chemotherapy com- 
bined with radiation for distal sigmoid and rectal cancers. 

Our results show that ELT will allow most patients with 
high-grade or impending obstruction of the distal sigmoid 
colon and rectum to participate in neoadjuvant therapy 
protocols, since luminal patency can be established and 
maintained during the 10- to 11-week period needed to 
administer and recover from therapy. In addition, many 
of our patients were able to receive radiotherapy, chemo- 
therapy, or both concurrent with ELT. Preoperative ELT 
can extend the range of options available to patients with 
an obstructing distal bowel cancer without requiring a fe- 
cal diversion before treatment. 

An interesting and somewhat surprising result of the 
study was the lack of significant differences between the 
patients with high-grade and low-grade obstructions 
when the incidence of obstructive symptoms, the re- 
sponse to ELT, the ability of ELT to maintain patency, and 
the time to treatment failure were compared. These data 
suggest that even patients with low-grade obstructions 
are at risk for developing a clinically significant bowel ob- 
struction relatively soon after presentation. Taken to- 
gether, these results support the early institution of ELT 
in patients with partial obstructions for both relief of 
symptoms and prevention of total obstruction. 

Endoscopic laser therapy is effective, durable, tolera- 
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ble, and safe. These characteristics make ELT the pre- 
ferred alternative to diverting colostomy for patients 
receiving neoadjuvant therapy and those requiring palli- 
ation of obstruction. 


We wist to acknowledge Shirley Hughes for her expert secretarial 
assistance. 
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Table 3.—Results of Endoscopic Laser Therapy 


Obstruction 
————_ > x7 
Low-Grade High-Grade 
(n= 22) (n=15) 











No. of 
treatment sessions 79 44 











Patency established, 

No. (%) 22 (100) 15 (100) 
Median sessions 

to functional patency 

(range) 1 (0-1) 1 (1-3) 
Patency maintained, 

No. (%) 18 (82) 13 (87) 
Median sessions tor 

maintenance (range) 3 (0-18) 1 (0-5) 
Failure 

No. of patients = 2 

Time, wk 5, 5, 7, 104 5, unknown 
Median follow-up, 

wk (range) 44 (1-123) 20.5 (1-109) 





were compared. Among the patients with high-grade ob- 
structions, only two ultimately required a diverting co- 
lostomy. In one patient, progressive luminal obstruction 
occurred despite three ELT sessions in 5 weeks. The other 
patient refused further ELT after suffering a minor myo- 
cardial infarction during his initial session. Four of the 
patients presenting with low-grade obstructions ulti- 
mately required fecal diversion. One patient developed a 
progressive obstruction from tumor and scarring that was 
not amenable to further ELT and was diverted after 109 
weeks of treatment. Another patient who underwent 
laparotomy for a small-bowel obstruction also required a 
colostomy because of pelvic carcinomatosis. The other 
two patients had mitially successful ELT but did not 
return for scheduled follow-up treatments and required 
diverting colostomies 5 and 7 weeks later. 

A total of 123 ELT sessions were performed in this se- 
ries, with only three treatment-related complications and 
one death. One patient developed bleeding requiring ful- 
guration, and another suffered a minor myocardial in- 
farction. The most serious complication was a colonic 
perforation resulting in sepsis and death. This patient 
presented with a total sigmoid colon obstruction and de- 
veloped sepsis 48 heurs after the initial ELT session. Be- 
cause of her poor medical condition and widely metastatic 
cancer, surgical intervention was not attempted. The ELT 
was safe and was sufficiently well tolerated to allow 
treatment in the outpatient setting. Specifically, 71% of 
patients with high-grade obstructions (and 81% of all pa- 
tients) were treated as outpatients. 

Overall, 23 patients (62%) undergoing ELT were able to 
receive other forms ef concurrent therapy (Table 4). Five 
patients completed acourse of radiotherapy, five patients 
received both radiation and chemotherapy, and 13 pa- 
tients received at least one course of chemotherapy. Of 
the 15 patients with high-grade obstructions, three (20%) 
received concurrent radiotherapy during 1 to 6 weeks, 
and five (33%) received concurrent chemotherapy during 
a mean duration of 7 weeks. One of these patients (7%) 
received both concurrent radiotherapy and chemother- 
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Table 4.—Concurrent Therapy 


Obstruction 


Low-Grade 


High-Grade 


Radiotherapy 
No. (%) of patients 5/22 (23) 3/15 (20) 
24-45 30-45 


Duration of therapy, wk 1-8 1-6 


Dose, Gy 


Completed therapy, 
No. (%) 


Chemotherapy 


5/5 (100) 3/3 (100) 


No. (%) of patients 11/22 (50) 5/15 (33) 
Agents used, No. (%) 

Fluorouracil 10/11 (91) 
6/11 (55) 
4/11 (36) 
2/11 (18) 
2/11 (18) 
1/11 (9) 


3/11 (27) 


4/5 (80) 
1/5 (20) 
0/5 (0) 
1/5 (20) 
0/5 (0) 

1/5 (20) 
0/5 (0) 


Leucovorin calcium 
Interferon 

Cisplatin 

Mitomycin 

Tumor necrosis factor 
Other 


Median duration 
of therapy, wk 19 7 





apy during an 11-week period. Chemotherapy was ad- 
ministered according to various phase I/II protocols active 
during the study period. Those patients not treated on 
protocols were given a fluorouracil regimen. In 14 patients 
with a poor performance status due to advanced disease, 
ELT was the only treatment given. 

We were particularly interested in determining 
whether the use of ELT would allow definitive treatment 
in patients presenting with an obstruction. Four patients, 
of whom three had initial high-grade obstructions, un- 
derwent a low anterior resection after ELT. Two patients 
had recanalization followed by a bowel preparation and 
definitive resection within 1 week of presentation. The 
third patient completed a course of neoadjuvant radiation 
and chemotherapy before resection. The final patient 
presented with a low-grade obstruction and hepatic me- 
tastasis. After three laser sessions and a course of fluo- 
rouracil with leucovorin calcium, the patient had a com- 
plete regression of her hepatic disease and underwent a 
low anterior resection 52 weeks after her initial ELT ses- 
sion. This patient died of a myocardial infarction 1 week 
after surgery. The other three patients were alive without 
evidence of disease 34 to 102 weeks after their initial ELT. 

At last follow-up, 24 (65%) of the patients were dead, 
10 (27%) were alive with disease, and three (8%) were 
alive without evidence of disease (Table 1). The median 
follow-up period was 44 weeks for the patients who died 
and 20.5 weeks for those who remained alive. 


COMMENT 


Five to ten percent of patients with carcinoma of the 
colon and rectum present with obstruction.! Traditional 
surgical treatment of these patients often involves fecal 
diversion with resection at a later date.** Because of the 
recognized limitations of this approach, luminal recanal- 
ization using an endoscopically guided Nd:YAG laser is 
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Table 1.—Patient Characteristics 


Obstruction 
a a 


Low-Grade High-Grade 
22 (59) 15 (41) 

Mean age, y 65 65 

Sex, No. M/F 13/9 7/8 


Tumor location, No. (%) 


No. of patients 


10 (45) 
12 (55) 
15 (68) 

7 (32) 


Previous surgery 7 


7 (47) 
8 (53) 
12 (80) 
3 (20) 


Distal sigmoid 
Rectum 


Primary cancer, No. (%) 


Recurrent cancer, No. (%) 


Previous radiotherapy 5 

Previous chemotherapy 7 
Disease status, No. (%) 
3 (20) 
2 (13.5) 
8 (53) 
2 (13.5) 


No evidence of disease 0 (0) 
8 (36) 
Dead of disease 13 (59) 
Dead of other causes 1 (5) 


*Prostate, one; cervix, one. 


Alive with disease 





Before ELT, patients passing stool underwent bowel prepara- 
tion with an antegrade lavage of polyethylene glycol (OCL So- 
lution, Abbott Laboratories, North Chicago, Ill). Tap-water en- 
emas were used for patients with obstipation. 

All procedures were performed in the endoscopy suite with 
the patient in the left lateral decubitus position on a fluoroscopy 
table. Patients were sedated with meperidine hydrochloride and 
midazolam hydrochloride before the procedure was begun. A 
colonoscope (Olympus GIF XQ-10 or CF-P105, Olympus Corp, 
Lake Success, NY) fitted with a filtering lens eyepiece was used. 
The laser fiber (Surgical Laser Technologies, Oaks, Pa) was 
passed through the biopsy channel of the endoscope and 
attached to the Nd:YAG laser (Surgical Laser Technologies). The 
ELT was performed with the use of contact and/or noncontact 
techniques.” The noncontact technique was used primarily for 
partially obstructing exophytic tumors. The retrograde contact 
technique was used preferentially for patients with more exten- 
sive or obstructing tumors. The laser output was set at 80 to 
100 W for noncontact ablation and 15 to 25 W for contact abla- 
tion. Each session continued until luminal patency was estab- 
lished or technical factors, such as smoke, debris, or poor visu- 
alization, precluded further ablation. Successful relief of 
obstruction by treatment was defined as the passage of stool or 
flatus or the resolution of the predominant obstructive symp- 
toms. Patients were re-treated within 48 to 72 hours after the 
initial session if additional tumor ablation was needed. After es- 
tablishment of adequate luminal patency, patients were fol- 
lowed up on a monthly basis. The need for repeated ELT was 
determined by repeated endoscopy during these scheduled vis- 
its. 

Patients were followed up until death or inability to return. 
Duration and timing of chemotherapy, radiotherapy, and sur- 
gery were recorded and analyzed. 


RESULTS 


Seventeen patients with adenocarcinoma of the distal 
sigmoid colon and 20 patients with adenocarcinoma of the 
rectum underwent ELT during the review period (Table 
1). This group consisted of 20 men and 17 women with a 
mean age of 63 years (range, 40 to 92 years). Ten (27%) of 
these patients were seen after an extraluminal and/or in- 
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~able 2.—Dominant Presenting Complaints 


Obstruction, No. (%) 
Low-Grade High-Grade 
(n=22) (n=15) 
16 (73) 12 (80) 

4 (18) 2 (13) 

1 (72) 
Metastasis 2 (9) 0 (0) 


*Includ@es nausea, vomiting, crampy abdominal pain, progressive 
constipat on, diarrhea, increased stool frequency, and obstipation. 


Obstrmactive symptoms* 
Bleeding 
Pain 0 (0) 


tralumiaal recurrence of their initial cancer. Among these 
patients with recurrent cancer, the initial operations were 
low antrior resection (five), sigmoid colectomy (three), 
local e=cision (one), and right colectomy (one). The 
patient who had a right colectomy required ELT for car- 
cinomasosis with an obstructing extraluminal pelvic re- 
currene. In addition, three of the patients with recurrent 
cancer ~eceived adjuvant radiotherapy, two patients re- 
ceived edjuvant chemotherapy, and two patients received 
both adjuvant radiation and chemotherapy for their orig- 
inal tumor before presentation for ELT. 

At the initial procedure, 15 patients (41%) were found 
to have a high-grade obstruction, and 22 (59%) had a 
low-grede obstruction. Obstructive symptoms were ini- 
tially present in 28 patients (75%); symptoms related to 
obstruction included nausea, vomiting, crampy abdomi- 
nal pam, progressive constipation, diarrhea, increasing 
stool feequency, and obstipation with or without rectal 
bleedir g. Most of these patients had multiple obstructive 
symptoms. Of interest was the apparent lack of correla- 
tion between the incidence of obstructive symptoms and 
the extent of initial obstruction (Table 2). Six (16%) of the 
remairing patients had bleeding without obstructive 
symptoms. One patient (3%) presented with back pain, 
and the remaining two cancers (6%) were found during a 
workup for clinically evident metastasis. 

After initial evaluation, 27 patients (73%) underwent 
ELT ae the principal means of palliation for unresectable 
locally extensive or metastatic cancer. Recanalization be- 
fore definitive therapy was the goal of laser ablation in an 
additimnal six patients (16%). The remaining four patients 
(11%) were referred for ELT rather than resection prima- 
rily because of medical contraindications to surgery. 
Amorg the 15 patients with high-grade obstructions, 10 
(66% ) underwent ELT for palliation, four (27%) had reca- 
nalization before definitive therapy, and one (7%) had a 
contreindication to surgery. 

Luninal patency was established in all patients, as ev- 
idenced by passage of flatus or stool and/or relief of pre- 
domimant symptoms, regardless of the degree of initial 
obstruction (Table 3). The median number of ELT sessions 
required to establish patency was one (range, one to 
three’. Once established, patency was maintained 
throughout the follow-up period in 31 patients (84%). A 
median of one additional ELT session (range, zero to five) 
was required to maintain patency in patients with high- 
grade obstructions, while a median of three additional 
sessions (range, zero to 18) was needed for patients with 
low-grade obstructions. There was no significant differ- 
ence in the ability of ELT to maintain patency when the 
patients with low-grade and high-grade obstructions 
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Endoscopic Laser Recanalization Is Effective for 
Prevention and Treatment of Obstruction in 
Sigmoid and Rectal Cancer 


George W. Daneker, Jr, MD; Grant W. Carlson, MD; David C. Hohn, MD; 
Patrick Lynch, MD; Leor Roubein, MD; Bernard Levin, MD 


è Patients with obstructing cancers are ineligible for pre- 
operative chemotherapy and radiation unless they undergo 
surgical diversion. Endoscopic laser therapy (ELT) may pro- 
vide an alternative to colostomy for these patients. We ret- 
rospectively reviewed all patients with distal sigmoid and 
rectal carcinomas who underwent ELT from January 1988 
through April 1990. The majority of patients were referred 
for palliation of advanced disease. Thirty-seven patients 
underwent 123 ELT sessions (median, 2.5; range, one to 18). 
In 84% of patients, patency was maintained during a median 
follow-up of 31.5 weeks (range, one to 123). Morbidity and 
mortality were 2.5% (3/123) and 5% (1/37), respectively. 
Sixty-two percent had radiotherapy, chemotherapy, and/or 
surgery concurrent with ELT. Endoscopic laser therapy can 
safely and effectively reestablish and maintain luminal pa- 
tency in patients with obstructing distal cancers. In addi- 
tion, ELT can enable the administration of preoperative ad- 
juvant radiotherapy and chemotherapy. 
(Arch Surg. 1991;126:1348-1352) 


bstruction of the bowel lumen complicates the treat- 
ment of patients with carcinoma of the distal 
sigmoid colon and rectum. The standard treatment for 
these patients has been the initial creation of a diverting 
colostomy followed by resection at a later date.’ This 
staged approach has elicited criticism for several reasons, 
including (1) high morbidity and mortality, (2) the need 
for an additional operation and its recovery period, (3) a 
delay in starting adjuvant therapy or receiving definitive 
treatment, and (4) increased expenses due to additional 
surgery and hospitalization.’ The disadvantages of the 
staged approach have heightened interest in alternative 
methods of palliation that obviate the need for a colos- 
tomy. 
An alternative that has been successfully used to ablate 
tumor and recanalize malignant obstructions in the tra- 
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cheobronchial tree and gastrointestinal tract is the endo- 
scopically directed neodymium (Nd):YAG laser.“ Endo- 
scopic laser therapy (ELT) has been primarily used for 
palliation in patients with unresectable advanced disease 
and for patients with medical contraindications to sur- 
gery. In this difficult group, endoscopic therapy has been 
85% to 100% successful, with low morbidity and mortal- 
ity. On the basis of this experience, ELT has also been 
successfully used in patients with impending or total ob- 
struction to facilitate mechanical bowel preparation before 
resection.”!* We were also interested in whether ELT 
could be effective long enough to allow administration of 
preoperative neoadjuvant chemotherapy and/or radio- 
therapy. 

For these reasons, we reviewed the ELT series at The 
University of Texas M. D. Anderson Cancer Center, 
Houston. We evaluated (1) our success in establishing lu- 
minal patency, (2) maintenance of luminal patency, (3) 
whether radiotherapy or chemotherapy could be success- 
fully administered simultaneously with ELT, and (4) 
whether resection of the obstructing tumor after ELT was 
possible. 


PATIENTS AND METHODS 


We reviewed the records of all 37 patients with adenocarci- 
noma of the distal sigmoid colon (13 to 20 cm from the anal verge) 
and of the rectum (0 to 12 cm from the anal verge) who under- 
went ELT at The University of Texas M. D. Anderson Cancer 
Center from January 1988 through April 1990. Patients were re- 
ferred for obstructive signs and symptoms, rectal bleeding from 
the tumor, and the combination of obstructive symptoms and 
bleeding. 

All patients underwent preliminary endoscopy, which 
showed a distal sigmoid or rectal cancer. The inability to pass an 
endoscope beyond the tumor was defined as a “high-grade” or 
90% or greater obstruction. The obstruction was defined as 
“low-grade” or less than 90% if an endoscope could be passed 
beyond the lesion. The ELT was performed for the following in- 
dications: (T) a high-grade or low-grade obstruction in patients 
who were not candidates for resection because of locally exten- 
sive or metastatic cancer, (2) an obstruction in patients who were 
not surgical candidates due to poor medical condition, and (3) a 
high-grade or low-grade obstruction in patients who required 
recanalization before treatment with additional forms of ther- 


apy. 
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JEANNE A. PETREK, MD, New York, NY: This is an interesting 
way to look at the question of margins, but since so many more 
of the patients in the conventional biopsy group ended up with 
mastectomies (75% basically vs 50% in the lumpectomy group), 
I was wondering if you could tell from this retrospective study 
if mastectomy was preselected by the surgeons (sort of) and by 
the patients. You have stated the tumors were the same size ba- 
sically in both the lumpectomy and conventional biopsy groups. 
Therefore, maybe the surgeons doing the conventional biopsy 
were not working as carefully to get clean margins. 

DR NGAI: The only thing we measured in terms of volume was 
the tumor size. What we tried to do in the lumpectomy group 
was to get approximately 1 cm of tissue surrounding the tumor 
itself. As you know, that sometimes is very hard to do because 
the tumor sometimes is not spherical. We do not have a volume 
per se for the two study groups. All of the margins that we pre- 
sented in the data were from the final pathology report. For the 
lumpectomy group, approximately 25% of the patients have a 
positive margin after we have checked closely for the margin. In 
that case, I think it depends on the surgeon’s training and his 
attitude towards breast-conserving surgery, as well as the 
patient's attitude. We would have to present to the patient that 
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there is acditional tumor in the breast and she would be offered 
either reexcision vs modified radical mastectomy many times. I 
think thatissue has to be dealt with with the patient, making her 
understand that these are the issues. Most of the time, we did 
modified radical mastectomy. 

We have not looked at anything in respect to the axilla itself. 
I really cannot give you any hard data in terms of dealing with 
the axilla itself. I do not have enough experience to really give 
you a de‘initive answer for that. You have raised a very good 
point. Since this is a retrospective study, we cannot tell what was 
the discussion between the surgeon and the patient prior to the 
surgery. _ agree with the point that you have made, that the sur- 
geon whe practices traditional excisional biopsy has a viewpoint 
of breast-conserving surgery that may be different from that of 
someone who practices it. Many times, yes, the decision may 
have been made prior to the excision. What we’re trying to say 
here is that if one were not careful initially in what they were 
doing, the margins may be positive and this may later limit 
our options in terms of which procedure can be performed. 
That is why we did not state in the conclusion that the 
subsequent procedures were reduced, and that it may reduce 
subsequent procedures. 
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ual tumor. Because these results are from reevaluations of 
excision sites before radiation therapy, it is unclear how 
this residual tumor translates to recurrence after radiation 
therapy. To date, no patient in our study has had a local 
recurrence; however, it is t00 soon to draw any conclu- 
sions since we have only recently begun follow-up. 
Our results show that the traditional biopsy method 
results in a high percentage of specimens with tumor ex- 
tending to, and presumably beyond, the margins of 
resection. The surgeon thus encounters the problem of 
having to perform a reexcision of the original biopsy site 
if the patient desires breast-conserving surgery. The need 
for an additional operation and the uncertainty of its re- 
sult may persuade bcth the patient and surgeon to reject 
breast-conserving surgery. If this surgery is contem- 
plated, we believe it is important to make the decision for 
lumpectomy before biopsy is performed. Those patients 
with positive fine-needle aspiration cytologic results or 
tumors with high clinical suspicion of cancer are appro- 
priate candidates. Our data support the use of lumpec- 
tomy as the initial biopsy procedure because it more con- 
sistently provides dear margins without increased 
morbidity compared with the traditional method. 
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Discussion 

WILLIAM Woop, MD, Atlanta, Ga: It was reassuring to see that 
with effort you were able to get clearer margins. Do you have any 
data as to the relative volume of the tissue removed in the two 
groups of patients? 

Dr SILVA, Danville, Pa: How often do you find that despite a 
large gross margin and clean microscopic margins at the time of 
lumpectomy, the final permanent pathology reading reveals 
microscopic margins? Should not those patients be excluded 
from conservative therapy (breast sparing)? 

W. B. PATTERSON, MD, Middlebury, Vt: It is very interesting 
that these first two papers are in sequence, because one is look- 
ing at the question of whether the surgical procedure in the ax- 
illa to remove lymph nodes was adequate by their standards, and 
the second one is looking at whether the excision of the primary 
was adequate. They represent very different biological ap- 
proaches, however, with one group believing that clearance of 
the local tumor is important to prevent local recurrence (which 
is the NSABP teaching), and the other reflecting the older con- 
cept that getting the last positive node is important. I wonder if 
the first speaker would comment on the importance of their ap- 
proach to the axilla as contrasted to the importance of the sec- 
ond speaker's approach. 
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Table 2.—Results in uimperiony and Traditional 
Biopsy Groups* 

No. (%) of Patients 

n 

Traditional 

Biopsy 

(n=47) 







Lumpectomy 
(n=44) 





Result 











Complications 







Hematoma 2 (5) 2 (5) 
Infection 1 (2) 0 
Infected hematoma 0 1 (2) 
None 41 (93) 44 (92) 






Subsequent treatmentt 









None 5 (11) 4 (8) 
Lumpectomy 2 (4) 3 (6) 
Simple mastectomy 0 1 (2) 
Lumpectomy with axillary 

dissection 2 (4) 4 (8) 
Axillary dissectiont 14 (31) 2 (4) 





22 (49) 34 (71) 


*The mean (+SEM) duration of surgery was 53 +3.0 minutes for 
the lumpectomy group and 37+2.7 minutes for the traditional bi- 
opsy group. P<.001 by Student's t test. 

tTwo subsequent procedures were performed in one patient in 
each group. 

+P<.05 by x? analysis. 

§P<.05 by x? analysis. 


Modified radical mastectomy§ 





quent underwent modified radical mastectomy (71% vs 
9%; P<.05). 

The microscopic margins of the resected specimens as 
determined from the final pathologic report are shown in 
Fig 2. Within the lumpectomy group, 11 (25%) of 44 pa- 
tients had positive margins, 32 (73%) had clear margins, 
and one (2%) had indeterminate margins. Within the tra- 
ditional biopsy group, 36 (77%) of 47 patients had positive 
margins (P<.001 compared with the lumpectomy group), 
eight patients (17%) had clear margins (P<.001 compared 
with lumpectomy), and three patients (6%) had indeter- 
minate margins. 

For the lumpectomy group, we found no correlation 
between tumor size and positive margins, nor did we find 
a correlation between different biopsy methods (ie, fine- 
wire localized vs traditional) and positive margins (data 
not shown). However, the extent of intraductal compo- 
nent was significantly associated with positive margins 
(P<.01) (Table 3). Eight (73%) of 11 patients with positive 
margins in this group had EIC. 


COMMENT 


The difference in the presence of tumor-involved mar- 
gins between the lumpectomy (25%) and traditional 
biopsy groups (77%) was highly significant (P<.001). We 
believe that this large difference was caused by more than 
technical reasons alone; the surgeons performing the tra- 
ditional biopsy procedure are probably less inclined to 
pursue breast-conserving surgery, although the majority 
of lesions undergoing biopsy fell within the size criterion. 
Consequently, less attention was paid to margin control 
during biopsy. Our subsequent treatment data (71% of 
patients who underwent a traditional biopsy subse- 
quently underwent modified radical mastectomy) sup- 
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W Lumpectomy 
Traditional 


% of Patients 





Positive Negative Indeterminate 
Fig 2.—Percentage of patients with positive, negative, or indeter- 
minate resection margins in the lumpectomy (n = 44) and traditional 


biopsy groups (n= 47). 


Table 3.—Margins of Lumpectomy Specimens as a 
Function of Intraductal Component 


No. (%) of Patients 
reo __——__—X«—«—SXX_ 
Positive Negative Indeterminate 


7 (100) 0 
21 (84) 1 (4) 
4 (33) 0 


| atraductal 
Component 


Absent (n =7) 0 
Present (n=25) 3 (12) 
8 (67) 








Extensive (n=12) 


port tis idea. Only nine patients (19%) from the tradi- 
tional biopsy group subsequently underwent breast- 
conserving surgery (ie, lumpectomy, lumpectomy with 
axillary dissection, or axillary dissection only). 

This retrospective analysis was performed on 44 and 47 
patien-s in the lumpectomy and traditional biopsy 
groups, respectively. Despite the relatively small sample 
sizes, the two populations were similar in all analyzed 
parameters, supporting the parity of the groups. The 
percertages of patients with EIC (25%) and positive 
lympr nodes (22%) are also similar to reports from other, 
larger studies.**! With the highly significant differences in 
our study, we do not believe a larger study population 
woulc dramatically alter our statistical results. 

The term adequate margins is not well defined. Whether 
this =rm applies to microscopically clear margins or 
grosshy clear margins is controversial. In breast- 
conserving surgery, there is an obvious compromise be- 
tween maximal tumor excision for local control vs minimal 
resection for optimal cosmetic appearance. It may be ar- 
guec that gross tumor must be excised before radiation 
therapy can be used because recurrence rates of 35% have 
been reported if less than an excisional biopsy is per- 
formed.'* On the other hand, ablative radiation therapy 
can control microscopic residual tumor.” How much 
tumcr can be “safely” left behind before using radiation 
ther=py is unknown. To further complicate the issue, 
Frazer et al* have pointed out that results from micro- 
scop cally assessed margins may be misleading. In their 
stucy, reexcision of segmental resection specimens that 
were previously microscopically clear revealed residual 
tumer in 29.8% of the patients, whereas 47.5% of those- 
patients who had initially involved margins had no resid- 
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National Surgical Adjuvant Breast Project (NSABP) work- 
shops,” which stressed margin control for complete tumor ex- 
cision and attentien to optimal cosmetic appearance. For this 
study, distinguishing lumpectomy from traditional biopsy in- 
cluded at least two of the following three criteria: (1) tissue 
marking for orientation; (2) intraoperative pathologic consulta- 
tion; and (3) excision for adcitional margins if necessary. After 
tumor excision, the specimen, in an unfixed state, was delivered 
promptly to the pathclogist by the surgeon while the assistant 
surgeon achieved hemostasis. The surface of the specimen was 
then inked. Serial cuts were made to assess the margins by both 
the pathologist anc the surgeon for macroscopically suspicious 
areas. If the tumor appeared to extend closely to any surface of 
the specimen, the surgeon obtained additional tissue slices and 
fixed them in separate formalin containers with anatomic label- 
ing before delivery. If the tumor was benign from the pathologic 
evaluation, no further specimen was obtained. 

All results for pathologic data analysis were taken from the fi- 
nal pathologic reports. Ambiguous results were clarified by two 
of us (G.J.R. and J.E.S.), whe reanalyzed sections of the initial 
specimen. Margins were also considered positive if malignant 
cells were identified within the separately submitted tissue slices 
taken from the area peripheral to the central biopsy specimen. 
Specimens with margins that were still equivocal after reevalu- 
ation were classified.as “indeterminate.” Intraductal component 
was designated as extensive when it occupied 25% or more of the 
area encompassed by the primary invasive neoplasm or by its 
presence away from the primary tumor. To achieve objectivity, 
the pathologists were nct informed of the identity of the patients’ 
study groups. 

Statistical analysis was carried out using either Student's t test 
or x’ analysis, with rejection of the null hypothesis at P<.05. 
Duration of surgery in the lumpectomy and traditional biopsy 
groups was compared using Student's t test. Complications and 
subsequent treatment in the two groups were compared using 
x’ analysis. The association of positive margin with intraductal 
component in the lumpectomy group was assessed using x? 
analysis. 


RESULTS 


Patient profiles fer the two study groups are shown in 
Table 1. The groups were similar, with no statistically 
significant differences (P>.05) between them with respect 
to age, clinical examination findings, mammographic 
findings, fine-needle aspiration findings, lymph node 
status, percentage ef patients with EIC, and types of bi- 
opsy performed (traditional vs needle localized). The 
sizes of the breast tumors in each study group, as deter- 
mined from the final pathologic report, are shown in Fig 
1. Again, there were no significant differences between 
the two groups; the mean (+SEM) size of the tumor in the 
lumpectomy group was 1.5+0.2 cm and in the traditional 
biopsy group, 1.3+0.1 cm. 

Table 2 compares the duration of surgery, complication 
rates, and subsequent treatment of the two study groups. 
Lumpectomy, including intraoperative pathologic con- 
sultation and often reexcision, required approximately 15 
minutes longer to perform. Most patients in both groups 
had no complications. No statistically significant differ- 
ences were found between the two groups in the inci- 
dence of infections and hematomas. Of the six subsequent 
treatments listed in Table 2, no significant differences be- 
tween the two groups were found between the number of 
patients who subsequently received no treatment, simple 
re-excision (lumpectomy), simple mastectomy, or 
lumpectomy with axillary dissection. These procedures, 
when grouped, made up approximately 20% of the total 
subsequent procedures. The lumpectomy group, how- 
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Table 1.—Patient Profile of Lumpectomy and- 
Traditional Biopsy Groups* 


No. (%) of Patients 





















Lumpectomy Traditional Biopsy 
(n= 44) (n= 47) 








Variable 








Clinical examination findings 


Positive 18 (41) 18 (38) 

Negative 25 (57) 29 (62) 

Indeterminate 1 (2) 0 
Mammographic findings 

Positive 33 (75) 38 (81) 

Negative 4 (9) 2 (4) 

Indeterminate 7 (16) 7 (15) 
Fine-needle aspiration findings 

Positive 5 (11) 3 (6) 

Negative 2 (5) 3 (6) 

Indeterminate/none 37 (84) 41 (87) 
Lymph node status 

Positive 9 (20) 11 (23) 

Negative 28 (64) 29 (62) 

Unknown 7 (16) 7 (15) 
Intraductal component 

Extensive 12 (27) 11 (23) 

Not extensive 32 (73) 36 (77) 
Type of biopsy 

Needle localized 25 (57) 31 (66) 








Excisional 19 (43) 16 (32) 





*The mean (+ SEM) age of patients in the lumpectomy group was 
57.7+1.8 years, and in the traditional biopsy group, 61.5+2.0 
years; the age range in the lumpectomy group was 30-79 years, and 
in the traditional biopsy group, 29-90 years. 


50 


40 i y Lumpectomy 
E Traditional 


30 


% of Patients 


20 





<1 <2 <3 <4 <5 


Diameter, cm 


Fig 1.— Percentage of patients in the lumpectomy (n= 44) and tra- 
ditional biopsy groups (n= 47) as a function of the diameter of the 
tumor. 


ever, had more patients who subsequently underwent 
axillary dissection only, without a second procedure per- 
formed on the breast (31% vs 4%; P<.05), whereas the 
traditional biopsy group had more patients who subse- 
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@ The change toward breast-conserving surgery for cancer 
has altered the role of the initial biopsy. We retrospectively 
analyzed two methods, traditional excisional biopsy 
(n=47) and lumpectomy (n= 44) to evaluate their useful- 
ness as the initial procedure for breast-conserving surgery. 
Lumpectomy required more time (mean+SEM, 53+3 min- 
utes) than traditional biopsy (37+ 2 minutes). Margins were 
verified by microscopic examination to be clear in 73% of 
the patients in the lumpectomy group and in only 17% of 
patients in the traditional biopsy group. Patients in the 
lumpectomy group subsequently underwent more axillary 
dissections than patients in the traditional biopsy group 
(31% vs 4%, respectively) and fewer modified radical mas- 
tectomies (49% vs 71%, respectively). A correlation be- 
tween extensive intraductal components and positive mar- 
gins was found in the lumpectomy group. These data suggest 
that as the initial biopsy method, lumpectomy more often 
provides adequate margins and may decrease the number of 
subsequent procedures on the breast for breast-conserving 
surgery. 
(Arch Surg. 1991;126:1343-1347) 


B reast-conserving surgery followed by ablative radia- 

tion therapy for stage I and II cancers provides local 
and regional control as well as overall survival rates com- 
parable with modified radical mastectomy. Multiple na- 
tional and international studies with short- and long-term 
follow-up, as well as the 1990 National Institutes of Health 
Consensus Conference on Breast Cancer, have supported 
this finding.’* Consequently, use of breast-conserving 
surgery has increased. Whereas earlier reports showed 
that only 5% to 15% of patients with primary breast ma- 
lignant neoplasms were treated conservatively,” Wol- 
berg et al” and Kinne” reported recently that 20% to 25% 
of all curative procedures performed on the breast at their 
institutions now consist of conservation surgery. 

The change in surgical management of breast cancer 
has affected the prevailing opinion on how the initial bi- 
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opsy for cancer should be performed." Traditionally, a 
biopsy is performed to determine possible malignancy in 
a breast abnormality. Mastectomy is performed within 1 
to 2 weexs if cancer is shown. The importance of tumor- 
free mains during the initial traditional biopsy has not 
been emphasized since there has been scant evidence 
supporting a greater chance of dissemination when the 
breast is removed relatively rapidly.° 

Wher traditional biopsy is used initially for diagnosis 
and faiE to provide adequate margins, reexcision may be 
necessary and is recommended to reduce the tumor load 
before sadiation therapy is begun if breast-conserving 
surgery is desired.’'* To avoid repetitive surgery and 
provide a better cosmetic appearance, it has been sug- 
gested that lumpectomy be used as the initial biopsy 
method.'*"* To our knowledge, no studies have shown 
the inacequacy (or adequacy) of margins in the traditional 
biopsy -n comparison with lumpectomy as the initial bi- 
opsy method. We have, therefore, retrospectively ana- 
lyzed the two initial biopsy techniques to determine the 
adequacy of margin control and the role of the techniques 
in determining subsequent surgical treatment. In addi- 
tion, smce breast tumors containing extensive intraductal 
component (EIC) tend to be multifocal and have high re- 
currence rates after breast-conserving surgery,” we 
have aiso analyzed the role of EIC in influencing margin 
contral and treatment plans. 


PATIENTS AND METHODS 


The medical records of female patients who had positive breast 
biopsy results for cancer between January 1, 1988, and April 30, 
1989, a the Kaiser Foundation Medical Center, Oakland, Calif, 
were reviewed retrospectively. Forty-four consecutive patients 
who underwent lumpectomy as the initial biopsy method and fit 
the ine-usion criteria listed below were studied. Lumpectomies 
were performed by resident surgeons under the primary super- 
vision of one staff surgeon. Forty-seven consecutive patients 
who kad biopsies performed using the traditional technique 
were =lso studied. The biopsies were performed by resident 
surgeans under the supervision of several staff surgeons. All 
procecures were performed on an outpatient basis in the oper- 
ating 00m using local anesthesia and intravenous sedation. Bi- 
opsies were performed on tumors too small for palpation using 
a fine-wire localization technique. Patients with tumors larger 
than = cm were excluded, since they were not candidates for 
breas=conserving surgery. All patients who underwent biopsies 
performed with incisional technique were excluded from the 
study 

Lumpectomies were performed using guidelines from the 
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radiation to the axillae. Consequently, could you separate the 
total dissection of axillary nodes from the radiation in the cau- 
sation of lymphedema of the arm? 

HAROLD J. WANEBO, MD, Providence, RI: All of us were 
taught, or learned the hard way about giving radiation to a fully 
dissected axilla. You could almost guarantee lymphedema, so 
you did either one or the other Was there interaction between 
the radiation therapist so that the axilla was spared? I think this 
is essential if one is going to de this kind of combined surgery. 
I noticed that only part of your patients with lumpectomy had 
radiation to the breast. There were 60 patients who were not ir- 
radiated, if I understand your data correctly. What was the clin- 
ical outcome in these patients, 2specially regarding local recur- 
rence? I would suggest that if one is going to dissect level III (and 
there is some question about th2 need for this if radiation is go- 
ing to be given), we usually put a clip at the top of our dissec- 
tion and forbid the radiation therapist to go to that level. I try to 
keep them out of the axilla if possible. 

DR SENOFSKY: In erms of prognosis, with the group with 
only microscopical nodes positive and no gross nodes posi- 
tive at all, there was a tendency toward more frequent recur- 
rence in those patients who had apical nodes involved. How- 
ever, this was not statistically significant. As regards gross 
nodes, there was no difference at all in the tendency toward 
recurrence. In terms of overlap of gross nodes and radiation 


therapy, there was a tendency for radiation therapists to 
radiate the patients who had gross nodes positive in the 
axilla. However, this was not a clinically significant overlap, 
and these two variables were not dependent on each other, 
especially as regards the development of arm edema. They 
were separate and independent variables. 

The axilla was radiated in a certain proportion of these 
patients, and in a certain proportion of these patients, it was not. 
We found out after the fact that in some patients who did have 
the breast radiated, there was an attempt by some of the radia- 
tion therapists to avoid the axilla, but clearly, some of the radi- 
ation therapists intended to radiate the axilla. This is the retro- 
spective review of this and the effects of it. All patients who 
receive segmental mastectomies at the University of Miami do 
not get radiation therapy. Radiation therapy is given on the ba- 
sis of the size of the lesion, the extent of clearance at segmental 
mastectomy, lymphatic involvement microscopically related to 
the primary, and the presence of preinvasive tumor surround- 
ing the invasive primary. 

We did not look at location of tumors in this study, but I think 
it would be a judgment call in each individual patient as to how 
close the primary was to the axilla, especially to the vein and the 
lymphatics, as to whether or not to radiate the patient postop- 
eratively. If it was not too close, radiation would be done on the 
basis of the four criteria I mentioned in the last question. 
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Discussion 


MATTHEW N. HARRIS, MD, New York, NY: I agree entirely 
with your conclusions. It has always intrigued me that surgeons 
who do axillary lymph node dissections can stop at the pecto- 
ralis minor muscle and not dissect the level III nodes. It seems 
to me that for a few moments of time, one gets a great deal of 
information. Total axillary dissection is not only proper, but fea- 
sible. There are patients who have carcinomas located high in the 
breast in the upper outer quadrant, the so-called tail of the 
breast, who have segmental mastectomy and axillary lymph 
node dissection. Some of these are so high they can be done in 
continuity. These are the patients most at risk for the develop- 
ment of lymphedema with radiation if radiation is going to be 
used. If there are no findings on follow-up mammography and 
a small primary in the tail of the breast, and an axillary dissec- 
tion in continuity with a segmental excision has been done, do 
you stil. radiate the breast, considering the possibility of getting 
lymphedema? 

GEORGE KLEINFELD, MD, Miami, Fla: In the original teachings 
of Cushman Haagensen, involvement of the apex of the axilla 
was an exceedingly grave prognostic sign. Were you able to de- 
termine the prognostic significance of metastasis to the apical 
nodes? Regarding one other feature of your data, those patients 
with metastatic axillae were probably most likely to also receive 
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ical mastectomy had a 1% axillary failure rate at 10 years.‘ 
Axillary recurrence was similarly infrequent in two Brit- 
ish studies?! and the Milan (Italy) trial. -7° 

Partial axillary lymphadenectomy may be reasonably 
reliable for staging.®!°!2"*!7 Whereas total number of 
nodes resected may not affect survival,” node sampling 
or partial lymphadenectomy are less accurate than TAL 
for prognostic purposes. Total axillary lymphadenectomy 
will remove all positive nodes and give the most precise 
estimate of prognosis.” 

If lymphadenectomy had been limited to levels I and II 
in this series, 2.6% would have been understaged as pN0O. 
In some series,!!"** the incidence of apical and/or Rotter’s 
metastases in the absence of lower axillary involvement 
(“skip” metastases) is 8% to 12%. Apical and/or Rotter’s 
metastases are found in 11% to 58% of pN+ patients. "127 
In this series, 29 (10.4%) of the 278 TAL specimens or 29 
(31.5%) of the 92 pN+ specimens had apical and/or Rot- 
ter’s disease, and in 10 specimens these were gross me- 
tastases. 

Rotter’s lymph nodes were involved in 14 (9.3%) of the 
151 TAL specimens in which at least one interpectoral 
lymph node was found. Rotter’s nodes were the only site 
of metastases in two cases and were grossly involved 
along with apical, but not level I or II, nodes in a third 
case. The incidence of Rotter’s metastases is low, + but 
resection of these lymph nodes is a simple procedure that 
adds only a few minutes to the operative time, and it has 
no apparent effect on morbidity. 

Because axillary failure is more likely when gross nodal 
disease is present,” some surgeons may choose to tai- 
lor the extent of lymphadenectomy to clinical or gross 
operative findings in the axilla. In this series, apical and/or 
Rotter’s metastases were more frequent (43.8% as com- 
pared with 6.1%) when gross disease was found in level 
I and II nodes. However, selective TAL based on clinical 
or gross operative findings would have left axillary tumor 
in 6% of the 246 cases, and in 25% of the 60 pN+ cases, 
in which there was no or only microscopic disease in level 
I and II nodes. 

Frozen shoulder syndrome is a rare but disabling com- 
plication that can be avoided by early exercise and, when 
necessary, physical therapy. None of the patients de- 
scribed here experienced this complication. 

Arm lymphedema develops in up to 2.8% of patients 
who undergo axillary sampling procedures,’ in 2.7% to 
9.4% of patients who are treated by partial (level I and II) 
axillary dissection,***° in 4.8% to 8% of those in whom 
TAL is performed,” and in 2% to 8.3% of patients who 
are treated by axillary XRT alone.****** Combined axillary 
surgery and XRT result in a threefold to sevenfold 
increase in incidence of arm lymphedema as compared 
with surgery alone.*!*?034 Dewar et al” reported that 
lymphedema, frozen shoulder syndrome, pectoral mus- 
cle fibrosis, and sensorimotor deficits (brachial plexopa- 
thy) were more frequent following either regional nodal 
XRT or combined surgery and XRT. Radiotherapy- 
induced brachial plexopathy has been reported by 
others.” Radiotherapy to the regional nodal areas does 
not confer any survival benefit.°°**? 

In this series, arm lymphedema developed in 9.4% of 
cases, and it was clinically significant (severity grades II, 
Ill, and IV) in 5.4%. Arm lymphedema occurred in 6% of 
nonirradiated patients, and it was clinically significant in 
3.7%, comparable with the reported incidence for either 
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partial or total axillary dissection. Patients who received 
XRT to the breast or breast and nodal regions had a 2.4- 
fold or fivefold higher incidence of lymphedema, respec- 
tively, than nonirradiated patients. Total axillary lym- 
phadenectomy is highly effective in controlling axillary 
disease; irradiation of the regional lymphatic areas fol- 
lowing this procedure is not necessary or beneficial, and 
it greatly increases the risk of upper-extremity lymphe- 
dema. 

Skeletonization of the axillary vein increases the risk of 
arm lymphedema”; dissection of the vein should there- 
fore be restricted to its inferior surface, as was done in the 
278 TAL procedures reported here. Surprisingly, studies 
of axillary lymphadenectomy in which the vein was not 
clearly identified throughout its course report a 0.6% to 
7.2% incidence of axillary vein thrombosis.””” This 
complication is almost never seen when the axillary con- 
tents are carefully dissected off the axillary vein. 

In conclusion, routine TAL in patients with breast 
cancer is highly effective in preventing axillary recur- 
rence. Complete resection of the axillary lymphatics 
ensures removal of apical and/or Rotter’s metastases 
that are present in a substantial minority of pN+ pa- 
tients, and it eliminates the staging error inherent in 
lesser axillary procedures. Total axillary lymphadenec- 
tomy involves little operative time or effort beyond that 
required for partial axillary lymphadenectomy. Finally, 
the morbidity of total axillary dissection is low, occur- 
ring with approximately the same frequency as that of 
level I and II lymphadenectomy. The risk of upper- 
extremity lymphedema can be minimized by strict 
avoidance of regional nodal XRT. 
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Estimated proportions of irradiated (dotted line) and nonirradiated 
(solid line) patients in this series who remained free of ipsilateral 
upper extremity lymphedema following total axillary ly mphadenec- 
tomy (Kaplan-Meier method). 


of XRT was significant; breast edema developed in only 
four (5.3%) of the 75 nonirradiated patients as compared 
with that in 12 (20.7%) of the 58 patients who received 
postoperative XRT (x7,4=5.909, P=.015). It was our im- 
pression that breast edema was more likely to develop in 
large-breasted women, but this was difficult to measure 
retrospectively. 


COMMENT 


The National Surgical Adjuvant Breast Project (NSABP) 
B-04 trial demonstrated that untreated subclinical axillary 
metastases do not invariably lead to regional recurrence. 
In this study, 38.6% of clinical node-negative patients 
who were randomized to radical mastectomy had histo- 
logically positive axillary nodes, but only 17.8% of clini- 
cal node-negative patients who were treated by total 
mastectomy only (with no axillary intervention) subse- 
quently developed clinical axillary disease.> Axillary re- 
currence had no effect on distant disease-free or overall 
survival, but was significantly less frequent in clinical 
node-positive patients who were treated by radical mas- 
tectomy as compared with the total mastectomy plus XRT 
treatment arm.”° The risk of axillary relapse in the NSABP 
B-04 trial and in a large Danish study’ was inversely 
related to the number of axillary nodes resected. Treat- 
ment failure, including axillary recurrence, was signifi- 
cantly higher when the excised axillary nodes were 
microscopically or grossly involved by tumor.” 

Axillary recurrence is a function of nodal status and 
treatment. Whereas occult or microscopic metastases may 
havea relatively small effect on survival, treatment failure 
is more frequent in pN+ patients irrespective of whether 
the axillary disease is microscopic or gross.” The risk of 
axillary recurrence following radical mastectomy is 3% to 
8% in histological node-negative patients, as compared 
with 19% to 27% in pN+ patients.” Observation only and 
axillary biopsy or sampling are clearly inferior to partial or 
total lymphadenectomy from the standpoint of axillary 
disease control”? and staging.>® While XRT may miti- 
gate the risk of axillary failure following sampling or par- 
tial lymphadenectomy, the addition of this modality to 
surgery increases morbidity.” 

Axillary relapse following TAL is rare. To date, no pa- 
tient in this series has failed in the axilla. The NSABP B-04 
clinical node-positive patients who underwent rad- 
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Tab 4.—Distribution of Microscopic and Gross 
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*pN+ indicates pathological node positive; TAL, total axillary 
lymphacenectomy; M, main axilla (levels | and II); ™, microme- 
tastases only; A, apical nodes (level 111); °, no metastases; R, Rot- 
ter’s ncdes; and £, gross metastases with or without microme- 
tastases. 

tpT3™0 and pT2N0 (61 cases) not shown. 
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Table 2.—Current Status of Patients* 


No Evadence Dead of Alive With 
of Disease Disease Disease 


n 






Stage 
0 (n=11) 


















7 (51.7 mo) 19 (DFS, 44.9 mo) 


| (n=113) 37 

Il (n= 139) m0 11 (47.2 mo) 18 (DFS, 25.5 mo) 
III (n=11) 3 2 (58.5 mo) 6 (DFS, 23.2 mo) 
IV (n=4) 4t (DFS, 5.1 mo) 





*Mean survival time is given in parentheses for patients dead of 
disease. DFS indicates mean disease-free survival for patients alive 
with disease. 

tTwo patients have had complete responses to chemotherapy, 
and currently, they have no measurable disease. 


nary metastases),.and these patients died of disseminated 
breast cancer at 21 and 55 months, respectively. 


Distribution of Axillary Metastases 


Data on number of lymph nodes examined and num- 

ber containing metastases are shown in Table 3. One or 
more lymph nodes were identified in 83.4% and 54.3% of 
apical and Rotters node specimens, respectively. The 
main axilla contained metastases in 87 TAL specimens 
(31.3% of the entire series and 94.5% of pN+ cases), the 
apical nodes in 24 (8.6% and 26.1%, respectively), and 
Rotter’s nodes in 14 (5.0% and 15.2%, respectively). 
- Noaxillary nodal metastases were found in 186 TAL spec- 
imens; nine of these cases had been considered clinically to 
be node positive on preoperative examination. Microme- 
tastases without gross disease were found in 58 cases (stage 
pN1a), gross but mot confluent disease in 29 cases (pN1b), 
and confluent disease in five cases (pN2). Distribution of 
gross and microscepic metastases in pN+ TAL specimens 
and for stage II and III disease is given in Table 4. 

Distribution of mezastases by status of the main axilla 
(levels I and II) also is shown in Table 4. Five patients with 
no metastases in the main axilla had disease in apical 
and/or Rotter’s nodes; in one patient, gross metastases 
were found in both apical and Rotter’s nodes. These five 
patients constituted 5.5% of the pN+ cases, or 2.6% of the 
191 cases in which there were no metastases in the main 
axilla. The latter percentage represents the absolute false- 
negative staging error if only level I and II nodes had been 
resected in this series. 

Ten (18.2%) of the 55 TAL specimens with only micro- 
scopic metastases in the main axilla had metastases in 
apical and Rotter’s nodes (gross metastases in one case). 
Therefore, of the 246 TAL specimens with either no or 
only microscopic disease in level I and II lymph nodes, 
6.1% had metastases in apical and/or Rotter’s nodes. Fif- 
teen of the 60 pN+ TAL specimens (25%) in this group 
had apical and/or Rotter’s metastases. 

Of 32 TAL specimens with gross metastases at levels I 
and II, 14 (43.8%) had apical/Rotter’s disease (gross me- 
tastases in eight). In summary, if only level I and II lym- 
phadenectomies had been performed in all patients, 
nodal metastases would have been left in 29 (10.4%) of 278 
axillae, or in 29 (31.5%) of the 92 pN+ axillae. 


Morbidity 
Twenty-four patients (8.6%) required aspiration of se- 


romas following removal of their drains. Wound infec- 
tions developed in six patients (2.2%) that required 
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Table 3.—Number of Axillary Lymph Nodes Identified 
and Examined and Found to Contain Metastatic Disease* 


Mean+SD Median Range 


No. of Lymph Nodes Identified and Examined 

20.2+7.4 20 4-45 
4.2+3.6 4 0-16 

Rotter’s nodes 1.3+1.8 

Total TAL nodes 25.7 +8.2 25 


No. of Nodal Metastases in pN + TAL Specimens 
Main axilla (n = 87) 4.8+5.3 2 1-27 
Apical nodes (n= 24) 3.1+2.4 25 1-9 
1.9+1.4 tS 1-6 
5.6+6.6 3 1-37 


*TAL indicates total axillary lymphadenectomy; pN + , patholog- 
ical node positive. 





Main axilla (levels | and ll) 
Apical nodes (level III) 









Rotter’s nodes (n=14) 
pN+ TAL specimens (n= 92) 


drainage and antibiotics. Injury to the long thoracic nerve 
occurred in one patient who had had suppurative axillary 
lymphadenitis in her youth, leaving the nerve enveloped 
in scar tissue that was indistinguishable from tumor. Fro- 
zen shoulder syndrome and axillary vein thrombophlebi- 
tis did not occur in any of our patients. 

Postoperative ipsilateral upper extremity lymphedema 
developed in 26 patients (9.4% of the 278 cases), present- 
ing at a median time of 4.4 months postoperatively. There 
was no association between total number of axillary nodes 
removed and incidence of arm lymphedema. The inci- 
dence by Kaplan-Meier analysis of arm lymphedema for 
nonirradiated and irradiated patients is shown in the Fig- 
ure. Of the 217 cases in which XRT was not given, arm 
lymphedema developed in 13 (6%) and was clinically sig- 
nificant (grades II and II) in eight (3.7%). Five (14.7%) of 
the 34 patients who were treated with XRT to the breast 
only and eight (29.6%) of the 27 who received XRT to the 
breast and axillary/supraclavicular regions experienced 
arm lymphedema; irradiated patients had a significantly 
higher incidence of arm lymphedema (x*i=11.44, 
P<.001). On examining the influence of XRT fields on arm 
lymphedema, only XRT to the breast plus nodal regions 
was statistically significant (Fisher's Exact Test, P = .006). 

Of the 26 patients in whom arm edema developed, 
seven had gross and three had microscopic axillary 
metastases. The incidence of arm lymphedema was 
significantly higher in patients with gross axillary me- 
tastases than in those with no or only micrometastatic 
disease (Fisher's Exact Test, P=.025). A greater propor- 
tion of patients with gross axillary metastases (35.3%) 
were treated with XRT than those with no or only micro- 
scopic nodal disease (19.2% and 22.4%, respectively), but 
this association did not reach statistical significance 
(X= 4.805, P= .09). 

Arm lymphedema was grade I in severity in 11 cases, 
grade II in 10, grade III in three, and grade IV in two. The 
incidence of clinically significant (grades II, Ill, and IV) 
lymphedema was 5.4% overall. Lymphedema severity 
did not appear to be affected by XRT or nodal stage, al- 
though numbers were too small for statistical analysis. 

Persistent breast edema developed in 16 of the 133 pa- 
tients who underwent segmental mastectomy plus TAL. 
Development of breast edema was not affected by the 
number of nodes in TAL specimens. However, the effect 
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Table 1.—Pathological Characteristics of 
278 Breast Cancers* 


No. of 
Breast Cancers 









Characteristics 







Tumor histology 









Infiltrating ductal 244 
Infiltrating lobular 13 
Infiltrating ductal/lobular 10 
Ductal carcinoma in situ 5 
Lobular carcinoma in situ 2 
Ductal and lobular carcinoma in situ 4 






Pathological tumor stage 
0 









pTisNO 11 
| 
pT1No 113 
I 
pT2N0 57 
pT3NO0 4 
pIXNia 1 
pT1N1a 31 
pT2N1a 19 
pT1N1b 10 
pT2N1b 







pT3N1a 






pT1NOM1 











pT2N1aM1 
pT3N2M1 1 
ER and PR statust 

ER+, PR+ 108 
ER+, PR- 50 
ER—, PR+ 9 
ER—, PR- 96 
Not available 15 





“With regard to the primary tumor, the following characteristics 
were found: mean(+SD) size, 2.3+1.5 cm (median, 2 cm; range, 
T0 to 10 cm); invasion—intramammary lymphatic vessels, 25 tumors 
(9%); intramammary blood vessels, nine tumors (3.2%); and intra- 
mammary perineural lymphatic vessels, three tumors (1.1%). 

TER indicates estrogen receptor; PR, progesterone receptor. 


these nodes were clinically negative in the remainder. Of the 278 
operative procedures, 133 consisted of segmental mastectomy 
plus TAL, and 145 consisted of total mastectomy plus TAL. Ad- 
juvant XRT was administered postoperatively in 61 cases (58 
segmental mastectomies and three total mastectomies). Patho- 
logical data pertaining to these 278 breast cancers and operative 
specimens are given in Table 1. 


TAL 


All TAL procedures were performed immediately after the 
breast surgery. The axillary vein was identified, and its inferior 
surface was dissected cleanly throughout the axilla. The lymph 
nodes were resected in three specimens, which were sent sep- 
arately for pathological examination. The axi contents infe- 
rior to the axillary vein, behind and lateral to the pectoralis mi- 
nor, and medial to the lateral edge of the latissimus dorsi were 
resected en bloc, often preserving one or more intercostobrachial 
nerves; the long thoracic nerve was identified and preserved (as 
was the thoracodorsal nerve, unless obviously involved by 
tumor). This specimen, encompassing level I and II lymph 
nodes, was submitted as the “main axilla.” 

The axillary contents inferior to the axillary vein, medial to the 
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pectoralis minor, and lateral to Halsted’s ligament (clavipectoral 
fascia anc subclavius muscle) were then resected and submitted 
as the “apical nodes” (level III). For access to the apical nodes, 
the pectoralis minor muscle was retracted in 262 procedures, di- 
vided at i-s coracoid insertion in 10, and resected in six. Rotter’s 
(interpectoral) nodes were then removed by retracting the pec- 
toralis major medially and stripping the interpectoral fat pad 
from the medial pectoral neurovascular bundle. A single 10-mm 
closed-suction silicone elastomer (Silastic) drain was placed and 
left until drainage fell below 30 mL/24 h. Shoulder mobilization 
was started on the second postoperative day. 

Note was made at surgery of gross findings suggestive of 
nodal metastases. Postoperatively, TAL specimens were 
grossly examined and dissected, and one section from each 
node was examined microscopically. The TAL specimen stag- 
ing was updated with the use of the American Joint Commit- 
tee on Cancer/Union Internationale Contre le Cancer pINM 
staging system. Gross nodal metastases were deemed to be 
present f microscopic examination confirmed suggestive 
gross fincings. For purposes of this study, lymph node spec- 
imens thet were not grossly suggestive of metastatic involve- 
ment, bu- in which one or more lymph nodes were involved 
by tumor on histological examination, were considered to be 
microscepically positive. 


Postoperative Adjuvant XRT 


Adjuvant XRT (cobalt 60 or 4- to 6-MeV linear accelerator) was 
given in 6l cases at eight South Florida hospitals, including Uni- 
versity of Miami/Jackson Memorial Medical Center, starting 4 to 
6 weeks after surgery. Radiotherapy was administered to the 
breast or chest wall through medial and lateral tangential ports 
in 1.8- te 2-Gy fractions to a total dose of 46 to 50 Gy. In 36 pa- 
tients, an external-beam or iridium 192 boost was administered 
to the prmary tumor site (5 to 20 Gy). Megavoltage XRT (46 to 
50 Gy) wes also administered to the axillary and/or supraclavic- 
ular regions in 27 patients who were treated outside this insti- 
tution, wsthout consulting the operating surgeon. 


Morbidity of TAL 


Complications were recorded in the patients’ medical records. 
The severity of ipsilateral upper-extremity lymphedema was 
graded as follows. Minimal to mild lymphedema, requiring no 
intervention or only elevation on one or two pillows at night, was 
considered grade I. Grade II lymphedema required an external 
compressaon stocking for satisfactory control. Lymphedema that 
required the use of a lymphedema pump and stocking for con- 
trol was categorized as grade III. Poorly controlled lymphedema 
or lymphedema complicated by recurrent lymphangitis was 
classified as grade IV. In essence, grade I lymphedema was of 
little clinical importance, whereas the higher grades were of in- 
creasing significance to affected patients. 


Analysis 
Data were obtained from medical records and updated by di- 
rect contact with patients. This information was entered into a 
computemzed database and analyzed with the use of the SAS 
(Statistical Analysis System) program (SAS Institute Inc, Cary, 
NC), Statistical tests used included Kaplan-Meier analysis, the x? 
test of homogeneity, and Fisher’s Exact Test. 


RESULTS 


Patients have been followed up for 50.0 months on av- 
erage (m=dian, 41 months; range, 4 to 180 months); 75% 
have bee followed up for at least 20 months. The current 
status of these patients is given in Table 2. 


Regional Disease Recurrence 


To dat2, there have been no axillary recurrences. Su- 
praclavicular metastases developed in two patients 8 and 
15 months after surgery (one with concomitant pulmo- 
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Paper 


Total Axillary Lymphadenectomy in the 
Management of Breast Cancer 


Gregory M. Senofsky, MD; Frederick L. Moffat, Jr, MD, FRCSC; Kevin Davis; Mohammed M. Masri, MD; 
Kimberley C. Clark, MD; David S. Robinson, MD; Braulio Sabates; Alfred S. Ketcham, MD 


è The optimal extent of axillary dissection in patients with 
breast cancer remains unclear. We report 278 total axillary 
lymphadenectomies (levels I, II, and III and Rotter’s [inter- 
pectoral] nodes) that were performed in 264 closely fol- 
lowed up private patients. There have been no axillary re- 
currences to date (mean follow-up, 50 months). If only level 
| and II nodes had been removed, the false-negative staging 
error would have been only 2.6%. However, 29 (31.5%) of 
92 pathological nede-positive axillae contained apical 
and/or Rotter’s metastases. The incidence of complications 
was comparable with that reported for partial lym- 
phadenectomy. Arm lymphedema developed in 6% of 
nonirradiated patients; postoperative radiotherapy and 
gross nodal disease were significant risk factors for lymphe- 
dema. Total axillary lymphadenectomy largely prevents ax- 
illary recurrence, eliminates the small staging error inher- 
ent in partial lymphadenectomy, and has acceptable 
morbidity, provided radiotherapy to the regional nodal ar- 
eas is avoided. 
(Arch Surg. 1991;126:1336-1342) 


Oren management of the axilla is but one of many 
ongoing controversies surrounding locoregional 
therapy for adenocarcinoma of the breast. Axillary lymph 
node status is the single most important prognostic vari- 
able in patients with early breast cancer and is an impor- 
tant determinant of which patients should receive adju- 
vant systemic therapy. However, management of the 
axilla is currently far from uniform and includes axillary 
node biopsy or sampling,’’ partial or lower axillary 
dissection,*’ total axillary lymphadenectomy (TAL), 
and radiotherapy (XRT) to the regional lymph nodes 
alone or in combination with a surgical staging 
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procedure.*!** At issue are the clinical importance of ax- 
illary disease control, the effectiveness of various treat- 
ments in preventing axillary recurrence, the accuracy of 
exillary staging, and the morbidity of axillary surgery with 
or without XRT. 

Recently, there has been much interest in limited axil- 
lary node dissection for breast cancer. This enthusiasm is 
based on findings from reports that these operations af- 
ford acceptable regional disease control (particularly 
when combined with adjuvant XRT),**”™ are satisfactory 
for staging purposes,’ and have a lower complication rate 
than TAL.’ Proponents of limited surgery contend that 
the morbidity of routine TAL, particularly the incidence 
of arm lymphedema, is excessive. 

Total axillary lymphadenectomy has been routinely 
performed for breast cancer at this institution since 1974. 
This procedure encompasses resection of the axillary 
lymphatics in Berg’s levels I and II,"® the apical (level III) 
axillary nodes, and Rotter’s (interpectoral) nodes. As 
combined axillary surgery and XRT may result in a high 
incidence of arm lymphedema,*’?”’” irradiation of the 
regional lymphatics has been avoided, whenever possi- 
ble. However, despite this preference, a number of 
patients have received XRT to the axillary/supraclavicular 
regions, in addition to the breast or chest wall, at other 
institutions in South Florida. 

We reviewed a consecutive series of closely followed up 
private patients with breast cancer who underwent TAL 
plus segmental or total mastectomy. The aims of this 
study were to assess the efficacy of TAL for regional dis- 
ease control, the distribution of gross and microscopic 
metastases in pathological node-positive (pN+) axillary 
specimens, and the morbidity of TAL. 


PATIENTS AND METHODS 
Patients 


Two hundred sixty-four private patients with breast cancer 
who were operated on at the University of Miami/Jackson Me- 
morial Medical Center, Miami, Fla, between 1975 and 1990 by 
two surgical oncologists were reviewed. Fourteen patients had 
synchronous or metachronous bilateral breast cancer, providing 
278 TAL specimens for study. The mean (+SD) age was 
59.4+12.6 years (median age, 61 years; age range, 28 to 87 years). 
Forty-six patients were premenopausal, and 218 were postmeno- 
pausal. In 27 cases (10%), the axillary lymph nodes were palpa- 
ble preoperatively and considered to be clinically involved, and 
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EDITORIAL 


The Demise of General Surgery: Déja Vu 


7 anticipated demise of general 
surgery is again premature and 
unwarranted. Rising from the ashes 
that many have predicted, general 
surgery has been resurrected despite 
these false prophets. The “abomina- 
ble surgeons” live on! Laparoscopic 
cholecystectomy, a consumer-driven 
procedure, has engulfed our profes- 
sion and challenged our creativity 
while increasing the visibility and vi- 
ability of general surgery. Surgeons 
traditionally operating in two dimen- 
sions have found improved agility 
and opportunities in three dimen- 
sions. Surgeons now await improved 
technology to safely carry out this ex- 
plosion of new ideas. Success with 
this single procedure has opened up 
a dynamic, rapidly evolving era for 
general surgery. In addition to biliary 
tractsurgery, ourcolleagues through- 
out the world are performing proxi- 
mal gastric vagotomy, herniorrha- 
phy, Nissen fundoplication, appen- 
dectomy, Heller myotomy, and 
bowel resection. Many predict this to 
be a delightful beginning. For the se- 
nior (mature) members of our profes- 
sion, this may sound like “Star 
Wars,” but it has the aura of perma- 
nency. A decade of poor professional 
recognition and diminished pride in 
general surgery has been reversed. 





See also p 1333. 





The appointment of George Block, 
MD, Professor of Surgery at the Uni- 
versity of Chicago and a respected fel- 
low of the American College of Sur- 
geons, as Chairman of the Advisory 
Council for Surgery on Graduate 
Medical Education of the College is a 
seminal signal of its concern for gen- 
eral surgery. Under his leadership, the 
Advisory Council can be expected to 
avoid canardian activities and senten- 
tious posturing. The decision to focus 
their spring meetings on general sur- 
gery is an encouraging sign. These ac- 
tivities will begin to answer the ques- 
tion posed so often today, “Who 
speaks for general surgery?” Despite 
the falling percentage of College mem- 
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bership emanating from the general 
surgery ranks (43%), we must be sen- 
sitive to the College’s responsibilities 
to other constituents. General sur- 
geons remain the largest sing group 
of fellows within the College. 

The 1989 report from the American 
Medical Association’s Council on 
Long Range Planning and Develop- 
ment noted that, while a 6% increase 
in the number of general surgeons is 
anticipated by the year 2000, = 16% to 
19% increase in the projected use of 
general surgical services is predicted.! 
The number of employment opportu- 
nities available to chief residents in 
general surgery has dramatically in- 
creased during the last decade. Gen- 
eral surgeons are hardworking profes- 
sionals who spend more time in the 
hospital than their colleagues. With its 
32100 constituents, general surgery 
remains the largest of the surgical spe- 
cialties. General surgeons continue to 
be uniquely equipped to o-fer seri- 
ously ill patients a multisystem preop- 
erative evaluation, mature imraopera- 
tive judgment, and a profound 
sensitivity to and management of 
postoperative complications and 
follow-up care. General surgery is not 
a specialty of exclusion. The long list 
of research contributions originating 
from surgical research labora*>ries and 
their clinical services is legendary. The 
very bone and marrow of our exist- 
ence has been and will continue to be 
well-performed clinical and basic sci- 
ence research. The clinical practices of 
today are driven by the research of 
yesterday. Tomorrow will be no dif- 
ferent. The secrets of nature continue 
to keep hidden many basic cts. Our 
continuing commitment to fundamen- 
tal research will not, with amy degree 
of certainty, give us assurance of our 
continued viability as a profession. 

Introduction to the discipline of sur- 
gery by general surgery in cur educa- 
tional system continues to be an im- 
portant experience for the vast 
majority of surgical subspecialties. 
Former College regent James Snow, 
from the University of Pemnsylvania, 
has summarized the impertance of 
general surgery clearly: “The discipline 


of general surgery remains the unify- 
ing force in surgical practice, educa- 
tion, and research, upon which all of 
the specialties in surgery depend.”” 

The Block Committee provides a 
forum for discussion of the many 
policy issues involving general sur- 
geons in the United States. Follow- 
ing the lead of the American Board 
of Surgery more than a decade 
ago, the Advisory Council for Sur- 
gery has been expanded to include 
the practicing general surgeon. The 
trinity of the American Board of 
Surgery, the Residency Review 
Committee in Surgery, and the 
American College of Surgeons has 
served as the quality control arm of 
surgical education. Their monitoring- 
accreditation-certification responsi- 
bilities have served us well in past 
years. The ability to recognize glo- 
bal trends affecting general surgery 
will require an expanded role for 
these organizations if they are to 
effectively speak for general sur- 
gery. 

General surgeons must become 
more involved in local and regional 
organizations, particularly at the 
policy-making, credentialing, and 
quality assurance levels of their own 
hospitals. Our radical nonparticipation 
in prior years was fatuous and a con- 
dign penalty for our profession. We 
cannot and should not depend on the 
“trinity” to resolve local concerns. This 
vigilance on the home front will re- 
quire a posture more proactive than 
reactive. Our concerns must extend 
beyond economic issues. Sensitive 
problems involving geographic apart- 
heid credentialing need local resolu- 
tion. These transitional times offer sig- 
nificant opportunities for an expanded 
role for general surgery. 

CLAUDE H. ORGAN, JR, MD 
Oakland, Calif 
Editor 
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had a wide-ranging discussion con- 
cerning general surgery and identified 
most of the speciaity’s problems, from 
its image, to training, to the domain of 
general surgery. in addition to prob- 
lem identification, the Advisory Coun- 
cil took two important actions: it for- 
mulated a statement defining the spe- 
cialty of general surgery and its domain 
and recommended that the designa- 
tion of the Advisory Council be offi- 
cially changed from the Advisory 
Couneil for General Surgery to the Ad- 
visory Council for Surgery. While the 
title change may appear to be merely 
cosmetic, it was designed to ensure 
that the specialty and the specialists 
were identified inconformity with the 
title of their specialty board and to de- 
emphasize the concept of the general- 
ist. This title change was affirmed by 
the regents of the College and the state- 
ment of definitionappeared in the Bul- 
letin of the American College of Surgeons, 
assuring its wide dissemination and 
indicating its endorsement by the 
regents. 

Since then, the College, through 
its Advisory Council, has been active 
on several fronts in remedying the 
problems that beset general sur- 
geons. The spring meeting of the 
College has been designated as a 
meeting of and for general surgeons. 
Even its title reflects this change: The 
Spring Meeting of the American Col- 
lege of Surgeons for the Practicing 
General Surgeon. The 1991 spring 
meeting, held in New York, NY, was 
well attended in an era of declining 
attendance and was an acclaimed 
success. The formal program was 
designed for general surgeons and 
preceded by a forum in which the 
problems of training for surgery 
were exhaustively discussed. The 
1992 spring meeting will be in Or- 
lando, Fla. The scientific program 
will exclusively address general sur- 
gery, and the forum, scheduled for 
March 22, is open to all attendees and 
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COMMENTARY 


will feature presentations by repre- 
sentatives of the College, the Amer- 
ican Board of Surgery, and the Resi- 
dency Review Committee for 
Surgery, as well as other prominent 
figures in surgery in the United 
States and Canada. Representatives 
from all major general surgical orga- 
nizations have been specifically in- 
vited to participate in this forum. It is 
hoped that this arena will become a 
“town hall” for general surgeons in 
which their problems and queries 
can be aired directly to the members 
of the Advisory Council. 

The Advisory Council has been 
expanded to include representatives 
of the practicing general surgeon. In 
addition, the chairman of the Advi- 
sory Council will present an annual 
report of the Council’s activities to 
the governors of the College. In this 
way, it is hoped that a channel of 
communication can be established 
between the practicing general sur- 
geon and the College through its 
Advisory Council. 

The College well represented gen- 
eral surgeons before Congress, the 
Health Care Finance Administration 
(HCFA), and the Physicians Payment 
Review Commission (PPRC) during 
the recent deliberations concerning 
Medicare and the resource-based rel- 
ative value scale. The College re- 
viewed every operative procedure 
within the realm of general surgery 
and advised the HCFA and the PPRC 
in great detail of the relative value of 
each procedure as well as associated 
concerns, such as the appropriate 
number of preoperative and postop- 
erative visits, requirements for stays 
in intensive care units, and the use of 
assistants at surgery. The College 
also communicated in detail to the 
HCFA its concerns and noted defi- 
ciencies in administrative proposals 
that would affect the ability of general 
surgeons to care for their patients. 

The College, through its Advisory 


Council, has appointed a committee, 
chaired by Isidore Cohn, MD, to re- 
view and revise the entire current 
procedural terminology code for 
general surgery. The current code for 
general surgery is antiquated and in- 
adequate. If reimbursement and ac- 
cess to care are to be determined us- 
ing the code, the code must be 
revised and modernized. This is an 
awesome task, but significant 
progress has already been made by 
Dr Cohn’s committee. 

Considering these actions, it is ob- 
vious that the College, through its 
Advisory Council, has become the de 
facto spokesman for general sur- 
gery. The College has recognized the 
need and has accepted the responsi- 
bility. However, this new role for the 
College is still a well-kept secret. The 
average practicing surgeon may be 
unaware of the advocacy role for 
surgery assumed by the College. An 
information and education program 
by the College is necessary if all gen- 
eral surgeons are to look to the Col- 
lege as their spokesman. A staffing 
mechanism must be established so 
that the general surgeon can articu- 
late his or her concerns, problems, or 
queries to the College and receive an 
immediate response. Obviously, 
there is much to be done, but the 
College has made its decision, and its 
initial efforts have been met with ac- 
ceptance and success. The problems 
of general surgery are many, but 
they have been identified and are 
being actively addressed. The gen- 
eral surgeon at long last has a spokes- 
man and a protagonist. It is the Ad- 
visory Council for Surgery of the 
American College of Surgeons—a 
bully pulpit ready, willing, and able 
to be used for and by the general 
surgeon. How effectively this pulpit 
is used may well determine the fu- 
ture of general surgery. 

GEORGE E. BLOCK, MD 
Chicago, Ill 
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Who Speaks For General Surgery? 


T he general surgeon is becoming 

an endangered species. That is 
the unhappy conclusion voiced by 
the community of general surgeons 
and substantiated by studies that 
predict a shortage of general sur- 
geons by the next decade. The gen- 
eral surgeon is pessimistic, frus- 
trated, and rightly angered by the 
problems, real and perceived, that 
beset the specialty. 


See also p 1335. 


The list of grievances is long and 
includes inequities ranging from the 
regard for the specialty, to training 
inadequacies, to the seemingly ever 
decreasing role of the general sur- 
geon in practice. To the lay public, 
the general surgeon is often consid- 
ered a nonspecialist, the surgical 
equivalent of a general practitioner. 
The identification as “just a general 
surgeon” is appropriately galling. 
Further evidence of the decline of the 
specialty is that most residents, on 
completion of their chief residency, 
elect further training in subspecial- 
ties and leave the field of general 
surgery. Whether this unhappy 
trend is a result of socioeconomic 
factors recognized by the chief resi- 
dents or because of clinical insecurity 
due to inadequate training may be 
debated. However, one fact is clear: 
the chief residents have voted with 
their feet. 

The once dominant role of the 
general surgeon in the management 
of cancer and the treatment of criti- 
cally ill and injured patients is also 
threatened. Gynecologists, often 
without appropriate training, now 
operate upon the breast, extending 
their domain on the basis of gender. 
Otologists remove thyroid and par- 
athyroid glands because they are in 
the neck. Traumatologists and criti- 
cal care “specialists,” surgeons and 
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nonsurgeons alike, demand exclu- 
sivity in the treatment of the injured 
and severely ill. The list is endless. 
To make matters worse, the general 
surgeon feels betrayed by his spe- 
cialty board. To the injury of the ear- 
lier creation of new specialty boards 
whose province infringed om areas 
traditionally within the realm bf gen- 
eral surgery has been added the 
insult of proliferating certificates of 
special competence and training in 
such areas as vascular, critical care, 
and pediatric surgery. Advocates of 
more special certificates, represent- 
ing nearly every subdivision of sur- 
gery, abound. While the conzept of 
certification of special competence 
and training was conceived <or the 
lofty goal of recognizing expertise, 
the process often has deteriomted to 
that of exclusive franchising at the 
level of the community hosptal that 
insures a monopoly for the holders of 
the certificates and exclusion of the 
general surgeon merely certified by 
the American Board of Surgery. Be- 
set by these woes, the agony of the 
general surgeon was compcunded 
by the absence of a spokesman, a 
platform, a lobbyist, or even an om- 
budsman. There was no Academy of 
General Surgery or like organization 
to articulate the problems of the gen- 
eral surgeon and to seek redress. 
Organizations such as the American 
Surgical Association, the regional 
surgical societies (eg, the Central, 
Western, and Southern Surgical As- 
sociations), and the specialty societ- 
ies (eg, the Society for Surgery of the 
Alimentary Tract and the Soeiety of 
Surgical Oncology) have a limited 
membership and are often viewed as 
elitist and unrepresentative of the 
practicing general surgeon. 

The only common denominator 
for the practicing general surgeon 
appeared to be the American College 
of Surgeons, but the College seem- 
ingly took little or no action te recog- 


nize the plight of the general surgeon 
or to improve the general surgeon’s 
lot. This despite the fact that general 
surgeons comprise the largest single 
group within the College and are by 
far the majority participants in Col- 
lege functions. Worse, the College 
was viewed by many general sur- 
geons as being controlled by special- 
ists who had little interest in or sym- 
pathy for the deteriorating status of 
the general surgeon. These percep- 
tions were inaccurate, but pervasive. 

A turning point in this unhappy 
vignette occurred in January 1989, 
when the College convened a special 
meeting of the Advisory Council for 
General Surgery specifically to iden- 
tify and address the problems of 
general surgery. The Advisory 
Council was composed of represen- 
tatives from each of the regional sur- 
gical societies, the American Surgical 
Association, the American Board of 
Surgery, and the Society of Univer- 
sity Surgeons. Until then, the Advi- 
sory Council met only biannually 
and its duties were limited: it formu- 
lated the general surgical program 
for the clinical congress and the 
spring meeting and nominated pan- 
els from which members would be 
selected for the American Board of 
Surgery, the Residency Review 
Committee, and the regents of the 
College. All of this changed at the 
January 1989 meeting, and since then 
the Advisory Council has been an 
advocacy and action group for gen- 
eral surgery within the College. 

The mere convening of this meeting 
gave the lie to the concept that the Col- 
lege was either disinterested or inac- 
tive regarding general surgery. The di- 
rector and the regents of the College 
were acutely aware of the problems be- 
setting general surgery and now chose 
the Advisory Council as the mecha- 
nism or platform for reform. 

At the January 1989 meeting, 
members of the Advisory Council 
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Prospective Evaluation of the Use of Antigen-Specific 
Immune Complexes in Predicting the Development 

of Recurrent Melanoma 

Jan H. Wong, MD; Shi Hong Xu, MS; Kristin A. Skinner, MD; 
Leland J. Foshag, MD; Donald L. Morton, MD, Los Angeles, Calif 


è The absence of antigen-specific immune complexes in postoperative serum samples is 
predictive of a disease-free status. 
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in Patients With Melanoma 

Richard Heller, PhD; Jeanne Becker, PhD; Joseph Wasselle, MD; 

Paul Baekey, MD; Wayne Cruse, MD; Karen Wells, MD; 

Charles Cox, MD; Bonnie King; Douglas S. Reintgen, MD, Tampa, Fla 

è Culture of lymph nodes is a sensitive method for the detection of micrometastases; this 
procedure may change prognosis and identify candidates for adjuvant therapies. 
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The Prognostic Implications of Microscopic Satellites in 1461 
Patients With Clinical Stage | Melanoma 

Pablo León, MD; John M. Daly, MD; Marie Synnestvedt, MS; 

Delray J. Schultz, MA; David E. Elder, MB, ChB, FRCPA; 

Wallace H. Clark, Jr, MD, Philadelphia, Pa 


è The presence of microscopic satellites correlates with a significantly decreased survival. 
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Resection of Gastric Carcinoma 
James W. Smith, MD; Man H. Shiu, MD; Lori Kelsey; 
Murray F. Brennan, MD, New York, NY 


è Radical lymphadenectomy can be performed safely for gastric carcinoma and should 
not be avoided based on the fear of complications. 
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~ARCHIVES 


Vascular Soft-Tissue Sarcomas: An Analysis of 


Tumor-Related Mortality 

Martin S. Karpeh, Jr, MD; Christopher Caldwell, MD; 
Jeffrey J. Gaynor, PhD; Steven I. Hajdu, MD; 

Murray F. Brennan, MD, New York, NY 


è The survival of these patients depends on a complete surgical resection and is 
independent of individual tumor histology. 


Extremity Epithelioid Sarcoma: Amputation vs Local Resection 
Pat W. Whitworth, MD; Raphael E. Pollock, MD, PhD; 

Paul F. Mansfield, MD; Jean Couture, MD; 

Marvin M. Romsdahl, MD, PhD, Houston, Tex 


è Favorable outcome following local resections for localized disease indicates that WLE 
with negative pathologic margins is preferable to radical amputation. 


Pediatric Nonrhabdomyosarcomas of the Extremities: 
Influence of Size, Invasiveness, and Grade on Outcome 
Bhaskar N. Rao, MD; Victor M. Santana, MD; David Parham, MD; 
Charles B. Pratt, MD; Irving D. Fleming, MD; Melissa Hudson, MD; 
James Fontanesi, MD; Paul Philippe, MD; 

Michael J. Schell, PhD, Memphis, Tenn 


© Patients with G3 histology and T2 lesions may benefit from chemotherapy. 


Carbohydrate-Binding Protein 35 Is the Major Cell-Surface 
Laminin-Binding Protein in Colon Carcinoma 

Edward C. Lee, MD; Hee-Jong Woo, DVM, PhD; Cynthia A. Korzelius; 
Glenn D. Steele, Jr, MD, PhD; Arthur M. Mercurio, PhD, Boston, Mass 


è CBP-35 is involved in tumor cell-basement membrane interactions; an increase in 
CBP-35 surface expression may facilitate metastatic potential of colon carcinoma cells. 


Enhancing Effect of Interleukin 1a Administration on 
Antitumor Effector T-Cell Development 

Vernon K. Sondak, MD; Melissa K. Tuck, MS; Suyu Shu, PhD; 
Hirohisa Yoshizawa, MD; Alfred E. Chang, MD, Ann Arbor, Mich 


@ This cytokine stimulated tumor-specific lymphocytes, reducing or eliminating pulmonary 
metastases in mice. 


Patterns of Recurrence After Pelvic Exenteration for 
Colorectal Adenocarcinoma 

Gordon H. Hafner, MD; Lemuel Herrera, MD; 

Nicholas J. Petrelli, MD, Buffalo, NY 


è Locoregional recurrence remains a significant problem for primary or recurrent 
colorectal carcinoma even after radical pelvic surgery. 


Merkel Cell Carcinoma: Prognosis and Management 
Anusak Yiengpruksawan, MD; Daniel G. Coit, MD; 

Howard T. Thaler, PhD; Carlos Urmacher, MD; 

William K. Knapper, MD, New York, NY 


è A wide excision of the primary tumor and either elective or early therapeutic regional 
node dissection is recommended. 
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AZACTAM: 
a balance 

of strength 
and safety. 


AZACTAM provides broad aerobic 
gram-negative in vitro activity including 
Pseudomonas aeruginosa. 











AZACTAM is effective therapy for 
pneumonia, Sepsis, 
intra-abdominal infections, and UT|* 


No AZACTAM-induced nephrotoxicity 
or ototoxicity reported in worldwide 
clinical trials of 4,570 patients.” 


May be used in penicillin-allergic 
patients.” 


Following IV administration, the 
most commonly seen adverse 
reactions with AZACTAM occurred 
in less than 2% of patients, including 
local reactions, diarrhea, nausea! 
vomiting, and rash. 





aztreonam IWIM 19/29 


A logical alternative 
to aminoglycosides. 


*Due to susceptible organisms. 


tin these studies of 4,570 patients, transient elevations of serum 
creatinine were rarely observed. 


*Antibiotics should be given with caution to any patient who has had some 
form otallergy, particularly to drugs. See brief summary of prescribing 
information on adjacent page for recommendations on patients with 
immediate hypersensitivity reactions to penicillins. 1439 





Azacta 


aztreonam IV/IM 19/29 


AZACTAM® FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION-AZACTAM (Aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacterici- 
dal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to yellowish- 
white lyophilized cake, containing approximately 780 mg arginine per gram of aztre- 
onam for intramuscular or intravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE-Before initiating treatment with AZACTAM, appropriate 
specimens should be obtained for isolation of the causative organism(s) and for de- 
termination of susceptibility to aztreonam. Treatment with AZACTAM may be started 
empirically before results of the susceptibility testing are available; subsequently, ap- 
propriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections (com- 
plicated and uncomplicated), including pyelonephritis and cystitis (initial and recurrent) 
caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter species* and Serratia 
marcescens*. Lower Respiratory Tract Infections, including pneumonia and bronchitis 
caused by Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Haemophilus influenzae, Proteus mirabilis, Enterobacter species and Serratia 
marcescens*. Septicemia caused by Escherichia coli, Klebsiella pneumoniae, Pseu- 
domonas aeruginosa, Proteus mirabilis*, Serratia marcescens* and Enterobacter species. 
Skin and Skin-Structure Infections, including those associated with postoperative 
wounds, ulcers and burns caused by Escherichia coli, Proteus mirabilis, Serratia 
marcescens, Enterobacter species, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
and Citrobacter species*. Intra-abdominal Infections, including peritonitis caused by 
Escherichia coli, Klebsiella species, including K. pneumoniae, Enterobacter species in- 
cluding E. cloacae*, Pseudomonas aeruginosa, Citrobacter species* including C. fre- 
undii* and Serratia species* including S. marcescens*. Gynecologic Infections, 
including endometritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneu- 
moniae* , Enterobacter species* including E. cloacae* and Proteus mirabilis*. 

AZACTANM is indicated for adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hollow viscus perforations, cutaneous infections and infections of serous 
surfaces. AZACTAM is effective against most of the commonly encountered gram- 
negative aerobic pathogens seen in general surgery. 


Concurrent Therapy- Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before the causative organism(s) is known in seriously 
ill patients who are also at risk of having an infection due to gram-positive aerobic 
pathogens. If anaerobic organisms are also suspected, therapy should be initiated 
using an anti-anaerobic agent concurrently with AZACTAM. Certain antibiotics (e.g., 
cefoxitin, imipenem) may induce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to many beta-lactam antibiotics including aztreonam. These in vitro findings 
suggest that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam. Following identification and susceptibility testing, appropriate an- 
tibiotic therapy should be continued. 


CONTRAINDICATIONS—Aztreonam is contraindicated in patients with known allergy 
to this antibiotic. 


WARNINGS-Pseudomembranous colitis has been reported with nearly all anti- 
bacterial agents, including aztreonam, and may range in severity from mild to life- 
threatening. Therefore, it is important to consider this diagnosis in patients who 
present with diarrhea subsequent to the administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by Clostridium 
difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic 
measures should be initiated. Mild cases of pseudomembranous colitis usually re- 
spond to drug discontinuation alone. In moderate to severe cases, consideration should 
be given to management with fluids and electrolytes, protein supplementation, and treat- 
ment with an oral antibacterial drug effective against C. difficile (e.g., vancomycin). 


*Efficacy for this organism in this organ system was studied in fewer than ten infections. 
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Careful imquiry should be made for a history of hypersensitivity reaction to any an- 
tibiotic o other drugs. Antibiotics should be given with caution to any patient who 
has had some form of allergy, particularly to drugs. It is recommended that patients 
who have had immediate hypersensitivity reactions (¢.g., anaphylactic or urticarial) 
to penicilins and/or cephalosporins should be followed with special care. If an al- 
lergic reaction to aztreonam occurs, discontinue the drug and institute supportive 
treatmert as appropriate (e.g., maintenance of ventilation, pressor amines, antihis- 
tamines, corticosteroids). Serious hypersensitivity reactions may require epinephrine 
and othe emergency measures. 


PRECALTIONS-General: In patients with impaired hepatic or renal function, appro- 
priate menitoring is recommended during therapy. If an aminoglycoside is used con- 
currently with aztreonam, especially if high dosages of the former are used or if 
therapy & prolonged, renal function should be monitored because of the potential 
nephrotexicity and ototoxicity of aminoglycoside antibiotics. The use of antibiotics 
may promote the overgrowth of nonsusceptible organisms, including gram-positive 
organisms and fungi. Should superinfection occur during therapy, appropriate measures 
should be taken. 


Carcinogenesis, Mutagenesis, impairment of Fertility—Carcinogenicity studies in 
animals kave not been performed. Genetic toxicology studies performed in vivo and 
in vitro wath aztreonam in several standard laboratory models revealed no evidence 
of mutagsnic potential at the chromosomal or gene level. Two-generation reproduction 
studies in rats at daily doses up to 20 times the maximum recommended human 
dose, prr to and during gestation and lactation, revealed no evidence of impaired 
fertility. There was a slightly reduced survival rate during the lactation period in the 
offspring@of rats that received the highest dosage, but not in offspring of rats that re- 
ceived five times the maximum recommended human dose. 


Pregnarncy-Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 and 5 
times, respectively, the maximum recommended human dose, revealed no evidence 
of embryo- or fetotoxicity or teratogenicity. No drug induced changes were seen in 
any of the maternal, fetal or neonatal parameters that were monitored in rats receiving 
15 timesthe maximum recommended human dose of aztreonam during late gestation 
and lactation. There are no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of human response, 
aztreonam should be used during pregnancy only if clearly needed. 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that are 
less tham 1% of concentrations determined in simultaneously obtained maternal 
serum; consideration should be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and children. 


ADVERSE REACTIONS-Local reactions such as phlebitis/thrombophlebitis following 
IV admiristration, and discomfort/swelling at the injection site following IM admin- 
istration occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions (considered to be related to therapy or of uncertain etiology) occurring at an 
incidenca of 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. Reactions 
occurring at an incidence of less than 1% are listed within each body system in order 
of decreasing severity: Hypersensitivity-anaphylaxis, angioedema, bronchospasm. 
Hematolegic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocytosis, 
thrombocytosis. Gastrointestinal-abdominal cramps; rare cases of C. difficile-associated 
diarrhea, including pseudomembranous colitis, or gastrointestinal bleeding have been 
reported Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). Dermatologic-purpura, erythema multiforme, 
urticaria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular—-hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory—-one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice Nervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizzi- 
ness. Musculoskeleta/-muscular aches. Special Senses-tinnitus, diplopia, mouth ulcer, 
altered taste, numb tongue, sneezing and nasal congestion, halitosis. Other—vaginal 
candidiesis, vaginitis, breast tenderness. Body as a Whole—-weakness, headache, 
fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relationship 
during clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), and alkaline 
phosphezase; signs or symptoms of hepatobiliary dysfunction occurred in less than 1% 
of recipients (see above). Hemic-increases in prothrombin and partial thromboplastin 
times, ecsinophilia, positive Coombs test. Rena/-increases in serum creatinine. 


OVERDOSAGE-If necessary, aztreonam may be cleared from the serum by hemo- 
dialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with impaired renal function. In elderly patients, estimates of creatinine clearance 
should œ obtained and appropriate dosage modifications made if necessary. 

HOW SUPPLIED-AZACTAM For injection (Aztreonam For Injection)—Lyophilized-is 
suppliec in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single-dose 
30 mL vals containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
tles containing 500 mg or 1 g or 2 g/bottle. 


Consult package Insert before prescribing AZACTAM (aztreonam). (J4-231E) 
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A 5-Year Study of Cryosurgery in the Treatment 1520 
of Liver Tumors 

T. S. Ravikumar, MD, New Haven, Conn; Robert Kane, MD; 

Blake Cady, MD; Roger Jenkins, MD; Melvin Clouse, MD; 

Glenn Steele, Jr, MD, Boston, Mass 


è This study establishes the long-term effectiveness of cryosurgery in the treatment of 
primary and metastatic liver tumors. 


Human Lymphokine-Activated Killer Cell Activity: 1525 
Role of IL-2, IL-4, and IL-7 
Hans Stétter, MD, Michael T. Lotze, MD, Bethesda, Md 


è IL-7-induced LAK activity is independent of IL-2 production and regulated by 
endogenously generated IL-4. 


High-Dose Preoperative Radiation and Radical 1534 
Sphincter-Preserving Surgery for Rectal Cancer 
Gerald Marks, MD; Mohammed Mohiuddin, MD, Philadelphia, Pa; 
Arieh Eitan, MD, Haifa, Israel; Luigi Masoni, MD, 
Jan Rakinic, MD, Philadelphia, Pa 
è High-dose preoperative radiation and sphincter preservation surgery resulted in better 
than expected survival and control of local recurrence. 
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Charles E. Cox, MD; Ni Ni Ku, MD; Douglas S. Reintgen, MD; 

Harvey M. Greenberg, MD; Santo V. Nicosia, MD; 

Stephen Wangensteen, MD, Tampa, Fla 


REGULAR DEPARTMENTS 


ai esti itn een ieee? | ae ee ed ee Le ee 
Correspondence and Brief Communications 1541 
Instructions for Authors 1445 
Index to Advertisers 1446 
DECOY TA EE ee een eee a Se 


Index to Volume 126 1545 


Classified Advertising 1569 





‘Ne 2 w Oe Eri PEAS, referee re > e v. AN aA z 
Nr ae Go “ao rroge otget= “agreed AOMORI a pel S j ERP NNN A AAA NNE ; ~~ r 7 oe “3 ox : 
NAA ESSE WA SS SS Sas WS A SS SR ES eA Spe wT iw oh 
Á D> AA" U r N £0 | > EAE LN Et ~ ae" AN EGE: Ars OE: NAS ele: WN ANNY AFL en LIFE rA EANN at FL SS A 


Doctor. 
Guilty or 
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Collective action by independently Case in point: 
practicing physicians can violate 
U.S. antitrust laws, and 
physicians must proceed 


Have you ever discussed your fees with another physician? 


MDs in town? Unless the doctors you talked to were your 


VEDY ey partners, you may have violated U.S. antitrust laws and could 
face criminal prosecution. If found guilty of price fixing or 
group boycott, you could be fined, sentenced and stripped of 
your license. 

This may be the most important The American Medical Association, Office of the General 

book you'll ever read: Counsel, has published this book to help you avoid 

Collective antitrust pitfalls and impios your ability to bargain 

na effectively with pavers. 
Negotiation 
and Antitrust 


A Guide for Physicians 
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To Order, Call Today: 1-800-621-8335 _ 





Price: $5.00 (AMA Members ) 
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Or shared your feelings about an HMO or PPO plan with other 


| More power than 
codeine 30 mg 


LORTAB 7.5/500 delivers more 


analgesic power than codeine 
30 mg/APAP 300 mg—50% more 
high-strength pain relief.* 


No extra 


; Nausea and constipation are no 
more common with LORTAB 


7.5/500 than they are with 
codeine. Your patients do not 
have to experience more Gi.side 
effects to get the extra-strength 
pain relief of LORTAB 7.5/500. 


“Hydrocodone is approximately 6-8 times more 
potent than codeine mg-for-mg,. Thus, 7.5 mg 
hydrocodone is approximately equal to 45 mg 
codeine in analgesic potency.’ 


LORTAB 75/500G 


/.© mg hydrocodone bitartrat@e (Warning: may be habit forming) 
and 500 mg acetaminophen 


High strength, not high side effects. 


E Whitby. 


Pharmaceuticals Please see Brief Summary of Prescribing Information on adjacent page. 
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, References: 1. Beaver WT. Aspirin and acetaminophen as constituents of 
analgesic combinations. Arch Intern Med. 1981 ;141:293-300. 
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s Hydrocodone Bitartrate 7.5 mg (Warning: May be habit forming) 


and Acetaminophen 500 mg Tablets oe ee Women with No E 
INDICATIONS: For the relief of moderate to moderately severe pain. eS Age: Se 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen or hydrocodone. 4 3539 Baseine 
WARNINGS: Drug Abuse and Dependence: Lortab 7.5/500 tablets are subject : 40-49 Every 1-2 years 
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to the Federal Controlled Substances Act (Schedule Ill). Psychic dependence, 
b physical dependence and tolerance may develop upon repeated administration 
F of narcotics: therefore, Lortab 7.5/500 tablets should be prescribed and adminis- 
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50 & up Every year 


tered with caution. However, psychic dependence is unlikely to develop when 
Lortab 7.5/500 tablets are used for a short time for the treatment of pain. 
Respiratory Depression: At high doses or in sensitive patients, hydrocodone 
may produce dose-related respiratory depression by acting directly on the brain 
Pe stem respiratory center. Hydrocodone also affects the center that controls 
respiratory rhythm, and may produce irregular and periodic breathing. Head 
Injury and Increased Intracranial Pressure: The respiratory depressant effects 
$ of narcotics and their capacity to elevate cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head injury, other intracranial lesions or 
a preexisting increase in intracranial pressure. Furthermore, narcotics produce 
adverse reactions which may obscure the clinical course of patients with head 
injuries. Acute Abdominal Conditions: The administration of narcotics may 
e obscure the diagnosis or clinical course of patients with acute abdominal condi- 
Shy tions. PRECAUTIONS: Caution: Federal law prohibits dispensing without 
Eorgron. Special Risk Patients: As with any narcotic analgesic agent, 





- ortab 7.5/500 tablets should be used with caution in elderly or debilitated 
patients and those with severe impairment of hepatic or renal function, hypothy- 
! roidism, Addison's disease, prostatic hypertrophy or urethral stricture. The usual 
E precautions should be observed and the possibility of respiratory depression 
should be kept in mind. Information for Patients: Lortab 7.5/500 tablets, like all a 


narcotics, may impair the mental and/or physical abilities required for the perfor- 
mance of potentially hazardous tasks such as driving a car or operating machin- 
ery; patients should be cautioned accordingly. Cough Reflex: Hydrocodone 
suppresses the cough reflex; as with all narcotics, caution should be exercised 


will you tell her 
when Lortab 7.5/500 tablets are used postoperatively and in patients with pul- y 


monary disease. Drug Interactions: Patients receiving other narcotic anal- 
gesics, antipsychotics, antianxiety agents, or other CNS depressants (including a out 
alcohol) concomitantly with Lortab 7.5/500 tablets may exhibit an additive CNS 
depression. When combined therapy is contemplated, the dose of one or both e 

agents should be reduced. The use of MAO inhibitors or tricyclic antidepressants 
with hydrocodone preparations may increase the effect of either the antidepres- screenin 
| sant or hydrocodone. The concurrent use of anticholinergics with hydrocodone 
| may produce paralytic ileus. Usage in Pregnancy: Teratogenic Effects: 

Pregnancy Category C. Hydrocodone has been shown to be teratogenic in ? 
hamsters when given in doses 700 times the human dose. There are no ade- è 
quate and well-controlled studies in pregnant women. Lortab 7.5/500 tablets 
should be used during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. Nonteratogenic Effects: Babies born to mothers who have 
been taking opioids regularly prior to delivery will be physically dependent. The 





withdrawal signs include irritability and excessive crying, tremors, hyperactive Many of your patients will hear about 
reflexes, increased respiratory rate, increased stools, sneezing, yawning, vomit- : 
ing, and fever. The intensity of the syndrome does not always correlate with the SC reening mammography through a prog ram 
duration of maternal opioid use or dose. There is no consensus on the best F ; 
method of managing withdrawal. Chlorpromazine 0.7 to 1 mg/kg q6h, and launched by the American Cancer Society and 
paregoric 2 to 4 drops/kg q4h, have been used to treat withdrawal symptoms in ; $ 
infants. The duration of therapy is 4 to 28 days, with the dosage decreased as the American College of Radiology, and they 
tolerated. Labor and Delivery: As with all narcotics, administration of Lortab . i š 
7.5/500 tablets to the mother shortly before delivery may result in some degree of may come to you with questions. What will 
respiratory depression in the newborn, especially if higher doses are used. 3 5 
monies. Mothers: It is not ee this drug is excreted in human milk. you tell them: 
ecause many drugs are excreted in human milk and because of the potential ' s 
pa ear refi a garnens in ae infants from Lortab 7.5/500 tablets, a We hope you I] encourage them to have a 
ecision should be made whether to discontinue nursing or to discontinue the i e 
drug, taking into account the importance of the drug to the mother. Pediatric screening mammogram, because that, along 
se: Safety and effectiveness in children have not been established. ADVERSE : : i 
nee a The most frequently Sh achat ivoro reactions include light- with your regular breast examinations and 
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produce a given level of analgesia. Prolonged administration of Lortab 7.5/500 contact us. 


tablets may produce constipation. Genitourinary System: Ureteral spasm, 
spasm of vesical sphincters and urinary retention have been reported. 
Respiratory Depression: Hydrocodone bitartrate may produce dose-related 
respiratory depression by acting directly on the brain stem respiratory center. 
Hydrocodone also affects the center that controls respiratory rhythm, and may 


produce irregular and periodic breathing. If significant respiratory depression oP EE 
occurs, it may be antagonized by the use of naloxone hydrochloride. Apply other AMERICAN Professional Education Dept. 
supportive measures when indicated. DOSAGE AND ADMINISTRATION: CANCER National Headquarters 
Dosage should be adjusted according to the severity of the pain and the re- ® 90 Park Avenue 

sponse of the patient. However, it should be kept in mind that tolerance to SOCIETY New York, New York 10016 
hydrocodone can develop with continued use and that the incidence of untoward or your local society 


effects is dose related. The usual adult dosage is one tablet every four to six 
hours as needed for pain. The total 24 hour dose should not exceed 6 tablets. 


Rev. 4/90 
American 1891 Preston White Drive 


College of Reston, Virginia 22091 
Radiology (703) 648-8900 





Manufactured for Whitby Pharmaceuticals, Inc. 
by Central Pharmaceuticals, Inc., Seymour, IN 47274 


© 1991 Whitby Pharmaceuticals, Inc., Richmond, VA 23220 
All rights reserved. Printed in U.S.A. 0057R891 


1444 





INSTRUCTIONS FOR AUTHORS 





Manuscripts are to be sent by first-class mail to the Ed- 
itor, Claude H. Organ, Jr, MD, Professor, Dept of 
Surgery, University of California— Davis, East Bay, 1411 
E 31st St, Oakland, CA 94602. The procedures listed must 
be followed carefully and all materials requested must be 
enclosed for prompt review and consideration for publi- 
cation in the Archives of Surgery. Use the checklist to en- 
sure completeness. 

Manuscript Preparation.—The original typescript and 
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Legends. — Legends must be typed double-spaced, be- 
ginning on a separate sheet of paper. Length is limited to 
a maximum of 40 words. 

Tables. —Each table must be typed double-spaced, in- 
cluding all headings, on a separate sheet of 8 1⁄2 X 11-in 
paper. Do not use larger-size paper. If a table must be 
continued, use a second sheet and repeat all heads and 
stubs. Each table must have a title. 

Manuscript Acceptance.—Manuscripts are received 
with the understanding that they are not under simulta- 
neous consideration by another publication. Accepted 
manuscripts become the permanent property of the 
ARCHIVES and may not be published elsewhere without 
permission from the publisher (AMA). 
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Brief Clinical Notes.—The ARCHIVES welcomes the 
submission of Brief Clinical Notes for review. These are 
generally reports of cases that provide a new or unique 
contribution and are to consist of no more than 400 words, 
two references, and one illustration. The synopsis- 
abstract may not exceed 80 words. 

Correspondence and Brief Communications. —The Ed- 
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published in the ARCHIVES as well as brief communica- 
tions concerning other matters of interest to our readers. 
An interesting case may be published as a brief commu- 
nication. Such contributions should be 250 words or less, 
typewritten, double-spaced without an abstract, and 
clearly marked “for publication.” No more than two ref- 
erences are permitted and illustrations or tables are 
acceptable only when essential to the message. 
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applicable: authors, title of article, title of journal or book, 
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when the manuscript has been formally accepted. 

Statistical Review. — Manuscripts containing statistical 
evaluation should include the name and affiliation of the 
statistical reviewer. 

Informed Consent. — Manuscripts reporting the results 
of experimental investigations on human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had 
been fully explained. 

Reference to Patients. — Patients should be referred to 
by number or, in anecdotal reports, by fictitious given 
names. Real names or initials must not be used in the text, 
tables, or illustrations. 

Photographic Consents. —A letter of consent must ac- 
company all photographs of patients in which a possibil- 
ity of identification exists. It is not sufficient to simply 
cover the eyes to mask identity. 

AMA Manual of Style.—This 1988 edition, formerly 
the Maaual for Authors & Editors, is available from 
Williams & Wilkins, 428 E Preston St, Baltimore, MD 
21202. Single copy price: $26.95. A shipping charge is 
added on all orders not prepaid. If additional ordering 
information is needed, or to order by telephone, call 
1-800-633-0672. 
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See complete prescribing information in SmithKline Beecham 
Pharmaceuticals literature or PDR. The following is a brief 
summary. 


TIMENTIN ® sterile ticarcillin disodium for Intravenous 
and clavulanate potassium Administration 
INDICATIONS AND USAGE: TIMENTIN” is indicated in the treatment 
of infections caused by susceptible strains of the designated 


organisms in the conditions listed below: 
Bacterial Seotcemi including bacteremia, caused by 8-lactamase 
producing strains of Klebsiella spp., E. coli, ai etn aureus 


and Pseudomonas aeruginosa (and other Pseudomonas species). 
: caused by B-lactamase Brosicieg 
strains of Staphylococcus aureus, Hemophilus influenzae an 


Klebsiella spp. Bone and Joint Infections caused by 8-lactamase 
pectin strains of Staphylococcus aureus. Skin and Skin Structure 


: caused by 8-lactamase producing strains of 
taphylococcus aureus, Klebsiella spp., and E. coli. Uri 
(complicated and uncomplicated): caused by {-lactamase 
producing strains of E. coli, Klebsiella spp., seudomonas aeruginosa 
(and other Pseudomonas species), Citrobacter spp., Enterobacter 
cloacae, Serratia marcescens, and Staphylococcus aureus. 
: Endometritis caused by 8-lactamase 
producing strains o Ps pps wing Enterobacter spp. (including 
E. cloacae’), Escherichia coli, Klebsiella pneumoniae,’ Staphylococcus 
aureus, and Staphylococcus epidermidis. 

While TIMENTIN is indicated only for the conditions listed above, 
infections caused by ticarcillin susceptible organisms are also 
amenable to TIMENTIN treatment due to its ticarcillin content. 
Therefore, mixed infections caused by ticarcillin susceptible organisms 
and §-lactamase producing organisms chee y e to TIMENTIN 
should not require the addition of another antibiotic. 

ADVERSE REACTIONS: As with other penicillins, the foliowing 
adverse reactions may occur: Hypersensitivity reactions: skin rash, 
pruritus, urticaria, arthralgia, myalgia, erg fever, chills, chest 
discomtort, and anaphylactic reactions. Central nervous system: 
headache, giddiness, neuromuscular hyperirritability or convulsive 
seizures. Gastrointestinal disturbances: disturbances of taste and 
smell, stomatitis, flatulence, nausea, vomiting and diarrhea, opgan 
pain. Hemic and Lymphatic systems: thrombocytopenia, leukopenia, 
neutropenia, eosinophilia and reduction of hemoglobin or hematocrit, 
Prolongation of prothrombin time and bleeding time. Abnormalities 
of hepatic and renal function tests: elevation of serum aspartate 
aminotransferase apn, serum alanine aminotransferase (SGPT), 
serum alkaline phosphatase, serum LDH, serum bilirubin. Rarely, 
transient hepatitis and cholestatic jaundice-as with some other 
penicillins and some cephalosporins. Elevation of serum creatinine 
and/or BUN, hypernatremia. Reduction in serum potassium and uric 
acid. Local reactions: pain, burning, swelling and induration at the 
injection site and thrombophlebitis with intravenous administration. 
Overdosage: As with other penicillins, TIMENTIN in overdosage has 
the potential to cause neuromuscular hyperirritability or convulsive 
seizures. Ticarcillin may be removed from circulation by hemodialysis. 
The molecular weight, degree of protein binding and pharmacokinetic 
profile of clavulanic acid together with information from a single 
patient with renal insufficiency all suggest that this compound may 
also be removed by hemodialysis. 

CONTRAINDICATIONS: TIMENTIN is contraindicated in patients 
with a history of "ypo rave th reactions to any of the penicillins. 

WARNINGS: SERIOUS AND OCCASIONALLY FATAL 
HYPERSENSITIVITY (ANAPHYLACTOID) REACTIONS HAVE BEEN 
REPORTED IN PATIENTS ON PENICILLIN THERAPY. THESE 
REACTIONS ARE MORE LIKELY TO OCCUR IN INDIVIDUALS WITH A 
HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR A HISTORY 
OF SENSITIVITY TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS 
WHEN TREATED WITH CEPHALOSPORINS. BEFORE INITIATING 
THERAPY WITH TIMENTIN, CAREFUL INQUIRY SHOULD BE MADE 
CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS, OR OTHER DRUGS. IF AN 
ALLERGIC REACTION OCCURS, TIMENTIN SHOULD BE 
DISCONTINUED AND THE APPROPRIATE THERAPY INSTITUTED. 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE 
EMERGENCY TREATMENT WITH EPINEPHRINE. OXYGEN 
INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING 
INTUBATION, SHOULD ALSO BE PROVIDED AS INDICATED. 

PRECAUTIONS: While TIMENTIN possesses the characteristic low 
toxicity of the penicillin group of antibiotics, organ system functions 
should be assessed periodically during therapy. 

Bleeding manifestations have occurred in some patients rene 
B-lactam antibiotics. These reactions have been associated wit 
abnormalities of coagulation tests such as clotting time, platelet 
aggregation and prothrombin time and are more likely to occur in 
ea with renal impairment. If es manifestations appear, 
i eil- treatment should be discontinued and appropriate therapy 
instituted. 

TIMENTIN has only rarely been reported to cause hypokalemia. 
Periodic monitoring of serum potassium may be advisable in patients 
receiving prolonged therapy. 

Pregnancy (category B): Reproduction studies have been 
performed in rats given doses up to 1050 mg/kg/day and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be used 
sorig pregnancy only if clearly needed. 

DOSAGE AND ADMINISTRATION: TIMENTIN should be 
administered by intravenous infusion (30 min.). Usual recommended 
dose for systemic and urinary tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (3.1 Gm vial containing 3 Gm ticarcillin 
and 100 mg clavulanic acid) aa every 4 to 6 hours. For gynecologic 
infections TIMENTIN should be administered as follows: Moderate 
infections 200 mg/kg/day in divided doses every 6 hours and tor 
severe infections 300 mg/kg/day, based on ticarcillin content, in 
divided doses every 4 hours. For patients weighing less than 60 kg, 
the recommended dosage is 200-300 mg/kg/day, based on ticarcillin 
content, given in divided doses every to 6 hours. In urinary tract 
infections, a dosage of 3.2 Gm TIMENTIN (3.2 Gm vial containing 3 
Gm ticarcillin and 200 mg clavulanic acid) given every 8 hours is 
adequate. Please see official package insert for details on dosages for 
eee patients, including those with renal insufficiency, and directions 
or use. 

SUPPLIED: 3.1 Gm and 3.2 Gm Standard Vials; 3.1 Gm and 3.2 
Gm Piggyback Bottles; 31 Gm Bulk Pharmacy Package; 3.1 Gm ADD- 
Vantage™ Antibiotic Vial. i i. 
"Efficacy for this organism in this organ system was studied in fewer 
than 10 infections.  7548/H-BS 


Reference: 

1. Cuchural GJ Jr, Tally FP, Jacobus NV, et al: Comparative activities 
of newer 8-lactam agents against members of the Bacteroides 
fragilis group. Antimicrob Agents Chemother 1990;34:479-480. 


1448 








Solving one puzzle of 
atient communications... 


- Medicolegal Forms with Legal Analysis 


Medicolegal Forms with Legal Analysis is the ideal resource 


for assembling the legal pieces of your physician-patient 
relations. This newly-revised single volume contains more 
than 80 sample forms developed by the AMA's Office of the 
General Counsel, along with discussions explaining the 
use and structure of the forms and case law citations. 

Only Medicolegal Forms with Legal Analysis assembles 
this valuable informatzon so conveniently for adaptation to 


individual practice situations. 


Order your copy today; call toll-free 1-800-621-8335 


Order #OP630290 AMA Member $25 Non-member $32 
Visa and MasterCard cnly. 


Appropriate state sales tax will be added as 
applicable. $3.50 will also be added for shipping 
and handling for orders under $35.00 


American 
Medical 


Association nie 





prere has enjoyed an un- 
precedented explosion in popu- 
larity, particularly as it applies to 
cholecystectomy. It has changed an 
operation that required 5 to 7 days of 
hospitalization and caused consider- 
able postoperative pain and morbid- 
ity extending for 4 to 6 weeks into an 
operation with minimal patient dis- 
comfort, hospitalization of 1 to 2 
days, and minimal morbidity. 

Recently, laparoscopy for repair of 
groin hernias has been advertised in 
some surgical centers. Here, how- 
ever, cautious comparison is indi- 
cated: What are the risks? Are the 
techniques defined? What are the 
indications and contraindications? 
What is the recurrence rate? What 
should be the attitude of surgeons? 

Modern day herniorrhaphy is or- 
dinarily performed with a minimal 
recurrence rate as an outpatient pro- 
cedure, under local anesthesia, with- 
out the need for hospitalization, with 
rapid return to work, and with little 
or no restriction of activity. 

Nevertheless, the magic of words 
like laser and laparoscopy continues to 
excite people. However, the public 
should not be stampeded into lap- 
aroscopic herniorrhaphy for several 
important reasons: (1) the operation 
has not been perfected; (2) the defin- 
itive instrumentation has not been 
invented; (3) the complications asso- 
ciated with peritoneal invasion have 
not all been identified; (4) the neces- 
sary ideal synthetic material for in- 
traperitoneal placement has not yet 
been developed; and (5) the efficacy 
of the operation certainly has not 
been established due to the lack of 
significant follow-up. 

Laparoscopic herniorrhaphy should 
be restricted to a few interested centers 
as an experimental tool. This new, 
untested, and possibly dangerous 
technique should be avoided until 
enough time has passed to justify its 
safe adoption. At present, we are con- 
tinuing our investigation into design- 
ing the ideal instrumentation and cre- 
ating a satisfactory intraperitoneal 
biosynthetic patch in our research lab- 
oratory. At this stage in its develop- 
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ment, it appears doubtful that laparo- 
scopic herniorrhaphy will ever replace 
the efficacy and simplicity of modern 
day hernioplasty. 
IRVING L. LICHTENSTEIN, MD 
ALEX G. SHULMAN, MD 
PARVIZ K. AMID, MD 
Los Angeles, Calif 


Reprint requests to Lichtenstein Hernia 
Institute, 9201 Sunset Blvd, Suite 505, Los 
Angeles, CA 90069 (Dr Lichtenstein). 


In Reply.—Lichtenstein et al state 
that modern day hernioplasty is ef- 
ficacious and simple, but recent re- 
views of hernia repairs show recur- 
rence rates as high as 20.9%.' The 
absence of recurrences in 1000 
cases reported by Lichtenstein et 
al? has been the exception and 
must be attributed to the “tension 
free” repair. Proponents of laparo- 
scopic herniorrhaphy use this prin- 
ciple to reduce recurrence. Con- 
cerns over long-term fate of 
intraperitoneal prosthetic material 
is real and formation of adhesions, 
erosion into adjacent structures, 
and infection must be a concern for 
any surgeon using these materials 
in the peritoneal cavity. The ulti- 
mate prosthetic material for in- 
traperitoneal placement has not 
been developed, and surgeons 
should only implant these materi- 
als after careful consideration and 
informed consent. Another tech- 
nique that may alleviate the need 
for intraperitoneal placement is the 
preperitoneal repair with prosthetic 
mesh. Open surgical repair using 
Stoppa’s technique of preperitoneal 
prosthetic mesh placement has re- 
sulted in a 2% to 5% recurrence 
rate in the most difficult recurrent 
hernias.’ Many of the surgeons ad- 
vocating laparoscopic hernia repair 
have perfected their technique in 
the laboratory before starting clini- 
cal studies, and have informed pa- 
tients of the potential dangers of 
laparoscopic repair. Those efforts 
are to be applauded and surgeons 
about to embark on laparoscopic 


hernia repairs are encouraged to do 
likewise. 

The ultimate driving force be- 
hind laparoscopic hernia repair is 
that it allows a rapid return to full 
activities with minimal discomfort 
that has not routinely been accom- 
plished with standard hernia re- 
pair. Any surgeon performing lap- 
aroscopic cholecystectomy has had 
the experience of sweating through 
a difficult laparoscopic cholecystec- 
tomy that has lasted far longer 
than an open procedure, only to 
discover the patient up and about 
the night of surgery and anxious to 
leave then or the next day. Simi- 
larly, the few patients we have ob- 
served after laparoscopic hernia re- 
pair have returned to activity (such 
as tennis, golf, running, surfing, 
bungee jumping) within a week af- 
ter surgery, while the patient who 
has open surgery will wait months 
until returning to such strenuous 
activities. The tremendous advan- 
tage of minimally invasive surgery 
should not be dismissed without 
investigating techniques to make 
surgery safe, efficacious, and easy 
to perform. Certainly, any surgeon 
performing a laparoscopic hernia 
repair should inform the patient of 
the risks and investigational nature 
of the procedure, but we have no 
doubt that laparoscopic hernia re- 
pair will find a place in surgical 
practice primarily because of the 
advantage of returning the patient 
to full activities with minimal pain 
more quickly than after standard 
hernia repair. 

WILLIAM O. RICHARDS, MD 
JOHN L. SAWYERS, MD 
Nashville, Tenn 
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wall. In: Chevrel JP, ed. Surgery of the 
Abdominal Wall. New York, NY: 
Springer-Verlag NY Inc; 1987:155. 


Commentary 1449 





Paper 





Prospective Evaluation of the Use of Antigen-Specific 
Immune Complexes in Predicting the Development of 
Recurrent Melanoma 


Jan H. Wong, MD; Shi Hong Xu, MS; Kristin A. Skinner, MD; Leland J. Foshag, MD; Donald L. Morton, MD 


@ We previously demonstrated that the antigen-specific 
immune complexes captured by the monoclonal antibody 
MAb JSI in a sandwich enzyme-linked immunosorbent assay 
were associated with recurrent melanoma. To determine 
the potential use of antigen-specific immune complex anal- 
ysis in predicting the development of recurrent melanoma, 
we prospectively analyzed serum obtained from patients 
with melanoma following surgical treatment. Two hundred 
fifty-three patients have been followed up for a median of 
25 months (range, 17 to 29 months). Seventy-seven patients 
(30%) have developed recurrent melanoma. Antigen- 
specific immune complexes correlated with the stage of 
disease at time of entry into the study. The absence of 
antigen-specific immune complexes in postoperative serum 
samples is predictive of a disease-free status. Long-term 
follow-up will define the false-positive rate of antigen- 
specific immune complex analysis. Continued refinement of 
this approach should lead to clinically useful methodology 
to monitor human melanoma. 
(Arch Surg. 1991;126:1450-1454) 


C onvincing evidence now exists to support the concept 

that malignant transformation of normal mamma- 
lian cells is associated with antigenic changes that distin- 
guish them from their normal counterparts.’ A variety of 
serologic strategies have been used to define a large group 
of antigens that have at least increased expression on hu- 
man tumor cells.!* Monoclonal antibodies have proved to 
be ideal reagents to study the antigenic composition of 
cancer in humans. The majority of antigens defined by 
monoclonal antibodies have proved to be glycoproteins*® 
and have been defined by cross reactivity in xenogeneic 
systems. Murine monoclonal antibodies will most com- 
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monly icentify strong, species-specific antigens. Subtle 
alteratiors in the tumor cell surface, which are probably 
most crit cal in the unregulated growth of the malignant 
cell in the host, may not be detected. Antigens that are 
recognized as foreign and are immunogenic in humans 
may be of particular importance in the control of the can- 
cer and zs potential diagnostic or therapeutic reagents. 

Tumor-associated antigens may be shed or secreted 
into the circulation of patients with cancer, and in the 
presence of antibody to the antigen, result in the forma- 
tion of ci-culating antigen-antibody complexes. Circulat- 
ing antigen-antibody complexes or immune complexes 
(ICs) have been recognized as a consistent feature in pa- 
tients with cancer. Some of the antigens present in ICs are 
tumor-associated.”*® For this reason, we believe that mon- 
itoring IC has potential usefulness in the treatment of pa- 
tients with cancer. Methods to detect ICs have largely re- 
lied upon differences in the physiochemical and biologic 
properties of antigen complexed to antibody as opposed 
to free inmunoglobulin. Because tumor-associated IC 
represen-ed only a small fraction of the total IC, antigen 
nonspecific IC assays have given conflicting results when 
used for 2arly tumor diagnosis or prognosis.’ The devel- 
opment of antigen-specific IC assays that detect tumor- 
associated antigens should provide an approach to detect 
the presence of a tumor. 

We developed a murine monoclonal antibody by im- 
munizing with an antigen preparation obtained from the 
spent cu ture media of the melanoma cell line UCLA- 
SO-14 (M14).'° The monoclonal antibody, designated the 
MAb JSI," recognized a protein antigen with a molecular 
weight o` approximately 35000 d.'* Immunohistochemi- 
cal studies of melanoma cells in culture demonstrated 
100% expression of the antigen recognized by MAb JSI, 
while no reactivity was detected with normal cells. For 
this reasen, it appeared that this antigen might have use 
as a tumor marker in human melanoma. 

We also developed a standardized and reproducible 
“sandwich” enzyme-linked immunosorbent assay to de- 
tect an antigen-specific IC in serum samples obtained 
from patients with melanoma" using MAb JSI as the cap- 
ture antibody. We demonstrated a highly significant as- 
sociation of the antigen-specific IC, captured in this 
sandwict enzyme-linked immunosorbent assay, and re- 
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No. (%) of Antigen-Specific o. (%) 
Immune Complexes—Positive Patients 


Immune Complexes—Negative Patients 
23 (24) 71 (76) 
86 (59) 59 (41) 

9 (64) 5 (36) 





*P<.0001. 


current melanoma. Seventy-five percent (33 of 44) of pa- 
tients with recurrent measurable melanoma had detect- 
able antigen-specific IC, while only 5% (two of 45) of 
apparently normal individuals were antigen-specific IC- 
positive. The currert investigation was undertaken to 
prospectively determine the predictive value of antigen- 
specific IC analysis in patients with melanoma undergo- 
ing potentially curative surgical resection. 


PATIENTS, MATERIALS, AND METHODS 
Patients 


Two hundred fifty-three patients (128 women and 125 men), 
rendered surgically vee of melanoma, were prospectively stud- 
ied. Ninety-four patients (37%) had disease confined to the pri- 
mary site (stage I), 145 patients (57%) had regional nodal 
metastases (stage II), and 14 patients (6%) had distant metastatic 
disease resectec (stage III). The median follow-up of patients 
was 25 months and ranged from 17 to 29 months. All patients 
with stage II or stage II disease have been treated adjuvantly 
with a melanoma cell vaccine that has been previously described 
in detail. We have Gemonstrated that adjuvant therapy with the 
vaccine does not appear to affect antigen-specific IC analysis. 


Serum Samples 


Following informed consent, serum was obtained from pa- 
tients with melanoma at the initial postoperative visit and at 
monthly intervals for 3 consecutive months. Serum samples 
were stored at —35°C until studied. 


Preparation of Monoclonal Antibody MAB JSI 


The MAb JSI was produced following immunization with the 
partially purified antigen preparation obtained from the spent 
culture media of the melanoma cell line M14, using standard 
hybridoma technology as previously described.’ The MAb JSI 
was mass produced by injection into pristine-primed mice. The 
ascites was harvested and partially purified by precipitation with 
60% of ammonium sulfate. This resulted in approximately 6 to 
10 mg/mL of antibody, which was stored at 4°C until used in the 
sandwich enzyme-linked immunosorbent assay. 


Sandwich Enzyme-Linked Immunosorbent Assay 


The technique, developed by Engvall and Perlmann,“ was 
adapted to detect antigen-specific circulating ICs in human se- 
rum samples. Microtitration plates with 96 wells (Immulon, 
Dynatech Laboratories, Alexandria, Va) were sensitized with 100 
WL (50 to 100 mg/L) of the partially purified MAb JSI ascites fluid 
that had been diluted 100-fold in 0.06-mol/L carbonate buffer (pH 
9.6) and incubated at 4°C for 16 hours before use. The wells were 
emptied and washec three times with 0.25-mol/L sodium phos- 
phate buffer supplemented with 0.15-mol/L sodium chloride and 
0.05% polysorbate 20 (Tween 20) (PBS/T) and blocked with 100 
uL of a 1% solution of bovine serum albumin (Sigma Chemical 
Co, St Louis, Mo) in PBS/T for 10 minutes at 26°C. Serum (100 
aL at a dilution of 1:20) was dispensed into the wells and incu- 
bated at 37°C for 1 hour. All samples were run in triplicate. To 
minimize the possibility of cross-reactivity with the immobilized 
mouse immunoglobulin, the test serum was diluted with a 1% 
solution of mouse serum. Binding of human immunoglobulin 
containing ICs by the immobilized monoclonal antibody MAb JSI 
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was detected with a 1:400 diluted goat antihuman IgG antibody 
conjugated to alkaline phosphatase (Sigma) with p-nitrophenyl 
phosphate (1 mg/mL) in 10% diethanolamine buffer (pH 9.8) as 
the substrate. The color developed in each well after incubation 
at room temperature was read at 405 nm in a spectrophotometer 
(Multiscan, Flow Laboratories, Inglewood, Calif) and compared 
with a positive control serum sample that had developed an op- 
tical density (OD) reading of approximately 1.0 above back- 
ground. Results were expressed as percentages of maximum 
binding and were calculated as follows: 


Percentage of Maximum Binding = [(ODsampie—ODysp)/ 
(OD controi — ODsp)] X 100, 
in which NSB indicates nonspecific background binding. 
Serum was determined to be positive for the presence of 
antigen-specific ICs when greater than 15.5% maximum binding 
was obtained." 


Statistical Analysis 


The x’ analysis was used where appropriate. Sensitivity and 
specificity of our antigen-specific IC analysis were calculated as 
follows: 


Sensitivity = (Antigen-Specific IC + With Recurrent Melanoma) 
(Total Number Recurrent Melanoma) 


Specificity = (Antigen-Specific IC — Disease Free) 
(Total Number Disease Free) 


Positive predictive value (the ability to correctly predict recur- 
rent melanoma) was determined as follows: 


ppv = (Antigen-Specific IC + With Recurrent Melanoma) 
(Total Number Antigen-Specific IC +) 


Negative predictive value (the ability to correctly predict 
disease-free survival) was determined as follows: 


NPV = (Antigen-Specific IC — Disease Free) 
(Total Number Antigen-Specific IC —) 


RESULTS 
Clinical Outcome 


During the follow-up period that ranged from 17 to 29 
months (median, 25 months), 77 patients (30%) devel- 
oped recurrent melanoma. Of the 94 patients with mela- 
noma localized to the primary site (stage I), only one pa- 
tient developed recurrent melanoma. Sixty-three (44%) 
stage II patients developed metastatic disease. All but one 
patient with disseminated melanoma who were surgically 
treated have had recurrence, and five of these patients 
were alive at the time of this report. 


Correlation of Antigen-Specific IC Analysis and 
Stage of Disease 


A total of 118 patients (47%) demonstrated antigen- 
specific ICs in at least one postoperative serum sample 
obtained during the 4-month follow-up (Table 1). 
Seventy-one (76%) of stage I patients were antigen- 
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Table 2.—Correlation of Antigen-Specific Immune Complex Analysis and Development of Recurrent Melanoma* 


No. (%) of No. (%) of 
Antigen-Specific Immune Antigen-Specific Immune 
Complex—Positive Patients Complex—Negative Patients 


1 (100) 
22 (24) 
45 (71) 
40 (49) 

9 (69) 

1 (100) 


Cancer Stage Clinical Status 


0 
71 (76) 


18 (29) 
42 (51) 


4 (31) 
0 


*Rec indicates recurrence; and NED, no evidence of disease. 


specific [C-negative, while 23 patients (24%) were 
antigen-specific IC-positive. One hundred five (62%) 
stage II and stage III patients were antigen-specific 
IC-positive in contrast to 64 (38%) antigen-specific IC- 
negative patients. By x? analysis, a highly significant cor- 
relation exists between the stage of disease and the pres- 
ence or absence of antigen-specific IC (P<.0001). 


Sensitivity, Specificity, and Predictive Value 
of Antigen-Specific IC Analysis and Development of 
Recurrent Disease 


Table 2 summarizes the results of antigen-specific IC 
analysis and recurrent melanoma. Fifty-five (71%) of the 
77 patients who developed recurrent melanoma were 
positive for antigen-specific IC, while 22 (29%) antigen- 
specific IC-negative patients developed recurrent dis- 
ease. The single stage I patient who developed a recur- 
rence was antigen-specific IC—positive. The mean time to 
recurrence in patients who were antigen-specific IC- 
positive was 5 months (range, 1 to 16 months) and in pa- 
tients who were antigen-specific IC-negative, 3 months 
(range, 1 to 14 months). One hundred thirteen (84%) of 
135 patients who were antigen-specific IC—negative have 
remained free of recurrent melanoma. In contrast, 55 
(47%) of 118 patients who had at least one postoperative 
serum sample positive for antigen-specific IC developed 
recurrent melanoma during the follow-up period. Fifty- 
five (71%) of 77 patients who developed recurrent mela- 
noma were positive for antigen-specific IC, and 113 (64%) 
of 176 patients who have remained disease-free were 
antigen-specific [C—negative. 


COMMENT 


We previously developed a sensitive and reproducible 
methodology to identify antigen-specific IC recognized by 
the monoclonal antibody MAb JSI and demonstrated that 
the antigen-specific ICs, captured in our assay, were as- 
sociated with human melanoma.” In the current investi- 
gation, we used identical methodology to prospectively 
analyze serum obtained from patients with melanoma 
following surgical treatment to determine the potential 
value of antigen-specific IC recognized by MAb JSI in 
predicting the development of recurrent melanoma. Our 
results indicate a high negative predictive value for 
antigen-specific IC analysis and lend further support to 
the concept that antigen-specific IC analysis may be use- 
ful in identifying patients at particularly high risk of de- 
veloping recurrent melanoma. 

Human melanoma is recognized as having a complex 
and highly heterogeneous antigenic composition. It is 
well documented that melanoma cells either shed or se- 
crete antigens, some of which are immunogenic and re- 
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sult in th= formation of circulating ICs. Although antigen 
nonspecific assays have been demonstrated to have little 
use in monitoring cancer,’ increasing evidence in our lab- 
oratory has suggested that antigen-specific IC analysis 
has potential utility to monitor tumor activity.*’° Initially 
using po yclonal serum as the antibody source, we dem- 
onstratec that serial analysis of antigen-specific IC may 
have utility in monitoring the course of human mela- 
noma. We subsequently developed the murine mono- 
clonal an-ibody MAb JSI and developed a sandwich assay 
to reprocucibly detect antigen-specific IC. 

Numerous clinical and pathologic features of mela- 
noma have been shown to have prognostic value. Clark’s 
method øf microstaging the tumor along with a number 
of clinical features has been shown to have prognostic 
value in both the probability of regional node metastases 
and surv val in patients with localized melanoma.'*” The 
thickness of the tumor offers similar prognostic informa- 
tion, but is simpler and probably a more accurate index of 
likely outcome.'** For patients with regional node me- 
tastases, the number of tumor-containing lymph nodes, 
tumor thickness, and the presence or absence of ulcer- 
ation im the primary lesion significantly affect 
survival. 7+% Although the prognosis for patients with 
disseminated melanoma is extremely poor, the site of 
metastatic involvement and the number of metastatic sites 
are important prognostic variables.” Within these well- 
defined clinical and histologic prognostic parameters, any 
additional predictive information should be able to iden- 
tify patients presumably at low risk of developing recur- 
rence (stage I patients with melanoma) who will develop 
recurrenze, and identify patients presumably at high risk 
of developing recurrence (surgically treated stage II and 
III patierts) who have a low probability of actually devel- 
oping re-urrent disease. 

Patien-s with melanoma who are antigen-specific IC- 
negative appear to be at a lower risk of developing recur- 
rent melanoma than those who are antigen-specific IC- 
positive. Of patients with localized melanoma (stage I), 
only one patient developed recurrent melanoma and this 
patient was positive for antigen-specific IC. Twenty-two 
patients at this follow-up have not developed recurrent 
disease cespite being positive for antigen-specific IC. This 
may represent a significant number of false-positives, but 
the natu-al history of this disease is recognized to extend 
over many years, and it is not unreasonable to presume 
that more of these patients will eventually develop recur- 
rent melanoma. Obviously, further follow-up is necessary 
to determine this. 

In con-rast, patients at high risk of developing recurrent 
melanoma (stage II) who are antigen-specific IC-negative 
are at z lower risk than their counterparts who are 
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antigen-specific IC—positive for the development of re- 
current melanoma. Seventy percent of stage II patients 
who were antigen-specific [C-negative remained free of 
disease. However, 42% of stage II patients who were 
antigen-specific IC-positive had not developed clinical 
recurrence at the median follow-up of 25 months of this 
study. It is anticipated that approximately 70% of patients 
with regional node metastases (stage II) will develop re- 
current melanoma within the first 24 months following 
surgical treatment.” However, a substantial number of 
patients will eventually develop evidence of recurrent 
melanoma with longer follow-up. Although our assay 
might be expected to include nonspecific capture of free 
immunoglobulin or idiotype anti-idiotype complexes, this 
seems unlikely since we have previously demonstrated 
that normal serum, melanoma serum containing free an- 
tibody, and serum from patients with active autoimmune 
disease did not possess any reactivity in our sandwich 
assay." A median follow-up of only 25 months may not 
be sufficient to determine the eventual number of patients 
who will develop recurrence. The significance of the ap- 
parently “false-positives” will be clarified with continued 
follow-up. 

An ideal tumor marker, in addition to having a high 
degree of sensitivity and specificity, should directly cor- 
relate with the volume of tumor present. The formation 
of IC is related to the level of circulating antigen and an- 
tibody. Because fluctuations in the amount of either cir- 
culating antigen or antibody could lead to either antigen 
or antibody excess and potentially diminished IC levels, 
it is unlikely that antigen-specific IC analysis will directly 
correlate with tumor volume. However, our increasing 
experience with this approach to monitoring melanoma 
suggests this to be a relatively minor problem since only 
16% of antigen-specific IC-negative patients developed 
recurrent disease. As with the apparent “false-positives,” 
a median follow-up cf only 25 months is probably not 
sufficient to determine the eventual number of patients 
who will develop recurrence and may lead to increasing 
numbers of false-negatives. 

Interestingly, the mean time to recurrence of patients 
who were IC-positive was 5 months, and for those 
IC-negative patients who developed recurrence, only 3 
months. It might seem somewhat paradoxical that those 
IC-negative patients who developed recurrence may do 
this more rapidly than their IC-positive counterparts. It 
should be recognized, however, that shedding or secre- 
tion of the antigen recognized in our assay may have no 
correlation with the biologic behavior of melanoma. 

In this investigation, seram was obtained from pa- 
tients with melanoma following surgical treatment of 
disease and analyzed for the presence of antigen- 
specific IC. The antigen recognized in this assay has 
been partially characterized and appears to have a mo- 
lecular weight of approximately 35000 d. Our results, 
at a median follow-up of 25 months, indicate that pa- 
tients with melanoma who are antigen-specific IC- 
negative have a low probability of developing recurrent 
disease. In contrast, 71% o? patients who develop re- 
current melanoma are antigen-specific IC-positive. Al- 
though the positive predictive value of antigen-specific 
IC analysis at approximately 2 years of follow-up is 
only 47%, this may represent a preliminary result that 
could be anticipated to improve with continued follow- 
up. Antigen-specific IC analysis appears to have poten- 
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tial use in predicting the development of recurrent mel- 
anoma. Ht is our belief that continued refinement of 
this approach will lead to clinically useful methodology 
to monitor human melanoma. 
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Discussion 


DANIEL G. Cor, MD, New York, NY: Do you know any- 
thing mere about the nature of the antigen? You have classi- 
fied its size, but do you know anything more about its na- 
ture? Second, you have shown us the reactivity of this 
antibody with three cell lines. Is this present on all tumors or 
metastas2s, or is it present only selectively? Does its pres- 
ence, therefore, in predicting recurrence only correlate with 
its presence on tissue slides? 

JAMES P. NEIFELD, MD, Richmond, Va: How many patients 
have you followed up with serial assays? Have you found it 
predictive in more than the one patient you showed? 

DR WONG: The antigen has a molecular weight of approxi- 
mately 35000 daltons. It is heat labile and has been demon- 
strated to be sensitive to both protease and trypsin. For this 
reason, it appears to be a protein. Currently, we are attempt- 
ing to done the gene that encodes for this antigen and, 
hopefully, we will be able to report these studies to the 
society mext year. We have a partial sequence at this point in 
time, bu= we have not proven that this cloned gene, in fact, 
encodes for our antigen. We have not routinely studied fresh 
tissue tc determine antigen expression. The studies that I 
showed -o you were cells that had been grown in culture. We 
have had difficulty working with fresh tumor tissue and, for 
this reason, I have not shown any data from that source. 

Of the 253 patients that we have followed up, 77 have 
recurred One hundred eighteen patients have been shown to 
be antigen-specific immune complex-positive and of these 
patients, 55 have recurred at this point in time. This gives us 
a positiv> predictive value of 47% at a median follow-up of 25 
months. Conversely, 71% of patients who have recurred are 
antigen-specific immune complex-positive. Only 29% of those 
who have recurred, therefore, are not antigen-specific im- 
mune ccomplex—positive. 
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Detection of Submicroscopic Lymph Node Metastases 
in Patients With Melanoma 


Richard Heller, PhD; Jeanne Becker, PhD; Joseph Wasselle, MD; Paul Baekey, MD; 
Wayne Cruse, MD; Karen Wells, MD; Charles Cox, MD; Bonnie King; Douglas S. Reintgen, MD 


è A cell culture technique was developed to investigate 
submicroscopic lymph node metastases in patients with 
stage 1 or 2 malignant melanoma. Lymph nodes were iso- 
lated from standard dissections and bivalved. Half of the 
node was evaluated by routine histopathologic examina- 
tion, while the other half was processed and placed into tis- 
sue culture. Three hundred twenty-three lymph nodes were 
collected from 41 patients. The cell culture technique iden- 
tified 155 of 323 lymph nodes containing micrometastases, 
while only 20 of 323 lymph nodes tested positive with rou- 
tine histochemical processing. Nine patients were upgraded 
from stage 1 or 2 to stage 3 disease after micrometastases 
were identified in lymph node cultures. Identification of 
melanoma was confirmed by cytologic examination, im- 
munohistologic staining. and the presence of GD3 ganglio- 
side and 250-kd glycoprotein melanoma-associated anti- 
gens. Thisstudy provides evidence that the culture of lymph 
nodes is a sensitive method for the detection of microme- 
tastases. In addition, this procedure may change prognosis 
and identify candidates for adjuvant therapies. 
(Arch Surg. 1991;126:1455-1460) 


i tis well recognized that the survival rates of melanoma 

patients are significantly Gecreased when there is re- 
gional lymph node mvolvement. Clinicians continue to 
struggle with the fact that some cancer patients suffer re- 
currences and succumb to their disease despite good 
prognostic factors based on characteristics of their pri- 
mary tumor. Several authors have suggested that unde- 
tected micrometastatic disease might account for this un- 
favorable outcome.'* It has been well documented that 
serial sectioning of lymph noces can increase the detec- 
tion of metastatic disease in up to 24% of cases; however, 
this method is very time-consuming and expensive*’ and 
is probably not applicable to the community hospital set- 
ting. In other studies, immunohistochemical techniques 
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have increased micrometastatic detection by 15% .® Most 
recently, Schurman et al” reported that cytocentrifuga- 
tion of lymph nodes in combination with immunohis- 
tochemical staining resulted in a 35% greater yield than 
standard hematoxylin-eosin staining in patients with 
breast cancer. This report describes a novel cell culture 
technique developed in our laboratory for the detection of 
submicroscopic lymph node metastases in patients with 
malignant melanoma. 


MATERIALS AND METHODS 
Lymph Node Sampling 


Lymph nodes were obtained from pathologic specimens of 41 
consecutive patients who underwent prophylactic regional 
lymph node resections at the University of South Florida Mela- 
noma Treatment Center, Tampa. All patients had nonpalpable 
disease by clinical assessment and had primary tumor thick- 
nesses between 0.76 and 4.0 mm. Lymph nodes from pathologic 
specimens were aseptically dissected and individually num- 
bered. The nodes were then bivalved using a separate scalpel 
blade for each lymph node. Half of each bivalved node was sent 
to the pathology department for routine histologic examination, 
while the other half was cultured in vitro. 


Lymph Node Culture Technique 


Individual nodes for cell culture were disrupted into single-cell 
suspension by gently scraping with sterile individual scalpels to 
prevent cross-contamination and placed in six-well culture 
plates with 5 mL of Dulbecco’s modified Eagle’s medium. Each 
node was numbered to correspond with the lymph node section 
sent for routine pathologic examination. The plates were then 
cultured at 37°C in 5% carbon dioxide in air. After 24 to 48 hours 
in culture, nonadherent cells were removed by gentle pipetting. 
The adherent cells were supplied with fresh culture medium ev- 
ery 5 days. The wells were scored for growth weekly. Confluent 
wells were scraped with a rubber policeman and placed into 
25-cm? culture flasks. The cultured cells were subcultured into 
additional 25-cm? flasks when they became 90% confluent. Sam- 
ples of 1 x 10° cells were harvested, washed, and centrifuged into 
pellets, placed into paraffin blocks, and submitted to the pathol- 
ogy department for histochemical and immunological staining. 


Routine and Immunohistochemical Staining 


Paraffin seetions were stained with hematoxylin-eosin for cy- 
tologic analysis. Monoclonal antibodies against S-100 protein 
(Dakopatts, Denmark), HMB-45 melanoma antigen (BioGenex 
Laboratory, San Ramon, Calif), vimentin, leukocyte common 
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Fig 1.—Primary growth of melanoma cells in culture from a lymph 
node negative for metastases by histologic examination (phase 
contrast, original magnification, X 200). 


antigen, and keratin were used on deparaffinized sections to 
determine melanoma growth. Results were compared with 
standard controls. 


Determination of Tumor-Associated Antigen Expression 


Confluent monolayers of tumor cells were removed from the 
flasks by gentle scraping and washed by centrifugation with 
phosphate-buffered saline containing 2% fetal bovine serum. 
The cell suspension was adjusted to a concentration of 9 x 10° 
cells per milliliter. One milliliter of this suspension was placed 
into a 15-mL polystyrene tube and centrifuged. The supernatant 
fluid was decanted, and 15 wL of either undiluted melanoma 
monoclonal antibody 1 (MEL-1, a murine monoclonal antibody 
to GD3 ganglioside present in 75% of all melanomas) or 
melanoma monoclonal antibody 2 (MEL-2, a murine monoclonal 
antibody to the 250-kd surface glycoprotein present in 90% of all 
melanomas) was added, followed by a 30-minute incubation at 
room temperature. The cells were then washed three times with 
phosphate-buffered saline/fetal bovine serum. Fifteen pL of goat 
anti-mouse IgG F(ab)*-fluorescein isothiocyanate was used to 
resuspend the pellet, and the suspension was incubated for 30 
minutes at room temperature. After being washed three times, 
the cells were fixed in 1.0% paraformaldehyde. As a negative 
control, tumor cells were exposed only to the IgG F(ab)*- 
fluorescein isothiocyanate antibody preparation. Binding, as in- 
dicated by the percentage of cells exhibiting fluorescence at 
490 nm, was determined by flow cytometry. Results were com- 
pared with the expression of tumor-associated antigen by an es- 
tablished melanoma line, DM6. 


RESULTS 


Three hundred twenty-three lymph nodes were isolated 
from the pathologic specimens of 41 patients with clinical 
stage 1 or 2 melanoma. One hundred fifty-five (48%) of 
these 323 lymph nodes were found to contain tumor by the 
cell culture technique. Cell growth was observed within 1 
to 3 weeks and was characterized by clonal growth from 
an initial single cell (Fig 1). Cultures were considered neg- 
ative if there was no growth after 6 weeks or if the cells 
grown did not react with the specified monoclonal anti- 
bodies. Only 20 (6%) of the 323 nodes were found to con- 
‘tain metastatic deposits by routine pathologic evaluation 
„(Table 1). Eighteen (90%) of the 20 lymph nodes with 
pathologically confirmed metastases showed positive re- 
sults in culture. Two of the lymph nodes were found to be 
positive by pathologic examination but negative by the cell 
culture technique. In all patients who were found to have 
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§Pescentage of patients with recurrences after undergoing lymph 
node dissection. 


oO nr dandkWr’ AAA HA BH 
© o..6 :- 2 m. t © 60 6.6 ©. a. -a°a oo o-oo. oo Ww Oo SS. @. @,'o oc, oc a Oo Oo 2. Oo aO WN. NH | = Ww 


-à 
=} 


7 
9 
5 
8 
f. 
0 
0 
0 
5 
0 
9 
0 
6 
0 
0 
0 
8 
0 
0 
4 
0 
0 
0 
0 
0 
3 
0 
0 
9 
0 
0 
0 
0 





Submicroscopic Lymph Node Metastases —Heller et al 





È | 


| ANE a., 
Fig 2.— Photomicrograph of cell culture growth from a patient with 
lymph nodes negative for metastases. Note pleomorphic cells with 
large atypical nuclei and promirent nucleoli. Pigment may be vis- 
ible (hematoxylin-eosin, original magnification x 400). 


positive lymph nodes by both routine pathologic exami- 
nation and cell culture, a greater number of lymph nodes 
were found to contain tumor using the cell culture tech- 
nique than by routine processing. 

Cultured specimens submitted for pathologic evalua- 
tion were considered malignant based on their anaplastic 
appearance, atypical nuclear morphologic characteristics, 
and prominent nucleoli. Figure 2 demonstrates the cyto- 
logic appearance of the malignant growth. The cells 
grown in culture were uniformly positive for S-100 protein 
(Fig 3), while 20% were positive for HMB-45. The major- 
ity of these cells were also positive for vimentin and 
weakly positive for keratin. All samples were negative for 
leukocyte common antigen. 

Cell cultures were evaluated for the presence of 
melanoma-associated antibodies. Expression of GD3 gan- 
glioside ranged from 20% to 92%. Staining for 250-kd gly- 
coprotein was positive in 47% to 74% of the cells (Fig 4). 
Expression of GDS ganglioside in the DM6 cell line ranged 
from 71% to 90%, and staining for 250-kd glycoprotein 
ranged from 66% to 80%. 

Twenty-nine patients (71%) had negative results on as- 
sessment of nodal status by routine histopathologic 
examination. Occult nodal metastases were exhibited in 
nine (31%) of these patients after the same nodes were 
evaluated with the culture method (Table 2). This resulted 
in an upgrade in tumor staze from stage 1 or 2 to stage 3 
in these nine patients. With a mean follow-up of 18 
months, three (33%) of the nine patients whose lymph 
nodes were negative for metastases on histologic exami- 
nation but positive cn cell culture had recurrence of dis- 
ease. Seven of the 12 patients who were found to have 
lymph nodes positive for metastases by both histopatho- 
logic examination and culture also had recurrences. In 
addition, no patient whose lymph modes were negative 
for metastases by cell culture had a recurrence in the 
follow-up period, implying a clinical correlation. 


COMMENT 


The incidence of malignant melanoma has increased 
steadily over the past 50 years. In 1930 it was estimated 
that one in 1500 people weuld develop melanoma some 
time in their lifetime. In 1990, this figure had risen to one 
in 150.” During the same period, the treatment for stage 
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melanoma antigen cultured cells (original magnification X 400). 
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Fig 4.—AM culture-positive wells showed a consistent percentage of 
cells staining positive for the melanoma-associated antigens GD3 
ganglioside and 250-kd glycoprotein compared with the control 
DM6 melanoma cell line. A through C, Patient profiles: A, Back- 
ground fluorescence. B, Staining with GD3 ganglioside. C, Staining 
with 250-kd glycoprotein. D through F, DM6-positive control stain- 
ing: A, Background fluorescence. B, Staining with GD3 ganglioside. 
C, Staining with 250-kd glycoprotein. 


1 and 2 melanoma remained relatively constant, consist- 
ing of excision of the primary tumor with clear margins. 
The prognosis for stage 1 and 2 disease or disease 
confined to the skin is determined by tumor thickness and 
the presence or absence of primary tumor. 
Based on these factors, prophylactic region] | 
dissections are currently recommended fot 
melanomas of intermediate thickness, 3 
tween 0.76 and 4.0 mm.” Patients reporte 
nodes negative for metastases after such 
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these patients with lymph nodes negative for metastases 
will die of recurrent disease within 5 years." The discrep- 
ancy between expected and observed outcome may be 
due to the presence of unrecognized disease at the time 
of surgical staging, specifically, micrometastatic disease in 
the lymph nodes. 

Regional lymph node metastasis is thought by many 
investigators to be the initial sign of systemic disease, and 
patients with stage 3 disease are encouraged to receive 
either adjuvant immunotherapy or chemotherapy, de- 
pending on the number of positive lymph nodes.'*"* We 
have shown that nine patients without apparent lymph 
node involvement by routine pathologic evaluation could 
be reclassified as having stage 3 disease after lymph node 
culture studies. Three of these patients had recurrence of 
disease within 18 months, suggesting that these findings 
are clinically relevant. Furthermore, of the 10 patients 
who had lymph nodes positive for metastases on both 
routine pathologic examination and cell culture, seven 
had recurrences in the same 18-month period. These re- 
currences illustrate the importance of detecting nodal 
disease. The presence of disease in the lymph nodes is an 
important criterion for adjuvant therapy. 

Adjuvant therapies for melanoma patients include both 
immunotherapy and chemotherapy.'*”* The decision to 
use these treatments is based on the number of positive 
lymph nodes the patient has. Active immunotherapy is 
perscribed for patients with one to three positive lymph 
nodes.'*!” Patients with four or more positive lymph 
nodes receive 6 months of adjuvant chemotherapy.” 
Therefore, to assign patients to treatment groups, it is 
important to determine the presence or absence of nodal 
disease. A more sensitive technique that can detect occult 
disease, such as the cell culture method, would be useful 
in identifying patients who would benefit from these ad- 
juvant therapies. 

For the cell culture technique to be considered a valid 
method of detecting occult disease, the possibility of 
false-positive results had to be addressed. We used sev- 
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eral criteria to identify the cultured lymph node cells as 
malignant melanoma cells. Initial morphologic observa- 
tions were confirmed by immunohistochemical examina- 
tion and flow cytometry. Several monoclonal antibodies 
were employed to rule out other possible cells, such as 
macrophages, Langerhans cells, or interdigitating reticu- 
lum cells. Anti-S-100 protein antibody does react with 
these other cell types; however, it does stain 99% of mel- 
anomas.’””? Antibody against HMB-45,*** while more 
specific for melanoma, only stains 50% of melanomas. 
Additional antibodies were used to confirm the presence 
of melanoma cells. These were monoclonal antibodies 
against two melanoma-associated antigens, GD3 gangli- 
oside and 250-kd glycoprotein.*” The presence or ab- 
sence of these melanoma antigens was determined by 
flow cytometry. Contaminating cells, such as lympho- 
cytes, fibroblasts, endothelial cells, and macrophages, 
show nc staining with these two monoclonal antibodies 
and could be ruled out. 

Cell cultures obtained from lymph nodes were consid- 
ered positive for melanoma only after all the above crite- 
ria were met. Using both cytology and immunohis- 
tochemical examination, false-positive results could be 
eliminated. In addition, all of our samples stained positive 
for vimentin, which is an intermediate filament protein 
found in all melanoma cells. Positive keratin staining, al- 
though not classically associated with melanoma, has re- 
cently been described in malignant melanoma.” Leuko- 
cyte common antigen was used as a negative control. 

Use of the cell culture technique with the 41 patients in this 
study yielded four groups of patients: (1) positive on both 
pathologic examination and culture; (2) positive on patho- 
logic examination, negative on culture; (3) negative on 
pathologic examination, positive on culture; and (4) negative 
on both pathologic examination and culture (Table 2). Group 
2 contained only two patients, each of whom had one pos- 
itive lymph node. The positive lymph node from one of these 
patients was necrotic, which contributed to its inability to 
grow in culture. The high percentage of patients in group 4 
(49% ) illustrates that the results observed in this study are not 
just an artifact of the culture technique. Clinical follow-up of 
these 41 patients during the 18 months preceding this report 
suggests that these results are clinically relevant. Recurrence 
of disease in patients with lymph nodes negative on histo- 
logic examination has only been observed, so far, in patients 
with lymph nodes positive by culture. In addition, no patient 
with lymph nodes negative by culture has had a recurrence. 
These observations suggest, furthermore, that the identifi- 
cation scheme being used has eliminated most, if not all, 
false-positive results. In addition, these results add evidence 
to the belief that occult disease is involved in recurrences in 
patients with lymph nodes negative for metastases. 

The ability to recognize occult disease in patients who 
have an initial diagnosis of no disease in the lymph nodes 
by routine histopathologic examination may contribute to 
decreasing the number of recurrences in this population. 
This could be accomplished by identifying patients who 
are candidates for adjuvant therapies that decrease recur- 
rence rates and increase survival rates.'*'* Although the 
results we present suggest that this cell culture technique 
could fillthis need, the procedure also has some disadvan- 
tages. Drawbacks include the cost of performing a cell cul- 
ture and the cost of the monoclonal antibodies used for the 
identification, although this cost is estimated to be lower 
than for serial sectioning. An additional drawback is that 
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as much time as 4 to 6 weeks could be needed to culture 
and identify the cells, although, ordinarily, adjuvant ther- 
apies are not begun for 2 to 4 weeks to allow the surgical 
wounds to heal. Other methods suffer from similar prob- 
lems. For example, it has been known for a number of 
years that serial sectioning of lymph nodes can increase 
the yield of positive micrometastases identified.*” How- 
ever, no major cancer center currently employs routine se- 
rial sectioning because of the cost and time involved. The 
problems with the culture technique may be considered 
minor if this method proves useful in helping to improve 
the quality and length of a patient's life by allowing for 
more accurate detection of metastatic disease. Further- 
more, if this study is extended, the procedures may be im- 
proved or altered to make the process more efficient. 

The cell culture technique developed during this study 
offers a more sensitive method to determine metastatic 
disease to regional lymph nodes than routine histologic 
examination. Evaluation of lymph nodes by this tech- 
nique could lead to changes in prognosis if tumor stage is 
increased and to the identification of patients who might 
benefit from adjuvant or more aggressive therapies. This 
procedure has also proved useful in examining the role of 
occult disease in the progression of the malignant neo- 
plasm. Future studies will use the culture cells to begin to 
examine other features of these malignant ¢ells, such as 
their karyotype. Other studies have also been started to 
determine whether this culture technique could be useful 
in detecting occult disease in the regional lymph nodes of 
patients with breast or colon cancer. 


The melanoma cell line DM6 was supplied by Hilliard F. Siegler, 
MD, Duke University, Durham, NC. 
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Discussion 

MATTHEW N. HARRIS, MD, New York, NY: We have had ex- 
tensive experience with malignant melanoma at the New York 
University Medical Center. I think that if one wants to find a ra- 
tionale finally in the constant battle between elective lymph node 
dissection and no elective lymph node dissection, it seems to me 
this might be one of the factors in favor of elective lymph node 
dissection. We have always felt that lymph node dissections with 
negative nodes may indeed be removing nodes which are sub- 
microscopically positive. It has never been proven, and I think 
this elegant work at least gives us some idea that it may be true. 
One thing that might be very interesting, and it would be diffi- 
cult to do, is to perform elective lymph node dissections on pa- 
tients with lesions less than 0.76 mm in thickness and see if they, 
too, have submicroscopic metastases. We know clinically that 
those patients do extremely well, being in the 95% to 100% sur- 
vival rate group. It would be interesting to see what is the real 
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clinical significance of submicroscopic metastases in patients 
with so-called “thin” melanomas. 

DONALD L. MORTON, MD, Los Angeles, Calif: Although I am 
absolutely convinced that some of the cells you show here are 
melanoma cells, somehow it just doesn’t ring true that such a 
high percentage of people with clinically negative nodes would 
have tumor cells in so many of their lymph nodes. I am very 
suspicious that you may be misclassifying as melanoma cells the 
Langerhans cell, a dendritic cell that’s found in lymph nodes, 
which stains with antibody to S-100 and GD3. So, I would really 
like to see you look at each of these cells by electron microscopy 
to find out if there are melanosomes there, because that would 
be an unequivocal criterion for a melanoma cell. I would be in- 


terested, as you enlarge your series, whether you continue to 
find such a high percentage of positives. 

DR WASSELLE: I agree fully with Dr Harris’ comment concern- 
ing the elective lymph node dissections. And, yes, it would be 
very interesting to look at patients who had tumor thickness of 
less than 0.76 mm and who had lymph node dissections. If you 
go back to the chart of the 19 patients, of the first 10, there were 
only four patients who had pathologically negative nodes; the 
other six patients had one or two nodes that were counted pos- 
itive from pathology. In fact, there were only four patients in 
whom the staging was increased from stage 1 to stage 2. Dr 
Morton, we do plan to do electron microscopy on these cells to 
look at that very specific question. 


Invited Commentary 


This provocative report from the laboratory of Dr Reintgen 
is a significant addition to investigations of the biology of 
malignant melanoma. There is little question that patients 
with clinical stage I malignant melanoma have a higher inci- 
dence of submicroscopic lymph node metastases than is de- 
tectable by hematoxylin-eosin staining on routine pathologic 
examination. Cochran et al’ demonstrated this fact by using 
immunohistochemical techniques to study the lymph nodes 
of patients found to be negative for micrometastases by rou- 
tine hematoxylin-eosin pathologic examination. An addi- 
tional 14% incidence of micrometastases was detected by the 
more sensitive immunohistological techniques. Heller and 
associates report that 22% of patients who demonstrate no 

lymph node metastases by routine pathologic examination 
are found to have melanoma cells in these lymph nodes by 
cell culture techniques. The authors are to be congratulated 
for their adeptness in culturing melanoma cells from small 
tissue specimens. 

Because they provide no information on the Breslow 
thickness of the patients in this series, however, it is 
difficult to comment on the expected incidence of lymph 
node metastases in the 41 patients with clinical stage I 
cutaneous melanoma who had nonpalpable lymph nodes. 
The very high percentage of micrometastases they report 
in patients with nonpalpable regional lymph nodes makes 
one question the results. In addition to the nine patients 
(22%) with micrometastases detected by cell culture, 12 
(29%) of the 41 patients were also found to have microme- 
tastases to the regional lymph nodes by standard patho- 


logic examination, bringing the total to 21 patients (51%). 
This is much higher than the incidence of recurrent dis- 
ease in the regional lymph nodes of patients treated with- 
out regional lymphadenectomy; only 20% to 30% of these 
patients have recurrences even after long periods of obser- 
vation. Furthermore, the high incidence of microme- 
tastases detectable by culture techniques must be regarded 
with suspicion because of the difficulty of ascertaining that 
those cells in tissue culture characterized as melanoma by 
cytologic examination, immunohistological staining, and 
the presence of GD3 ganglioside or 250-kd glycoprotein 
melanoma-associated antigens are, in fact, melanoma. For 
example, interdigitating dendritic cells, which present an- 
tigen, are found in lymph nodes. Because these cells also 
stain with anti-S-100 protein antibody, they might be mis- 
classified as melanoma. Other criteria for identifying mel- 
anoma eells growing in culture, such as the presence of 
melanosomes by electron microscopy, growth in soft agar, 
and growth on transplantation into nude mice, might pro- 
vide unequivocal proof that the cells are melanoma. 

This preliminary report is an interesting addition to our in- 
vestigational tools to evaluate the presence of microme- 
tastases in melanoma. It will require follow-up to determine 
whether such a high percentage of positive lymph nodes 
continues as the series is enlarged. 

DONALD L. MorTON, MD 
John Wayne Cancer Institute 
Santa Monica, Calif 
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@ Controversy exists as to whether microscopic satellites in- 
fluence prognosis or patterns of progressive disease in patients 
with clinical stage | melanoma. Fifty patients with clinical stage 
| melanoma and microscopic satellites were prospectively 
studied from 1972 to 1984. To allow for complete histopathol- 
ogy assessment, 30 patients with microscopic satellites who 
were prospectively seen from 1972 to 1979 were matched to 
a cohort of 77 patients with vertical growth—phase melanoma 
without microscopic satellites according to six attributes. The 
matched cohort study showed that the presence of micro- 
scopic satellites appeared to be associated with increased local 
ional cutaneous and regional nodal disease and a signifi- 
cantly decreased actuarial disease-free survival. A Cox multi- 
variate regression analysis that involved 384 patients with ver- 
tical growth—phase clinical stage | melanoma showed that the 
presence of microscopic satellites independently predicted a 
poorer disease-free survival and overall survival. Therefore, 
this study demonstrated that the presence of microscopic sat- 
ellites correlated with a significantly decreased survival. 
(Arch Surg. 1991;126:1461-1468) 


M elanoma accounts for approximately 1% of all can- 

cers and cancer deaths in the United States annu- 
ally.’ The incidence of melanoma is rising with an appar- 
ent doubling every 10 to 15 years.* The increased 
incidence of melanoma has led to revitalized interest in its 
natural history and its pattern of metastasis. Individual 
patients with clinical stage I cutaneous melanoma have a 
highly variable clinical course, and management of these 
patients remains unsatisfactory. A variety of prognostic 
factors appear to correlate with survival and the risk of 
metastasis. Clark and colleagues’ initially described the in- 
verse correlation between the level of invasion of the pri- 
mary melanoma and patient survival. In 1970, Breslow** 
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established tumor thickness as a major determinant of sur- 
vival in malignant melanoma. Since then, a number of 
prognostic factors in malignant melanoma have been stud- 
ied, including anatomic site of the primary tumor, patient 
gender, tumor mitotic rate, ulceration, regression, and 
angiogenesis.*° Recently, Clark et al’ have assigned pri- 
mary melanomas within defined tumor progression steps 
by histologically determining their particular growth 
phase. These phases are the in situ and invasive radial 
growth phase and the vertical growth phase. The latter is 
defined as the focal formation of a dermal tumor nodule 
or dermal tumor plaque within the radial growth phase or 
such dermal growth without an evident radial growth 
phase. This histologic pattern is of paramount importance 
since Elder et al? showed that regardless of thickness or 
level, no tumor in the radial growth phase metastasized 
during follow-up periods of 7 years or longer. 

An analysis of the prognostic factors of melanoma is 
critical to identify important variables that can be used for 
making treatment decisions and for the design and eval- 
uation of clinical research trials. Prognostic variables can 
also categorize patients into different groups that may 
predict the risk and pattern for metastatic disease. 

Controversy exists as to whether the presence of 
microscopic satellites influence prognosis or patterns of 
progressive disease in patients with clinical stage I mela- 
noma. Microscopic satellites are defined as discrete nests 
of melanoma cells, greater than 0.05 mm in diameter, 
noncontiguous, and clearly separated from the main body 
of the tumor by normal reticular dermal collagen or sub- 
cutaneous fat. Since microscopic satellites are a relatively 
infrequent occurrence, they have not often been studied. 
Of 55 multivariate analyses of melanoma reported, only 
14 studies evaluated the presence or absence of micro- 
scopic satellites as a prognostic variable." Therefore, the 
purpose of this study was to determine the prognostic 
significance of microscopic satellites in patients with clin- 
ical stage I melanoma. 


PATIENTS AND METHODS 
Population 
Fifty patients with clinical stage I melanoma and microscopic 
satellites were prospectively studied by the Pigmented Lesion 
Study Group of the University of Pennsylvania, Philadelphia, 
between 1972 and 1984. To allow for complete histopathology 
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assessment, 30 patients with clinical stage I melanoma and mi- 
croscopic satellites who were seen between 1972 and 1979 with 
a minimum 10-year follow-up were matched to a cohort of 77 
patients with vertical growth—phase clinical stage I melanoma 
without microscopic satellites, according to six attributes that 
had been found" to predict independently prognostic informa- 
tion. These six attributes were tumor thickness, patient gender, 
anatomic site, tumor mitotic rate, presence or absence of tumor- 
infiltrating lymphocytes, and presence or absence of tumor re- 
gression. The histopathologic attributes were derived from 
independent study of the primary tumor by two pathologists as 
previously described." Disease-free survival and overall survival 
for these groups were computed according to the method of Ka- 
plan and Meier.” 

In a separate analysis, 624 incident cases of melanoma that 
were prospectively followed by the Pigmented Lesion Study 
Group of the University of Pennsylvania between 1972 and 1979 
were reviewed. Of these 624 cases, 384 were eligible for analysis 
based on the following criteria: patients were prospectively fol- 
lowed up with 10-year follow-up, clinical stage I disease, verti- 
cal growth-phase cutaneous melanoma, and definitive surgical 
excision to a clinically disease-free state. A set of 11 potential 
prognostic variables were assembled and evaluated for their 
usefulness in predicting disease-free survival and death from 
melanoma. These variables were used in a Cox regression 
analysis. 


Statistics 
Survival curves were calculated according to the method of 
Kaplan and Meier." Statistical comparisons of survival curves 
were done with the use of the Mantel-Cox log-rank test. Anal- 
yses by x”? were employed in statistical assessments, where ap- 
propriate. The multiple regression procedure, proposed by 
Cox,” was used in a multivariate analysis of prognostic factors. 


RESULTS 
Clinical Characteristics of Patients 
With Satellites, 1972 to 1984 


Fifty patients with microscopic satellites were prospec- 
tively studied between 1972 and 1984 (Tables 1 and 2). The 
median patient age was 58 years, with a male-female ra- 
tio of 34:16. The extremity—axial subvolar ratio was 20:30, 
and the median primary thickness was 3.38 mm. All pa- 
tients underwent wide surgical excision with either pri- 
mary closure (12%), skin graft (56%), flap (4%), amputa- 
tion (4%), or incontinuity resection (22%) that included 
regional lymph node dissection. The majority (60%) had 
surgical margins greater than 30 mm. Patterns of first 
metastasis (included a positive prophylactic regional 
lymph node dissection as a first metastasis or recurrence) 
were regional cutaneous in 12% (6/50), regional nodal in 
34% (17/50), visceral/bone in 26% (13/50), and no metasta- 
sis in 28% (14/50). Nine patients underwent adjuvant 
chemotherapy, and one patient underwent regional per- 
fusion. Twenty-two of these 50 patients underwent pro- 
phylactic regional lymph node dissections, of which eight 
cases were positive for metastatic disease. The sites of 
these 22 node dissections included cervical (18%), axillary 
(32%), and inguinal (22%). 


Microscopic Satellites vs Matched Cohort, 
1972 to 1979 


Table 3 outlines the clinical and histopathologic charac- 
teristics of the patients with microscopic satellites and 
their matched cohort who were seen between 1972 and 
1979. Table 4 documents the patterns of first metastasis 
(included a positive prophylactic regional lymph node 
dissection as a first metastasis or recurrence) within 


1462 Arch Surg—Vol 126, December 1991 


>E ss zE: 


Clinical Characteristics No. of Patients 
Median age, y 58 (minimum, 21; 
maximum, 95) 
Site 
Extremities 20 


Arma 6 
Thigh 4 
Leg 3 
Axial-subvolar 


Sca p-neck 

Fac=-ear 

Chest 

Abe omen 

Bacx 13 
Suevolar 3 


3.38 (minimum, 0.78; 
maximum, 11.20) 


Median tumor thickness, mm 


Prophylactic RLND 
Histobogically positive 
No. of nodes involved 


>3 
Histologically negative 
No prophylactic dissection done 
Site of dissection 


Cervical 
Axillary 


Inguinal 
Surgical treatment (closure) 


Prima-y closure 

Flap 

Skin graft 

IncontinuityTt 

Amputation 
Other therapy 


Regional perfusion 
Adjuvant chemotherapy 


Surgical margins, mm 


1-10 

11-20 

21-30 

31-40 

41-50 

>50 
Amputation 


Unknown 
Gender 


F 
M 


*RLND mdicates regional lymph node dissection. Number of pa- 
tients, incuding percentages for surgical margins, is given, except 
for median age and median tumor thickness. 

tinclud=s wide excision and RLND. 





10-year follow-up. Regional cutaneous metastases devel- 
oped in five (17%) of 30 patients in the satellite group 
compared with seven (9%) of 77 patients in the nonsatel- 
lite group. Regional node metastases (included positive 
regional lymph node dissections) occurred in 12 (40%) of 
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Site of First Recurrence No. (%) Median Time to Recurrence, mo 


16/50 (32) 
8/50 (16) 
9/50 (18) 

17/50 (34) 


14/50 (28) 

6/50 (12) 
17/50 (34) 
13/50 (26) 


*Includes a positive prophylactic regional lymph node dissection as a first metastasis or recurrence. A 
tRefers to first recurrence of melanoma following initial definitive surgical excision to a clinically disease-free state. 


First recurrence* None 
Local regional cutaneous 
Regional node 
Visceral-bone 


14 (minimum, 7; maximum, 39) 
10 (minimum, 2; maximum, 38) 
14 (minimum, 1; maximum, 109) 


First metastasist None 
Local regional cutaneous 
Regional node 
Visceral-bone 





Matched Cohort 


OT OF 


Median No. (%) 
77 


30 (39) 
47 (61) 


43 (56) 
34 (44) 


15 (19) 
43 (56) 
19 (25) 


Patients With Satellites 
—_—_—_—_—_—_—_Pr”?Prl_eenknkRn Y 


Attribute No. (%) 


Site Extremities 15 (50) 


Axial-subvolar 15 (50) 
Gender M i 18 (60) 
F + 12 (40) 
Thickness, mm <1.70 ; 2 (7) 


1.70-3.60 ; 13 (43) 
>3.60 15 (50) 


Mitotic rate/mm? <6.0 16 (53) 52 (68) 
>6.0 14 (47) 25 (32) 


TILs Brisk P 2 (7) . a 6 (8) 
Nonbrisk Bi, 10 (33) 33 (43) 
Absent 18 (60) 38 (43) 


Present 53205 6 (20) 14 (49) 
Absent ae 24 (80) 63 (82) 


*TILs indicates tumor-infiltrating lymphocytes. 


Regression 





Cohort, No. (%) 
| i ee E A 


Satellite Matched 


8/30 (27) 47/77 (61) 

7/30 (23) 7/77 (9) 

4/30 (13) 12/77 (16) 
11/30 (37) 11/77 (14) 


First recurrencet None 
Local regional cutaneous 
Regional node 
Visceral-bone 


Prophylactic RLND 


First metastasist 


Disease-free survival at 10 y 


Overall survival at 10 y 


*RLND indicates regional lymph node dissection. Data for survival are given as percentages. 


Yes 

No 
Positive 
Negative 


None 

Local regional cutaneous 
Regional node 
Visceral-bone 





39 
37 

7 
32 


42/77 (55) 
7/77 (9) 


6/30 (20) 
5/30 (17) 
12/30 (40) 18/77 (23) 
7/30 (23) 9/77 (12) 


27§ 60 


65 
37|| 


tRefers to first recur-ence of melanoma following initial definitive surgical excision to a clinically disease-free state. 
Includes a positive Drophylactic RLND as a first metastasis or recurrence. 

§P<.0001 vs matchec cohort, Mantel-Cox test. 

|| P= .002 vs matched cohort, Mantel-Cox test. 
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27385 FE 
, 


‘a ats 
> D dhg a] 
+ 
TU I5 


Microscopic satellites 
Present 


Absent 
Present 
Unknown 


Absent 
Present 
Unknown 


Absent 
Present 


Regression 


Ulceration 


Nodular growth 


Prophylactic RLND Histologically negative 
Histologically positive 


No prophylactic dissection 


Mitotic rate/mm? 0.0 
0.1-6.0 
>6.0 
Unknown 


Brisk 
Nonbrisk 
Absent 
Unknown 


Spindle, small, other 
Epithelioid 
Extremities 

Axial 

Subvolar 


Predominant cell type 


Anatomic site 


Gender 


Thickness, mm 


Overall 


30 patients in the satellite group compared with 18 (23%) of 
77 patients in the nonsatellite group. Actuarial survival 
(Kaplan-Meier method) at 10 years was 37% for the satellite 
cases and 65% for the nonsatellite cases (P = .002, Mantel- 
Cox test). Actuarial disease-free survival (Kaplan-Meier 
method) at 10 years was 27% for the satellite cases and 60% 
for the nonsatellite cases (P<.0001, Mantel-Cox test). 


Cox Multivariate Regression Analysis 


To identify prognostic factors that correlated with du- 
ration of disease-free survival and duration of overall 
survival in primary melanoma, a group of 384 cases of 
melanoma that were seen between 1972 and 1979 were 
studied. The clinical and pathologic parameters (Tables 5 
and 6), which included the presence or absence of micro- 
scopic satellites, tumor thickness, regression, ulceration, 
nodular growth, mitotic rate, tumor-infiltrating lympho- 
cytes, predominant cell type, anatomic site, patient gen- 
der, and prophylactic lymph node dissection, were eval- 
uated for their prognostic strength with the use of both 
univariate and multivariate analyses. The univariate anal- 
ysis revealed a disease-free survival of 67% and an over- 
all survival of 70% at 10 years for the 384 patients in the 
study. A multivariate analysis was performed to examine 
the prognostic factors that independently correlated with 
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*RLND indicates regional lymph node dissection; TILs, tumor-infiltrating lymphocytes. 


>. ae ; 





384 





disease-free survival and overall survival, while simulta- 
neously accounting for the contribution of the other fac- 
tors listed in Tables 5 and 6. A relative risk (RR) greater 
than 1 implied that the individual patient with that prog- 
nostic factor present had a poorer prognosis than a patient 
without that prognostic factor. The prognostic factors that 
indepencently correlated with disease-free survival in 
stage I melanoma included the presence of microscopic 
satellites, ulceration, and nodular growth; mitotic rate per 
square millimeter (0.1 to 6.0 and >6.0); the absence of 
tumor-intiltrating lymphocytes; and an axial-subvolar lo- 
cation (Table 7). A mitotic rate greater than 6.0/mm/? was 
associated with the greatest RR (RR=9.99, P<.0001). The 
presence of microscopic satellites was associated with an 
RR of 2.82 (P=.0003). The prognostic factors that inde- 
pendently correlated with overall survival in stage I mel- 
anoma included the presence of microscopic satellites, 
tumor regression, ulceration, and nodular growth; mitotic 
rate per square millimeter (0.1 to 6.0 and >6.0); a positive 
prophylactic lymph node dissection; the absence of 
tumor-infiltrating lymphocytes; and an axial-subvolar lo- 
cation (Table 8). As in disease-free survival, a mitotic rate 
of greater than 6.0/mm/? was associated with the greatest 
RR (RR=5.64, P=.0002). The presence of microscopic 
satellites was associated with an RR of 1.98 (P=.0212). 
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Regression 


Ulceration 


Nodular growth 


Prophylactic REND 


Mitotic rate/mm? 


Predominant cell type 


Anatomic- site 


Gender 


Thickness, mm 


Overall 


Mitotic rate/mm? 


Microscopic satellites 
Site 

Nodular growth 
Ulceration 


TILs 


>6.0 
0.1-6.0 
0.0t 


Presert 
Absen“t 


Axial-subvolart 
Extreritiest 


Present 
Absen-t 


Present 
Absenct 


Absent 
Presentt 


Absent 
Present 


Absent 
Present 
Unknown 


Absent 
Present 
Unknown 


Absent 

Present 

Histologically negative 
Histologically positive 

No prophylactic dissection 
0.0 

0.1-6.0 

>6.0 

Unknown 


Brisk 
Nonbrisk 
Absent 
Unknown 


Spindle, small, other 
Epithelioid 
Extremities 

Axial 

Subvolar 


9.99 
4.83 
1.00 


2.82 
1.00 


2.49 
1.00 


2.36 
1.00 


2:19 
1.00 


2.07 
1.00 


<.0001 
.0011 


.0003 
<.0001 
.0210 


.0002 


-0002 





*TILs indicates tumor-infiltrating lymphocytes. 


tReference category. 


+Axial-subvolar includes head, neck, trunk, volar, and subungual 


locations. 
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*RLND indicates regional lymp^ node dissection; TILs, tumor-infiltrating lymphocytes. 


Variable 


Mitotic rate/mm? 


Site 


Nodular growth 


TILs 
Prophylactic RLND 
Microscopic satellites 


Regression 


tReference category. 


FANM Liar “ 
Or Vv | ‘ 


: Overall Survival 
Attribute Category No. at 10 y, % P 


Microscopic satellites 





Relative 
Risk P 
>6.0 


0.1-6.0 
0.0t 


Axial-subvolart 
Extremitiest 


Present 
Absentt 


Absent 
Presentt 


Positive 
Negative/not donet 


Present 
Absentt 


Present 





+Axial-subvolar includes head, neck, trunk, volar, and subungual 


locations. 


Stage | Melanoma—Le6n etal 1465 





COMMENT 

Despite numerous studies that used multivariate tech- 
niques, there remain uncertainties about which prognos- 
tic factors to use in melanoma and how well we can pre- 
dict the course of this disease. Much has been written 
concerning the prognosis of patients with clinical stage I 
melanoma. However, little attention has been given to the 
prognostic implications of the presence or absence of mi- 
croscopic satellites. To our knowledge, Day et al'® were 
the first to show that the presence of microscopic satellites 
was associated with a poor prognosis. They noted that the 
5-year disease-free survival rate was 36% for patients with 
microscopic satellites in contrast to 89% for patients with- 
out satellites (P=4.3x10~*). They also demonstrated 
that the presence or absence of microscopic satellites was 
comparable with histologic ulceration in its additive 
prognostic effect to tumor thickness. In 1982, Day et al” 
tested 14 variables for their ability to predict visceral or 
bony metastases in patients with clinical stage I melanoma 
of intermediate thickness (1.51 to 3.99 mm) with 5-year 
follow-up. A Cox multivariate analysis yielded mitoses 
(>6/mm°), location other than the forearm or leg, ulcer- 
ation width greater than 3 mm, and microscopic satellites 
as variables that best predicted distant metastases for 
these patients. In 1984,” a multivariate logistic regression 
analysis was performed on 20 clinical and histologic vari- 
ables from prospectively studied patients with stage I 
melanoma who underwent elective regional lymph node 
dissection. Tumor thickness, the presence of microscopic 
satellites, and the elapsed interval between diagnosis and 
elective regional lymph node dissection were most highly 
associated with clinically occult regional lymph node me- 
tastases (P=1x107”). 

Fifty patients with microscopic satellites and clinical 
stage I melanoma were prospectively studied between 
1972 and 1984. All patients underwent wide surgical 
excision of their primary tumor with either primary 
closure, skin graft, flap, amputation, or incontinuity 
resection that included regional lymph node dissection. 
None of these patients received prophylactic chemo- 
therapy although nine patients did eventually undergo 
adjuvant chemotherapy and one patient underwent re- 
gional perfusion. Twenty-two of the 50 patients under- 
went prophylactic regional lymph node dissection. 
Eighty-six percent of these dissections occurred be- 
tween 1972 and 1979, reflecting changes in therapy 
between 1972 and 1984. 

In the first part of this study, we examined disease-free 
survival, overall survival, and patterns of first metastases 
with the use of a matched cohort method. To allow for 
complete histopathology assessment, 30 patients with 
microscopic satellites who were seen between 1972 and 
1979, with a minimum 10-year follow-up, were matched 
to a cohort of 77 patients with vertical growth—phase mel- 
anoma without microscopic satellites according to six at- 
tributes that were found in a previous report" to have in- 
dependently predictive prognostic information. These six 
attributes included mitotic rate per square millimeter, 
tumor-infiltrating lymphocytes, tumor thickness, ana- 
tomic site of primary melanoma, gender of the patient, 
and histologic regression. The presence of satellites cor- 
related with a significantly decreased (P<.0001, Mantel- 
Cox test) disease-free survival (60% vs 27%, at 10 years) 
and a significantly decreased (P= .002, Mantel-Cox test) 
overall survival (65% vs 37%, at 10 years). 
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Patterns of progressive disease were also examined. 
After initial resection of primary melanoma, patients 
may experience one or more of the following types of 
recurrences: (1) local and regional cutaneous me- 
tastases that includes local recurrence near the original 
scar and in-transit metastasis along the line of lymph 
drainage; (2) metastasis in regional lymph nodes; and 
(3) visceral or distant metastasis. Urist et al’? studied a 
series ef 3445 patients in Australia with clinical stage I 
melanema and found that the presence of microscopic 
satellites correlated with a greater frequency of local 
recurrence than those without microscopic satellites 
(14% vs 3%). In our matched cohort study, regional 
cutaneous metastasis developed in five (17%) of 30 
patients in the satellite group compared with seven 
(9%) of 77 patients in the nonsatellite group by 10 
years. Regional node metastases (including positive re- 
gional ymph node dissections) occurred in 12 (40%) of 
30 patents in the satellite group compared with 18 
(23%) of 77 in the satellite group by 10 years. There- 
fore, the presence of microscopic satellites in the 
matched cohort comparison appeared to be associated 
with an increase in local regional cutaneous and re- 
gional nodal disease, although the sample size was 
insufficient to document this effect statistically. 

Animportant limitation of matched-cohort analyses lies 
in the difficulty of simultaneously matching on multiple 
variables, especially when these may not be independent. 
Thus, eur satellite cohort had fewer cases in the low-risk 
categories of tumor thickness (<1.70 mm) and tumor- 
infiltraing lymphocyte response (brisk and nonbrisk) 
than the matched cohort (7% vs 19% and 40% vs 51%, re- 
spectively). Furthermore, it is evident that deciding on 
appropriate treatment of patients with melanoma and 
analyzimg results requires an understanding of the dom- 
inant factors that predict disease-free patient survival and 
overall survival. This information is important when an- 
alyzing results of surgical treatment or adjuvant therapy. 
To address these concerns, a Cox multivariate regression 
analysis of 11 attributes, including the presence or ab- 
sence of microscopic satellites, was used to evaluate 
which risk factors were independently associated with 
time tc recurrence and/or death. 

Ninety-seven percent (372/384) of the patients included 
in the second analysis had a minimum follow-up of 10 
years. Studies that evaluate the significance of prognostic 
factors that are limited to patients with less than 8 to 10 
years ef follow-up may yield a different set of variables, 
since tne higher-risk patients will have relapsed. Recur- 
rences from less aggressive melanomas usually take place 
more than 5 years after treatment.” Only patients with 
vertical growth-phase melanoma were included in this 
study. This is because radial growth-phase melanoma has 
been associated with lack of metastatic competence and 
100% survival." Radial growth—-phase melanoma usually 
fails to grow in culture and does not become established 
in nude mice; this finding is consistent with their inabil- 
ity to metastasize. In addition, Brogelli et al” and Elder et 
al?! showed that radial growth-phase cells have a differ- 
ent artigenic profile from that of cells from vertical 
growth—phase melanoma. Vertical growth-phase mela- 
noma represents melanoma with potential metastatic 
competence. The cells of the vertical growth phase may be 
placed into long-term culture with a 70% success rate and 
are tumorigenic in nude mice.” Inclusion of radial 
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growth—phase melancma in previous studies may have 
diluted or changed the results of these prior analyses. 

The attributes that were independently associated 
with a shortened disease-free survival in decreasing 
order of RR included (Table 7) mitotic rate (>6.0/mm*), 
mitotic rate (0.1/mm° to 6.0/mm/’), the presence of mi- 
croscopic satellites, axial-subvolar location, nodular 
growth, the presence of ulceration, and the absence of 
tumor-infiltrating lymphocytes. The attributes that 
were independently associated with a shortened over- 
all survival in decreasing crder of RR included (Table 
8) mitotic rate (>6.0/mm/’), axial-subvolar location, mi- 
totic rate (0.1/mm* to 6.0/mm/’), nodular growth, the 
absence of tumor-infiltrating lymphocytes, the presence 
of ulceration, a positive prophylactic nodal dissection, 
the presence of microscopic satellites, and the presence 
of tumor regression. The RR for microscopic satellites 
was approximately 2, similar to the ratio of survival 
between the matched-pair cohorts. Peculiarly absent 
from this list of independent prognostic variables is 
tumor thickness. Most other major studies that used 
multivariate analyses have established tumor thickness 
to be the most important prognostic factor for stage I 
melanoma.*** Most of the variables in our study, how- 
ever, derive their predictive ability by a secondary cor- 
relation with tumor thickness. Tumor ulceration was 
found to be a strong risk ‘actor in this study as it has 
in other clinical series.?™*757.28,30,32-34 Additional factors, 
analyzed by multiveriate analysis, that have emerged 
as important prognostic variables in this and other 
studies include anatomic location of the primary le- 
sion,” 78 tumor lymphocytic infiltrate,°** and tumor 
mitotic activity. 572833 

The results of this study demonstrate the prognostic 
value of assessing the presence or absence of microscopic 
satellites in the reticular dermis or subcutaneous fat. Mi- 
croscopic satellites may represent intraspecimen me- 
tastases, which may be an indication of the existence of 
extraspecimen metastases. Day et al” suggested that mi- 
croscopic satellites are simply morphologic features asso- 
ciated with clones of cells with high metastatic potential 
or are indicative of the growth phase or doubling time of 
the melanoma. True microscopic satellites probably re- 
flect the ability of tumor cells to implant and survive at a 
distance from the main body of the tumor and thereby 
represent true biologic metastases. Microscopic satellites 
thereføre express biologic aggressiveness. 
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Discussion 

EDWARD M. COPELAND III, MD, Gainesville, Fla: Are your co- 
hort group and experimental group truly matched? As I recall, 
the average thickness of the primary lesion was 3.38 mm; yet, the 
satellite group and nonsatellite group had a 40% and 20% rate 
of lymph node metastasis, respectively. With an average thick- 
ness of 3.38 mm, I would have predicted that the nonsatellite 
group would have had a significantly greater rate of lymph node 
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metastasis than 20%. The difference between the two groups 
possibly exists only because patient selection resulted in an un- 
expected low rate of lymph node metastasis for correspondingly 
thick melanomas in the nonsatellite group. 

BENJAMIN KIM, MD, Salt Lake City, Utah: Did you look at the 
depth of the microscopic satellites? Was there any correlation of 
this with regional lymph node involvement or recurrence rates? 

MARSHALL M. URIST, MD, Birmingham, Ala: Is this the kind 
of observation where we can go back, make additional sections 
around these biopsies, and find satellitosis even more often? Did 
you restudy any of the patients who recurred without satellito- 
sis and subsequently find these histologic changes? Also, can we 
ask what you propose to do with this information? Can you use 
this prognostic factor to decide about the use of elective lymph 
node dissection or as an eligibility factor to enter patients into 
adjuvant therapy trials? 

DR LEON: The median tumor thickness of 3.38 mm referred to 
the 50 patients with microscopic satellites seen between 1972 and 
1984. Criticism of the matched-cohort analyses lies in the diffi- 
culty of simultaneously matching on multiple variables, espe- 
cially when these may not be independent. That is why we per- 
formed a Cox multivariate regression analysis to determine 
which variables were independently associated with disease- 
free and overall survival. In both these analyses, the presence of 
microscopic satellites was found to be independently associated 
with disease-free and overall survival. 

With regard to going back and sectioning more of the patho- 
logic specimens, you would probably find that additional-step 
sections may demonstrate an increased incidence of these satel- 
lites. On the other hand, you may also find connections of the 
satellites to the main body of the tumor. Regarding prophylactic 
regional lymph node dissection, this study showed that a pos- 
itive prophylactic regional lymph node dissection on such 
patients would be useful. We examined 384 patients with verti- 
cal growth-phase clinical stage I melanoma over a period from 
1972 to 1979, and 30 patients or about 8% were found to have 
microscopic satellites. 


O The superior mesenteric artery (SMA) supplies the small and large bowel 
from the first part of the duodenum to the cecum. [True or False?] 
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1 1. Grant JCB. A Method of Anatomy. 5th ed. Baltimore, Md: Williams & Wilkins; 1952:264. 
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Morbidity of Radical Lymphadenectomy in the 
Curative Resection of Gastric Carcinoma 


James W. Smith, MD; Man H. Shiu, MD; Lori Kelsey; Murray F. Brennan, MD 


@ Recent studies suggest an improved survival in patients 
who undergo radical lymph node dissection for the cur- 
ative treatment of gastric carcinoma. We have under- 
taken a retrospective review to compare morbidity and 
mortality between patients who underwent radical lymph 
node dissection and those who underwent resections of 
lesser scope. Of the surgically related events compared, 
only the amount of postoperative abdominal drainage 
was significantly different in the group that underwent 
radical lymph node dissection Forty-four percent of pa- 
tients who underwent radical lymph node dissection and 
35% of patients who underwent a procedure of lesser 
scope developed a major complication. There was also 
no significant difference in the postoperative death rate, 
with a total of two 30-day in-hospital deaths (1.1%). Our 
observations indicate that radical lymph node dissection 
can be performed as safely as lesser operations for gas- 
tric carcinoma, and should not be avoided because of 
the fear of complications. 
(Arch Surg. 1991;126:1469-1473) 


R ecent studies have suggested an improved survival in 
patients who underwent radical lymph node dis- 
section (RLND) in the curative resection of gastric carci- 
noma.’ Prospective randomized trials are currently un- 
der way in Europe to document the benefit, if any, of 
radical lymphadenectomy. Except in a few centers, RLND 
is not routinely performed in the management of gastric 
carcinoma in the United States. The operation has been 
criticized as too morbid for the benefits it may provide.*4 
This criticism may no longer be valid because major ad- 
vances in the perioperative care of the surgical patient 
have markedly reduced the risk of morbidity of any op- 
eration in recent years, and may allow such resections to 
be performed with no greater morbidity than that of lesser 
operations. To examine this question of morbidity, we 
have undertaken a study to compare surgically related 


Accepted for publication September 22, 1991. 

From the Department of Surgery, Memorial Sloan-Kettering 
Cancer Center, New Yorx, NY. 

Presented at the 44th Annual Cancer Symposium of the Society 
of Surgical Oncology, Orlando, Fla, March 24, 1991. 

Reprint requests to the Department of Surgery, Memorial Sloan- 
Kettering Cancer Center, 1275 York Ave, New York, NY 10021 (Dr 
Brennan). 


Arch Surg—Vol 126, December 7991 


events, complications, and mortality between patients 
who underwent RLND and those who underwent resec- 
tions of lesser scope at our institution. 


MATERIALS AND METHODS 


Based on a prospective gastric cancer database in the De- 
partment of Surgery, Memorial Sloan-Kettering Cancer Cen- 
ter, New York, NY, between July 1, 1985, and July 1, 1989, 
683 patients were admitted for the treatment of gastric cancer. 
Of these, 185 patients (27%) underwent resection with “cura- 
tive intent.” We defined “curative” resections as those in 
which the patient showed no distant or peritoneal me- 
tastases, and all gross tumor was removed at operation. We 
included patients with clinically enlarged nodes as long as all 
such nodes were removed. These 185 sequential patients 
formed the basis of the present study. A detailed retrospec- 
tive review was performed with attention to the clinicopatho- 
logic features of the tumor, scope of resection and lym- 
phadenectomy, surgically related events, major compli- 
cations, and postoperative death. 

Patients were divided according to the extent of lymphadenec- 
tomy into two groups: (1) those who underwent a radical lym- 
phadenectomy with en bloc removal of at least two echelons of 
regional lymph nodes (designated R=2 ), and (2) those who un- 
derwent a lymphadenectomy of lesser scope (designated R<2). 
An RLND (R22) is defined in this study as removal of the pe- 
rigastric lymph nodes (N1), as well as lymph nodes located more 
than 3 cm from the tumor, (figure) including the left gastric, 
common hepatic, and celiac lymph nodes (N2). Only patients 
who underwent resections fulfilling all of the above-mentioned 
requirements were included in the RLND (R=2) group. All oth- 
ers were entered in the R<2 group. 

In the evaluation of important surgically related events for 
the purpose of this study, we included the operative time, 
volume of blood transfused, volume of postoperative abdom- 
inal drainage, the number of days that the drain was re- 
quired, the postoperative day on which oral intake began, 
and the day of discharge. 

We determined the frequency of major complications for 
each patient and the frequency of operative mortality, defined 
as death within 30 days of operation or during the same 
admission period. Minor complications, such as wound infec- 
tions, which did not require drainage, and atelectasis, which 
did not require antibiotic treatment, were not included in the 
analysis. Comparison was made of the surgically related 
events and the frequency of major complications as well as 
operative death between the two treatment groups. The x? 
analysis with Yates’ correction and the Fisher Exact Test were 
used for categorical variables; Student’s t test was used for 
continuous variables. 
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The scope of gastric lymphadenectomy is shown by the broken line. 
To qualify as an R2 (radical) operation all R1 (less than radical)- 
designated nodes must be removed, and most R2-designated 
nodes must be removed. R indicates right; L, left; and asterisks, 
optional. 


RESULTS 


Of the 185 patients, 123 (66%) underwent gastric resec- 
tion with RLND (R22) and 62 (34%) underwent gastrec- 
tomy with lymphadenectomy of lesser scope (R<2). The 
latter group included many patients whose operation was 
more extensive than a standard gastric resection, but who 
did not fulfill all of the requirements for a true R2 resec- 
tion. Table 1 lists the clinicopathologic characteristics of 
the 185 patients. Table 2 lists the T stage and N stage of 
the tumors. There was no indication of significant distri- 
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Extent of Lymphadenectomy 
—_—-. 0..." 
Less Than Radical Radical 

(R<2) (R=2) 
(n=62) (n= 123) 


61.8+1.8 61.6+1.1 
5.1+0.4 5.3+0.2 


Feature 
Patient age, y 
Tumor size, cm 


Preoperative body 


weignt loss, % 3.8+0.5 3.7+0.5 


Preoperative total 
lymphocyte count, x10°/L 
Preoperative serum 
total protein, g/L 


Preoperative serum 
albumin, (g/L) 


1.737 + 0.09 1.816 + 0.06 


*All va ues are expressed as mean+SE. None of the differences 
between the R<2 and R=2 groups was significant. 













t of Lymphadenectomy, 
No. (%) of Patients 


eae 


Exten 


Less Than Radical Radical 
(R<2) (R22) 
Tumar Stage (n=62) (n=123) 












1 9 (14.5) 19 (15) NS 
2 9 (14.5) 19 (15) NS 
3 42 (68) 82 (68) NS 
4 2 (3) 3 (2) NS 







0 19 (31) 
1 29 (47) 
14 (22)t 


37 (30) NS 
40 (33) NS 
46 (37) 








*NS imdicates not significant. 

tVery few patients in the R<2 group were found to have 
metastas2s in the N2 nodes because few of those nodes were sys- 
tematically removed. 


bution bias with regard to age, sex, preoperative weight 
loss, or nutritional status as judged by the serum albumin 
level, between the radical lymphadenectomy (R=2) group 
and the less than radical lymphadenectomy (R<2) group. 
There was also no significant distribution difference 
according to T or N stage. Tumor site did partly impact on 
the radicality of lymphadenectomy. Of 106 patients with 
proximal tumors, 63 (59%) underwent RLND while 43 
(41%) underwent lymphadenectomy of lesser scope (not 
significant). However, a significant majority of the pa- 
tients with middle and distal third tumors underwent 
more extensive lymph node dissection. Of the 41 patients 
with midstomach lesions, 29 (71%) underwent RLND 
(P=.07, and of the 38 patients who had distal third 
lesions, 31 (82%) underwent RLND (P = .007). 


Surgically Related Events 


Comparison of the surgically related events is shown in 
Table 3. There were no significant differences between the 
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Extent of Lymphadenectomy* 


Os IIMs 
Less Than Radical (R<2) (n=62) Radical (R=>2) (n= 123) 









Surgically Related Evemt 















Operative time, h 4.9+0.3 4.6+0.2 

Volume of blood transfused, L 1.6+0.3 (n=29) 1.5+0.2 (n=68) 

Postoperative abdominal drainage, mLt 461 +178 (n=28) 1169 + 188 (n =69) .01 
Postoperative day drain removed 4.9+0.7 6.4+0.5 NS 
Postoperative day diet started 97 £1.3 9.4+1.0 NS 
Postoperative day patient discharged 19+1.4 17.8+1.1 NS 






*All values are expressed as mean +SE. NS indicates not significant. 


tAbdominal drains were used in only 97 (52%) of 185 patients. 


two groups in operative time, volume of blood trans- 
fused, number of days that the abdominal drain was re- 
quired, the postoperative day on which oral intake 
resumed, or the day of discharge. Twenty-eight (45%) of 
62 patients in the R<2 group and 69 (56%) of 123 patients 
in the RLND group had an abdominal drain placed. Pa- 
tients who underwent RLND did produce a significantly 
larger volume of abdominal drainage (P=.01), which 
confirms the extent of operation. 


Surgical Morbidity 

Major complications were divided into general and 
surgical. The general medical complications included se- 
rious cardiac, pulmonary. neurologic, and embolic 
events. Surgical complications include intra-abdominal 
abscess, wound infection/disruption, postoperative hem- 
orrhage, delayed gastric em>tying, anastomotic leak, and 
fistulas. Delayed gastric emptying was defined as the in- 
ability to remove the nasogastric tube by postoperative 
day 10. Anastomotic leaks were considered to have 
developed if gastrointestinel secretions drained percuta- 
neously or leakage was con<irmed by reoperation or con- 
trast studies. As shown in Table 4, of the 62 patients in the 
R<2 group, 11 (18%) developed general medical compli- 
cations and 10 (16%) developed surgical complications, 
for a total of 21 patients (34%) with complications. Of the 
123 patients in the R=2 grcup, 25 (20%) developed gen- 
eral medical complications end 28 (23%) developed surgi- 
cal complications, for a total of 53 patients (43%) with 
complications (P = .35). 


Postoperative Death 


None of the 62 patients ir the R<2 group died after the 
operation , but two(2%) of the 123 patients in the R=2 group 
died after operation (P = .44 (Table). The overall operative 
mortality rate was 1.1%. One of the postoperative deaths 
was of a 72-year-old woman witha history of coronary artery 
disease, diabetes mellitus, episodes of transient ischemic at- 
tacks, and a 9% weight loss. She underwenta distal subtotal 
gastrectomy with RLND followed by intraperitoneal lavage 
with mitomycin C. On the second postoperative day, my- 
ocardial infarction occurred and the patient could not be re- 
suscitated. The second patient who died after operation was 
an 80-year-old man with coranary artery disease with angina 
as wellas a 10% weight loss. He underwent a distal subtotal 
gastrectomy with RLND for a carcinoma of the midstomach. 
On the third postoperative day he suffered a myocardial in- 
farction. He partly recoverec but suffered a second myocar- 
dial infarction on the 20th postoperative day, followed by 
multiple system organ failure; despite aggressive support, 
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Anastomotic leak 
Total* 21 53 


“The difference between the R<2 and R=2 groups was not 
significant. 





the patient died on the 26th postoperative day. 

The median duration of follow-up of these patients was 
too short (22.6 months) to enable us to make a meaning- 
ful statement regarding long-term outcome. Efficacy of 
RLND can only be determined by a prospective, random- 
ized trial. 


COMMENT 


The incidence of gastric carcinoma in the United States 
has steadily decreased threefold to fourfold since 1930.° 
Nevertheless, 23200 new cases and 13700 deaths were 
expected in 1990 from this disease, which accounts for 3% 
of all cancer deaths.° 

Surgical resection is the only curative treatment pres- 
ently available for gastric carcinoma. However, in the 
United States, only 15% of all patients survive 5 years.° 
A frequent debate centers on whether more aggressive 
surgical resection with radical lymphadenectomy can 
improve these poor results. Recent studies from Japan 
suggest an improved survival in patients who undergo 
RLND as part of their treatment for potentially curable 
gastric cancer.*?78 The operation is based on knowl- 
edge of the regional lymphatic drainage of the stom- 
ach. In accordance with the basic tenets of oncologic 


Radical Lymphadenectomy—Smith etal 1471 


















Extent of Lymphadenectomy, 
No. of Patients With Complications/ 
Total No. of Patients (%)* 


reaa 


Less Than Radical Radical 
(R<2) (R>2) 
(n=62) (n=123) 














Major complications 


Proximal gastrectomy 14/36 (39) 29/52 (56) 
Distal gastrectomy 5/20 (25) 13/44 (30) 
Total gastrectomy 3/6 (50) 12/27 (44) 
Total 22/62 (35) 54/123 (44) 





*There were no postoperative deaths in the R<2 group and two 
deaths (1.6%) in the R=2 group. None of the differences between 
the R<2 and R=2 groups was significant. 


resection for epithelial cancers, surgical treatment re- 
quires wide excision of the primary gastric tumor and 
en bloc removal of the draining lymphatic network, 
including the regional lymph nodes and the interven- 
ing lymphatic vessels." 

Radical lymph node dissection as an important part of 
the curative resection of gastric carcinoma was proposed 
and practiced in the 1950s at our institution." Early ret- 
rospective studies from other centers also suggested a 
survival benefit from radical lymphadenectomy, since 
there were many documented cases of long-term survi- 
vors who underwent RLND for cancers with lymph node 
metastases.'2"3 The operation was subsequently criticized 
as being too morbid for the questionable benefit it may 
provide, and it fell into disfavor.’ 

In recent years, preoperative preparation, anesthesia, 
surgical technique, and postoperative care have signifi- 
cantly improved, to the extent that postoperative mor- 
bidity and mortality have decreased to a much more ac- 
ceptable level for gastric resections.***° This, along with 
the encouraging reports from Japan of probable survival 
benefit, has led to a renewed interest in radical gastric 
lymphadenectomy. The evidence of survival benefit is, 
however, circumstantial and has been culled from retro- 
spective uncontrolled studies. Prospective, randomized 
trials are currently under way in Europe to scientifically 
determine if there is a significant survival benefit. 

Currently, the only hard evidence of survival benefit is 
the reported survival of patients who have undergone 
RLND for gastric carcinoma with metastases to distant 
(N2) lymph nodes, such as those in the region of the ce- 
liac axis, hepatic artery, left gastric artery, and splenic 
artery—lymph nodes that are usually not removed in a 
standard gastrectomy without deliberate lymphadenec- 
tomy. For example, 5-year survival rates of 16% after re- 
section in patients with celiac lymph node metastasis”® 
and 9% after resection of N2 disease” have been docu- 
mented. Based on the potential survival of patients who 
have such advanced lymphatic metastasis, the surgeon 
can reasonably justify the addition of RLND in the surgi- 
cal treatment of selected patients with curable gastric 
cancer, provided the added risk of the operation is 
minimal. 

In our study, the only surgically related event that 
was significantly different in the group that underwent 
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RLND was an increase in the volume of abdominal 
drainage. This did not translate into an increase in the 
number of days that the drain was required or a longer 
hospitelization. 

The 35% incidence of major surgical morbidity for 
the R<2 group and 44% for the R22 group compares 
favoratly with that of other studies."**? Radical lymph 
node dissection did not cause a significant increase in 
either general or surgically related complications over 
those complications encountered after a less extensive 
lymphedenectomy. 

The everall postoperative mortality rate of 1.1% in our 
series (1.6% for patients undergoing RLND) is compara- 
ble wita that of the recent experience in Japan.*”' This 
study and others” demonstrate the significant improve- 
ment tłat has taken place in the care of patients who un- 
dergo gastric resections for cancer today. This experience 
contras-s remarkably with that of one or more decades ago 
when operative mortality rates of 6%, 12%, or higher were 
common. The two deaths in this study occurred in 
elderly patients who had multiple associated medical 
problems and who ultimately died of complications of 
myocardial infarction. 

Obse-vations in this study thus indicate that RLND can 
be performed with reasonable safety. It offers the only 
possibility of survival for the patient who has significant 
lymph node metastases, and may offer a significant sur- 
vival benefit to all curable patients. Radical lymphadenec- 
tomy thus merits serious consideration as part of the sur- 
gical ammamentarium for the treatment of potentially 
curable gastric cancer, and arguments against its use can- 
not be based on morbidity alone. 
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Discussion 

BLAKE CaDy, MD, Boston, Mass: Let me congratulate you on 
being able to do this expanded operation without any change in 
morbidity and mortality. I am puzzled as to why these patients 
are drained. One of the misunderstandings we have is that 
American gastric cancer today is similar to that of the Japanese. 
Most American gastric cancer today is of the diffuse histology 
type (Laurens classification), whereas most of the Japanese is of 
the intestinal variety. There are totally different outcomes in 
lymph node positive cases in those two histologic varieties. In- 
testinal histologic type with positive nodes has a reasonable sur- 
vival rate, whereas the diffuse type has an extremely poor out- 
come. I wondered if you looked at the histologic variety 
differenees in the Laurens classification between the patients 
you operated on at Memorial. 
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HAROLD J. WANEBO, MD, Providence, RI: Is there a difference 
between the R2 versus the less than R2 in overall survival in your 
patients? 

DANIEL T. DEMPSEY, MD, Philadelphia, Pa: Can you give us 
your group’s opinion about the learning curve for this more ex- 
tensive dissection? One problem might be that those of us who 
are less expert than yourselves would go home and start doing 
this, and really have more morbidities and perhaps some mor- 
tality, which would dilute out any potential curative benefit. 

DR SMITH: We did not look at the histological differences. The 
question remains as to whether there is truly a difference 
between the Japanese patients and the American patients. In re- 
cent reports comparing Japanese and German patients, there is 
no identifiable inherent difference in the patients that explains 
the differences in outcome. We do feel that there are probably 
more reasons for the difference in outcome other than radical 
lymph node dissection, but it still remains a very interesting 
possibility. 

We counted the lymph nodes that were removed by the pa- 
thologist for each patient. It is important to note that in the Jap- 
anese series, when they do a radical lymph node dissection, they 
have traditionally been much better at labeling the actual lymph 
node areas that were removed. The surgeons who dissect out the 
lymph nodes postoperatively and give them to the pathologists 
are much more careful about looking at the number of lymph 
nodes. The pathologists we work with, in general, are not nearly 
as diligent. We did not actually put that in our paper because we 
didn’t look at it that carefully. 

Our median follow-up for these patients is less than 2 years, 
and we feel it is too early to really tell whether that’s going to 
make a difference. It is important to point out that there are pro- 
spective randomized series ongoing in Europe looking into the 
true survival benefit of the disease. In Cucheri’s group, for in- 
stance, where they are doing a very good prospective random- 
ized study, they feel that they need over 600 patients entered into 
the study to show a true survival benefit. With our few numbers 
and our short follow-up period, it would be too early to talk 
about that. 

There is obviously a learning curve. We wouldn’t recommend 
that this operation be done by every surgeon who is not familiar 
with working around the celiac axis and splenic artery, etc. The 
fellows who rotate through the Memorial program are taught to 
do the lymphadenectomy as part of the standard operation, as 
that is now the standard operation at Memorial. If there is a 
learning curve, it is probably shown by use, and in general most 
of these operations were performed by the fellow in conjunction 
with the attending. Even though there is a learning curve, if we 
can do it, it can be done. 
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è Between 1982 and 1990, 69 adult patients were admit- 
ted to Memorial Sloan-Kettering Cancer Center with a 
diagnosis of angiosarcoma, lymphangiosarcoma, or malig- 
nant hemangiopericytoma. The existing literature regarding 
sarcomas focuses on individual histologic conditions or 
site-specific activity and includes pediatric patients, which 
makes estimates of survival difficult. We describe the clin- 
ical course of all vascular sarcomas, the survival without 
distant recurrence of patients with vascular sarcomas, and 
the overall survival of patients with vascular sarcomas. Us- 
ing Cox’s stepwise regression model, histologic character- 
istics of the tumors, tumor grade, tumor size, and other 
factors were assessed to determine their prognostic signif- 
icance. Noncurative treatment and the presence of me- 
tastases were the only two factors influencing survival. Tu- 
mor grade approached significance. Disease recurrence 
was common among curatively treated patients (37% of 
such patients), and more than half of these recurrences in- 
volved distant sites. The survival of these patients depends 
on complete surgical resection and is independent of indi- 
vidual histologic characteristics of the tumor. 
(Arch Surg. 1991;126:1474-1481) 


5 emery soft-tissue sarcomas are a rare form of sar- 

coma.! The major histologic subtypes are angiosar- 
comas (ASs) and lymphangiosarcomas (LASs) of endo- 
thelial cell origin and malignant hemangiopericytomas 
(MHPs), which originate from the pericyte of Zimmer- 
mann.? Between July 1982 and July 1990, 1650 adult 
patients were admitted into our institution and their con- 
ditions included in a prospective database of adult soft- 
tissue sarcomas. Sixty-nine of these tumors (4%) were 
malignant vascular soft-tissue sarcomas. Although the 
literature is replete with descriptive reports of these sar- 
comas, most studies deal with the clinical or pathologic 
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aspects of either a specific histopathologic tumor type *° 
or with the activity of sarcomas at a certain anatomic 
site.”8 S irvival with this group of sarcomas is difficult to 
estimate because most studies describing survival have 
been small and have emphasized a particular histologic 
tumor type or site-specific activity. Generally, however, 
the prognosis for patients with these sarcomas is consid- 
ered poor.’ A recent study by Daugaard et al’ attempts to 
address these issues by reviewing the clinical features of 
both MHPs and ASs, which they refer to as hemangioen- 
dothelicsarcomas, as one group, but their numbers of fif- 
teen ASs and eight MHPs are too small for a comprehen- 
sive evaluation of survival. 

This study describes 69 malignant vascular soft-tissue 
sarcomas collected over a short period and stratifies 
patients based on the extent of disease at presentation to 
more accurately characterize clinical outcome. We also 
compared survival rates of patients with ASs, MHPs, and 
LASs asseparate groups. Finally, we analyzed the effects 
of traditional prognostic variables such as tumor size, 
grade, and depth on patient outcome. 


PATIENTS AND METHODS 


As of July 1990, information from 1650 adult patients had been 
entered prospectively into our database of soft-tissue sarcomas, 
which wes begun July 1, 1982. During that time, sixty-nine adult 
patients in this group (4%) had a diagnosis of vascular sarcoma. 
Of these >atients, 35 had ASs; 28, MHPs; and six, LASs. The pa- 
tients’ medical charts were reviewed, and follow-up reports of 
all patients were updated through January 31, 1991. All infor- 
mation regarding pathologic diagnosis and tumor grade (high vs 
low)! were reviewed by one pathologist (S.1.H.). 

Variables ascertained at presentation to Memorial Sloan- 
Kettering Cancer Center (MSKCC), New York, NY, included 
age; sex; -ace; symptoms; history of cancer, radiation exposure, 
or chronic edema; predisposing factors (eg, exposure to toxic 
substances); presenting symptoms; complete blood cell count 
and resul:s of blood chemistry analysis; size, depth, and location 
of the primary tumor; diagnostic methods employed; and spe- 
cific treatment. 

Patients were stratified based on the extent of their disease on 
presentation to MSKCC. The categories were as follows: patients 
with loca ized primary disease at presentation; patients with lo- 
calized recurrent disease at presentation; patients with meta- 
static primary disease at presentation; and patients with meta- 
static recurrent disease at presentation. All patients presenting 
with localized primary disease received their definitive treat- 
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Patients With AS 
(n= 35) 


Patients With MHP Patients With LAS 
(n =28) (n=6) 


All Patients 


Characteristic (n=69) 





Median age, y 52 63 54.5 55 

Age range, y 23-84 17-82 19-67 17-84 
M/F 16 (46)/19 (54) 18 (64)/10 (36) 2 (33)/4 (67) 36 (52)/33 (48) 
Prior cancer 5 (14) 1 (3.6) 3 (50) 9 (13) 
Prior radiation 3 (9) 1 (3.6) 3 (50) 7 (10) 
Prior chemotherapy 2 (6) 0 1 (17) 3 (4) 
Chronic limb edema 3 (9) 1 (3.6) 6 (100) 10 (14) 
Pain 9 (26) 7 (25) 2 (33) 18 (26) 
Mass 22 (63) 12 (43) 4 (67) 38 (55) 
Other symptoms 4 (11) 9 (32) 0 13 (19) 


*AS indicates angiosarcoma; MHP, malignant hemangiopericytoma; and LAS, lymphangiosarcoma. Except for the first two entries, data 


are number (percent) of patients. 


ment at MSKCC. Treatment consisted of operation alone, oper- 
ation in addition to radiation and/or chemotherapy, or chemo- 
therapy and/or radiation alone. 

The treatment administered was considered curative if all 
gross disease was surgically removed. Four curatively treated 
patients had positive margins om microscopic evaluation, and 
each of them underwent postoperative radiation therapy. All 
chemotherapy administered was doxorubicin hydrochloride- 
based, except in one case of limb perfusion, for which mech- 
lorethamine hydrochloride was used. 


STATISTICAL METHODS 


A set of prognostic factors for the rate of death directly due 
to tumor-related disease was determined using the Cox step- 
wise regression model” in the SAS statistical software pack- 
age. Two patients who died cf other causes and two pa- 
tients who died of postoperative surgical complications were 
considered unavailable for follow-up because their deaths 
were not the result of tumor-related disease. Kaplan-Meier 
curves were used to display effects of covariates, and log- 
rank tests were used to determine the statistical significance 
among the curves. The follow-up period used for calculating 
survival was measured from tne date of presentation to 
MSKCC. The follow-up period ranged from 1 to 91 months, 
with a median follow-up period of 22 months. The median 
follow-up period of patients alive at the end of the study was 
36 months (range, 1 to 91 months). The Cox stepwise regres- 
sion model was also used to identify prognostic factors in a 
multivariable setting for (1) the rate of tumor-related mortality 
after presentation to MSKCC, (2) the rate of development of a 
distant metastasis after presentation with localized disease, 
and (3) the rate of death after the development of (or presen- 
tation with) a first distant metastasis. The score test criterion 
was used in these analyses. Finally, tests of association 
among the potential progrostic variables were performed us- 
ing Pearson yx? tests. 


RESULTS 


Clinical Data 


The clinical data are shown in Table 1. Overall, the 
gender distribution was even. All patients were adults, 
and the median age was 55 years. Sixty-four patients were 
white, three were black, and two were Asian. 


Medical History 


Review of the patients’ medical histories (Table 1) 
revealed that five of 35 patients with AS (14%) had had 
prior neoplasms, three of whom had been treated with 
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radiation to the site of origin of their sarcoma. The first 
patient had an ovarian dysgerminoma that was irradiated 
14 years before AS developed in her terminal ilium. A 
second patient received chemotherapy and 30 Gy of 
external-beam radiation in an inverted “Y” fashion to treat 
a Hodgkin's lymphoma. He developed diffuse AS in the 
liver and later in the spleen 14 years after completing ra- 
diation therapy. The third radiation-associated case oc- 
curred 6 years after treatment with 68 Gy of radiation to 
a base of the tongue and to the epiglottis epidermoid car- 
cinoma. This patient presented with an AS of the lateral 
pharyngeal wall. The other two patients with prior can- 
cer had no history of radiation therapy. One woman had 
had breast cancer and developed an AS of the scalp, and 
the last patient had had melanoma of the lower extrem- 
ity. 

Chronic limb edema preceded the onset of AS in three 
patients. The above-mentioned patient with melanoma 
had been treated with a prophylactic groin dissection and 
developed chronic lymphedema. He developed AS in the 
same leg 31 years later. Another patient developed an AS 
in a chronic lymphedematous leg (origin unknown), and 
a third patient suffered from advanced venous insuffi- 
ciency for years before noting multiple bluish nodules on 
her feet and ankles that later proved to be ASs. 

Details regarding exposure to toxic substances were 
sketchy, but one woman with an AS of the liver admitted 
to significant arsenic trioxide exposure while working for 
a manufacturer of dyes and shark repellent during World 
War IL. 

Only one patient with malignant MHP had had a prior 
cancer. This patient had a prior melanoma and developed 
chronic limb edema after a prophylactic groin dissection. 
She developed a Kaposi’s sarcoma in that limb 9 years 
later that was treated with external-beam radiation ther- 
apy (28.75 Gy). The Kaposi’s sarcoma recurred 2 years 
later, and she received additional radiation (30 Gy). A year 
and a half later she developed an MHP in the same leg. 

All six of the patients with LAS had histories of chronic 
lymphedema in the afflicted extremity. The edema re- 
sulted from a variety of causes. Three of these patients 
had had breast cancer, two of which were managed with 
radical mastectomy followed by radiation therapy. A third 
patient developed an AS in her edematous arm 12 years 
after radiation therapy and chemotherapy to manage in- 
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Patients With AS 
(n=35) 





Type of Disease 







Localized primary 25 (71) 
Localized recurrent 1 (3) 
Metastatic primary 7 (20) 







Metastatic recurrent 


Table 2.—Extent of Disease of Presentation* 


Patients With MHP 
(n= 28) 


20 (71) 3 (50) 48 (70) 
4 (14) 0 5 (7) 
2 (7) 1 (16) 10 (14) 


2 (7) 

















All Patients 
(n=69) 


Patients With LAS 
(n=6) 
















6 (9) 


*AS indicates angiosarcoma; MHP, malignant hemangiopericytoma; and LAS, lymphangiosarcoma. Data are number (percent) of 


patients. 


operable breast cancer. The average interval between the 
treatment of the breast cancer and the development of a 
sarcoma was 14 years. Chronic limb edema after a Filaria 
infection developed in two patients. The sixth patient had 
had congenital chronic lymphedema and was diagnosed 
at age 45 years. 


Symptoms 


Most patients presented with a painless mass or skin 
nodule (Table 1). Pain was the dominant symptom in 18 
patients (26%). Pain was usually associated with palliative 
treatment (P = .0002), suggesting more advanced disease. 
The 13 patients (19%) who did not present with a mass or 
nodule had a variety of nonspecific symptoms related to 
the primary site (eg, pressure and cough). One patient 
was asymptomatic, and symptoms were unknown for 
one. Angiosarcomas were commonly red to blue pig- 
mented lesions. Sarcomas occurring with chronic edema 
were often multiple, small nodules rather than a single 
mass. The duration of symptoms varied widely from 
1 week to 30 years for patients with AS (median, 
7 months), 2 weeks to 60 months for patients with MHP 
(median, 5.1 months), and 1 month to 1 year for patients 
with LAS (median, 5 months). Patients with chronic 
edema were more likely to present with metastatic disease 
than other patients. 


Clinical Presentation 


Most patients presented with localized primary disease 
(48 patients [70%]) (Table 2). Of these, 36 were treated 
curatively and 12, palliatively. Eleven patients (16%) pre- 
sented with recurrent disease, five of whom had local re- 
currence and six of whom had metastatic recurrence. 
Fourteen percent of patients with vascular sarcoma pre- 
sented with metastatic primary disease. 


Clinical Evaluation 


The median hematocrit was 0.40 (range, 0.26 to 0.48) in 
the 65 patients for whom hematocrit had been recorded 
at presentation. Anemia was present in 11 (31%) of 36 men 
and four (12%) of 33 women. All but four patients who 
underwent peripheral smears had normal results. Aniso- 
cytosis was noted in two patients with AS, and microcy- 
tosis in one patient with AS. Results of a peripheral smear 
revealed poikilocytosis in one patient with MHP. Periph- 
eral eosinophilia as described by others? was not seen in 
any of our patients. Paraneoplastic syndromes causing 
hypoglycemia” in association with MHP were not found. 

Two patients with AS presented with pulmonary nod- 
ules, one of whom had a pleural-based primary AS as de- 
tected on roentgenography of the chest (AS was docu- 
mented histologically in one). Another patient presented 
with three nodules detectable only on computed tomo- 
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graphic scan. Three patients with MHP were noted to 
have pulmonary nodules on roentgenography of the 
chest and did not undergo computed tomography. One 
patient with LAS had a borderline chest roentgenogram. 
Computed tomography of the same patient was negative. 
Chest roentgenograms of all other patients showed them 
to be tree of disease. 

A histologic diagnosis or suspected histologic diagno- 
sis was based on results of an incisional biopsy in 27 pa- 
tients (39%), an excisional biopsy in 17 patients (25%), 
laparotomy and biopsy in 16 patients (23%), needle aspi- 
ration in two patients (3%), thoracotomy and biopsy or 
excision in three patients (4%), craniotomy in one patient 
(1%), laminectomy in one patient (1%), and definitive ex- 
cisionrequiring no further treatment in two patients (3%). 


Tumor Characteristics 


No region of the body was spared from involvement 
with ane of these malignant vascular tumors. Table 3 il- 
lustrates the sites of the primary tumors. Angiosarcomas 
were slightly more common in the viscus/retro- 
peritoneum and head and neck, but were fairly evenly 
distributed throughout the body. The head and neck ASs 
were cutaneous except for one primary tumor of the pha- 
ryngeal wall. Four of the seven truncal ASs were of the 
breast. Half the MHPs were intra-abdominal or retroperi- 
toneal. There were no uterine MHPs in this study. One 
thoracic MHP involved the lung. Most MHPs of the head 
and neck were cutaneous, but one involved the meninges 
and another the buccal mucosa. Hemangiopericytomas 
were more likely to be retroperitoneal or visceral than the 
other two histologic tumor types (P=.036). They were 
also more often deep and large (P= .016). All of the LASs 
developed in an edematous extremity. 

The maximum diameters of the primary tumors are 
shown in Table 3. Sixty-two percent of the sarcomas were 
greater than 5 cm in diameter, and 43% were 10 cm in di- 
ameter or larger. The original size was not recorded for 
four patients. Table 3 also shows tumor grades. Most tu- 
mors were high grade; 60% of the tumors in patients with 
localized primary disease were high grade. 

Regional lymph node metastases were suspected in 
three patients at presentation. One had an unresectable 
head and neck primary AS with a clinically positive neck 
node. A woman with postmastectomy limb edema pre- 
sented with new axillary masses in association with an 
LAS. One of eight nodes of a third patient with recurrent 
LAS was positive at definitive resection. 

Two patients with AS subsequently developed recur- 
rent regional disease. One patient developed a nodal re- 
currence at a preauricular lymph node that was confirmed 
histalogically, with results of needle biopsy being the first 
sign of dissemination after intra-arterial chemotherapy. 
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Patients With AS 


Characteristic (n=35) 
Location 
Extremity 
Head and neck 10 (29) 
Trunk 7 (20) 
Thorax 2 (6) 
Viscus/retroperitoneum 10 (29) 
Grade 
High 25 (71) 
Low 10 (29) 
Size 
<5 cm 15 (43) 
5-10 cm 5 (14) 
=10 cm 12 (34) 
NR 3 (9) 


*AS indicates angiosarcoma; MHP, malignant hemangiopericytoma; 


(percent) of patients. 


One patient with a primary AS in the terminal ilium had 
documented recurrent retroperitoneal nodal metastases 
in association with widespread pelvic disease involving 
the vagina and vulva. 

Purely tumor-related complications were infrequent. 
Late pulmonary complications occurred in two patients 
with AS. One patient had intraparenchymal pulmonary 
bleeding just before death. The second patient developed 
a pneumothorax requiring a tube thoracostomy. 


Treatment 


Treatment consisted of surgical resection of the tumor 
at presentation, with adjuvant therapy (chemotherapy 
and/or radiation therapy) in 26 patients (38%). Of these 26 
patients, surgical resection was combined with both pre- 
operative and postoperative adjuvant therapy in two, 
while six underwent onlv preoperative adjuvant therapy 
(radiation therapy and/or chemotherapy). Chemotherapy 
and/or radiation therapy was the primary therapy for 17 
patients (25%). One of these patients underwent hyper- 
thermic limb perfusion with mechlorethamine hydrochlo- 
ride. Surgical resection alone was performed in 26 pa- 
tients (38%). The treatment was believed to be curative in 
41 patients and palliative in 28 patients. 

Negative tumor margins were confirmed microscopi- 
cally in 23 of the 26 patients treated with surgery alone 
(margins were not noted for three patients). Four of the 
52 patients treated operatively had positive margins on 
microscopic evaluation. Three cf these four patients un- 
derwent postoperative radiation with doses of 60 to 66 Gy, 
and the exact dose was unknown for one. None of these 
four patients developed local recurrence. 

Perioperative bleeding from these vascular tumors was 
noted to be a problem in 17 (33%) of 52 patients treated 
operatively and occurred during either the diagnostic bi- 
opsy or the definitive operation. Overall, 18 patients had 
an operative blood loss of more than 1000 mL (five 
patients with extremity tumors, one patient with a trun- 
cal tumor, and 12 patients with visceral primary tumors). 
The estimated blood loss ranged from 1200 to 40000 mL, 
with a median blood loss of 2800 mL. Eleven patients lost 
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All Patients 


(n=28) (n=69) 
6 (21.4) 20 (29) 
6 (21.4) 16 (23) 
2 (7) 9 (13) 
2 (7) 4 (6) 
14 (50) 24 (35) 
19 (68) 49 (71) 
9 (32) 20 (29) 
4 (14) 3 (50) 22 (32) 
7 (25) 1 (17) 13 (19) 
16 (57) 2 (33) 30 (43) 
1 (3.6) 0 4 (6) 


LAS, lymphangiosarcoma; and NR, not recorded. Data are number 


more than 2000 mL of blood (nine patients with visceral 
tumors, one patient with a truncal primary tumor, and 
one patient with an extremity tumor), with a median 
blood loss of 4850 mL. 

There were a total of 13 other complications in these 52 
patients (25%). Wound complications were seen in three 
patients (one case each of necrosis, dehiscence, and 
infection). Two patients had pulmonary edema, and one 
had atrial fibrillation. There were three urologic compli- 
cations, including one case each of oliguria requiring stent 
placement, urinary tract infection, and hematuria. One 
patient developed an enterocutaneous fistula requirin 
operative repair, and one patient developed a footdrop 
after a second limb perfusion. 

Two patients died after surgery. Both deaths were re- 
lated to hemorrhage. The first patient, who had an MHP, 
had significant bleeding during the operation that re- 
sulted in renal failure and death 3 days after operation. 
The second patient, who had an AS, also had significant 
bleeding at operation and postoperatively developed 
pneumonia and adult respiratory distress syndrome. She 
developed hemoptysis, required a tracheostomy, and fi- 
nally died 5 weeks after surgery and 5 weeks after devel- 
oping a hemothorax and tracheobronchial bleeding. 


Tumor-Related Mortality 


Results of analysis using the Cox model to determine 
tumor-related mortality are shown in Table 4. Two factors 
were clearly associated with an increased rate of death 
due to disease and were entered into the final model: 
noncurative treatment (P<.00001) and clinical presenta- 
tion with metastasis (P= .00007). Figure 1 shows that of 
the 53 patients with localized disease, the curatively 
treated group had an estimated tumor-related mortality of 
20% and 24% at 3 and 5 years, respectively, while the 
median survival in the palliatively treated group was 
35 months (P= .0003). Metastatic spread was the cause of 
death in all six patients with localized disease who died 
after undergoing curative resection. Among patients with 
localized disease who were palliatively treated, five 
deaths were due to local progression, and five deaths 
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Unfavorable Patients With 

Characteristic Characteristic/Total* Pt 
Noncurative treatment 29/69 <.000014 
Presentation with metastasis 16/69 00007+ 
High-grade tumor 49/69 077 
Tumor =5 cm 44/65 NS 
Deep tumor 61/69 NS 
Positive margin 13/52 NS 
Perioperative transfusion 16/52 NS 
Female 33/69 NS 
Age=50 y 40/69 NS 
Angiosarcoma 35/69 NS 
Hemangiopericytoma 29/69 NS 
Tumor in extremity 17/69 NS 
Tumor in viscus/retroperitoneum 24/69 NS 
Tumor in head and neck 14/69 NS 
Tumor in trunk 7/69 NS 
Prior radiation therapy 7/69 NS 
Chronic edema 10/69 NS 
Pain 18/68 NS 


*Total values less than 69 represent the total number of patients 
for whom data were available for the specified characteristic. 
+Values are for characteristics analyzed in the Cox model, which 
was based on complete data from 69 patients. NS indicates P>.1. 
Values entered into the final Cox model. 


were due to metastatic spread. Three patients who 
presented with metastatic disease who were curatively 
treated survived a median of 57 months compared with a 
median survival of 13 months for the 12 patients with 
metastatic disease who were palliatively treated. Con- 
versely, among the 28 patients who underwent palliative 
treatment, metastatic disease resulted in a higher rate of 
death than did localized disease (Fig 1, P=.0014). 

Other factors analyzed for a possible association with an 
increased rate of death are presented in Table 4. Grade ap- 
proached significance (P = .077); among those with local- 
ized disease who underwent curative resection, five of 23 
patients with high-grade tumors died, compared with one 
death among the 15 patients with low-grade tumors (Fig 
2, P=.16). All other factors were nonsignificant (P>.1). 

An analysis of multiple factors potentially associated 
with an increased rate of death due to disease was 
performed for the 38 patients whose disease was localized 
and curatively treated (Table 5). No significant factor was 
found. Figure 3 shows the Kaplan-Meier curves of tumor 
mortality by histologic finding among these 38 patients. 
There were equal numbers of patients with AS and MHP 
in each group, and the two curves are superimposable 
except for one late death (more than 5 years after presen- 
tation) in a patient with MHP (P = .83). Only two patients 
with LAS presented with localized disease and under- 
went curative treatment. 


Recurrent Disease 


Fourteen (37%) of the 38 patients presenting with 
localized disease who underwent curative treatment ex- 
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Fig 1.— Tumor-related mortality curves by extent of disease and ex- 
tent of surgery. Squares represent localized sarcomas that were 
managed with curative surgery (n= 38, six patients died during the 
study); triangles, localized sarcomas that were treated with pallia- 
tive surgery (n= 15, 10 patients died during the study); circles, met- 
astatic sarcomas that were treated with curative surgery (n=3, all 
patients died during the study); and diamonds, metastatic sarcomas 
that were treated with palliative surgery (n= 13, no patients died 
during the study). P=.0014 for survival after palliative surgery 
among patients with localized sarcoma vs patients with metastatic 
sarcoma. P=.00028 for survival of patients with localized sarcoma 
who underwent curative vs palliative surgery. 
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Fig 2.—Tumor-related mortality curves by tumor grade (squares in- 
dicate low-grade tumors [n= 15, one patient died during the study], 
and crcles, high-grade tumors [n = 23, five patients died during the 
study.) for patients with localized disease who underwent curative 
treatment. P =.16 for survival among patients with low-grade tumors 
vs thcse with high-grade tumors. 


perienced recurrence a median of 11 months after treat- 
men: (range, 1 to 40 months), and 11 (79%) of these 
14 patients experienced recurrence by 24 months after 
treatment (Fig 4). The site of first recurrence was distant 
in eight patients (57%; median time after treatment, 10 
months) and local in six patients (43%; median time after 
treatment, 24 months; P=0.13). Results of the analysis of 
prognostic factors for the rate of development of a distant 
metastasis after curative treatment of localized disease are 
shown in Table 5. No significant variables were found 
(P> 1). The rate of developing a distant metastasis was no 
different for patients with either AS or MHP who had lo- 
calized disease that was treated curatively (Fig 4, P= .76) 

There was no difference in survival after the develop- 
mert of a first metastasis between patients who presented 
with metastasis and those who developed a metastasis 
after treatment (P = .81, Fig 5). Of the 10 patients with lo- 
calized primary disease who were curatively treated and 
developed metastases, six died of disease and three were 
alive 1.0, 17.5, and 29.5 months after the development of 
metastasis. One of these 10 patients had no evidence of 
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Variable 











Tumor grade (high vs low) 
Tumor depth (deep vs shallow) .88 47 
Tumor size (<5 cm vs >5 cm) .28 .60 








Tumor margin (positive vs negative) 75 39 


Angiosarcoma vs other 
histologic findings 58 ae 






Hemangiopericytoma vs 











other histologic findings .99 .86 
Edema vs no edema 59 .27 
Pain vs no pain .65 18 
Male vs female 82 .97 
Age (>50 y vs <50 y) .87 27 
Tumor located in extremity 

vs other sites Pai .64 
Tumor located in viscus/ 

retroperitoneum vs other sites .63 15 










Perioperative blood transfusion 
vs no perioperative transfusion 


“Analysis was limited to patients presenting with localized 
disease who underwent curative therapy (n=38). 
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Fig 3.—Tumor-related mortality curves by histologic tumor type for 
patients with localized disease who underwent curative treatment. 
Squares indicate patients with angiosarcoma (n= 18, two patients 
died during the study); circles, patients with hemangiopericytoma 
(n= 18, three patients died during the study); and triangles, patients 
with lymphangiosarcoma (n= 2, one patient died during the study). 
P = .83 for survival among patients with angiosarcoma vs those with 
hemangiopericytoma. 


disease 32.1 months after complete removal of a regional 
node metastasis. All but one of the 11 patients with local- 
ized primary disease who were treated palliatively died. 
The last patient was alive with disease 88.4 months after 
multiple operations for recurrent MHP of the pelvis and 
retroperitoneum. Five of the 10 deaths in the palliatively 
treated group were due to local progression of disease 
rather than to distant metastasis. 


COMMENT 


In this study of malignant vascular soft-tissue sarco- 
mas, we were unable to show that tumor grade, size, or 
depth were significantly associated with clinical outcome. 
Grade approached significance when analyzed for all 69 
patients. The issue of tumor grade in this group of sarco- 
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Fig 4.— Survival without distant recurrence by histologic tumor type 
for patients with localized disease who underwent curative resec- 
tion. Squares indicate patients with angiosarcoma (n= 18, four pa- 
tients developed metastasis); circles, hemangiopericytoma (n= 18, 
five patients developed metastasis); and triangles, lymphangiosar- 
coma (n=2, one patient developed metastasis.) P=.76 for survival 
without distant recurrence among patients with angiosarcoma vs 
those with hemangiopericytoma. 
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Fig 5.—Survival after the development of a first metastasis. Squares 
indicate patients whose first metastasis had developed at presenta- 
tion (n= 14, 13 patients died during the study), and circles, patients 
whose first metastasis developed after presentation (n= 15, 11 pa- 
tients died during the study). P=.81 for survival of patients with 
metastasis an presentation vs those who developed metastasis af- 
ter presentation. 


mas remains unsettled in the literature. Girard et al,”? in 
their series of 28 patients with cutaneous ASs in different 
locations, suggested that patients with high-grade lesions 
fared worse than patients with low-grade lesions. Mad- 
dox and Evans,’ reviewing 44 cases of skin and soft-tissue 
ASs, commented that mitotic activity varied tremen- 
dously in individual cases but was commonly elevated in 
solid scalp AS and less commonly elevated in vasoforma- 
tive neoplasms, such as those occurring in the breast. 
Among their clinical groups, patients with vasoformative 
neoplasms and less mitotic activity had the best out- 
comes. Survival in their study was significantly longer for 
patients with cutaneous AS that showed a moderate to 
marked degree of inflammation. In a report of the largest 
series of ASs of the face and scalp, Holden et al? concluded 
that histologically distinguishing a tumor at presentation 
was of doubtful prognostic significance. Rosen et al,’ 
however, demonstrated prognostic significance of tumor 
grade in mammary AS. 

Others have found size to be a helpful prognostic fac- 
tor in evaluating all MHPs*" and AS of the face and 
scalp.** In our study, tumor size or grade alone did not 
demonstrate prognostic significance. Most tumors in our 
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series were high-grade, large, and deep; studies involving 
larger numbers of tumors will be needed to more accu- 
rately determine the prognostic value of these factors. 

Our findings suggest that the particular histopathologic 
tumor types of vascular soft-tissue sarcomas have little 
influence on survival. After categorizing patients by the 
extent of disease at presentation, we found patients with 
ASs and patients with MHPs to be very similar with re- 
spect to tumor-related mortality and length of survival 
without distant recurrence. There were too few LASs in 
this study to comment on the course of this group of sar- 
comas. However, all six of these patients had chronic limb 
edema associated with advanced disease at presentation. 

It should be noted that LAS, as a separate entity, is 
not universally accepted.? Lymphangiosarcomas are of- 
ten included with hemangioendotheliosarcomas in sar- 
coma classification. Admittedly, the microscopic fea- 
tures of LASs are not always sufficiently distinctive to 
separate them from ASs, and one must consider the 
clinical setting in which they arise. Our six cases all 
occurred in lymphedematous limbs and were of similar 
histologic characteristics as the 44 cases reported previ- 
ously by this institution." 

We found no survival differences based on tumor loca- 
tion. If visceral ASs (n=8) are separated from retroperi- 
toneal ASs (n=2), the most common site for ASs in this 
series was the head and neck, as the literature would in- 
dicate.?® The location of MHPs in this study is similar to 
the locations discussed by O’Brien and Brasfield,"° who 
found in an earlier series of hemangiopericytomas from 
this institution that MHPs were predominately nonuter- 
ine, pelvic, and retroperitoneal, with an extremity being 
the second most common site. Pitluk and Conn’ re- 
viewed 173 cases from the literature and found extremi- 
ties to be the most common site (49.7% of cases), followed 
by the retroperitoneum and nonuterine areas of the pel- 
vis (21%). Malignant hemangiopericytomas in intraparen- 
chymatous organs are rare.” Only one of the visceral 
MHPs in this study was parenchymal, originating in the 
right lung. Auguste et al* found that intra-abdominal 
MHPs were more likely to metastasize than MHPsat other 
sites. However, the number of patients with MHP in their 
study who underwent curative resection and the extent of 
their disease at presentation are unclear. We looked crit- 
ically at all sites after curative resection and found no sig- 
nificant difference in length of survival without distant 
recurrence based on site alone. 

The median overall survival for the entire group of 69 
patients was 54 months, which, to our knowledge, is the 
highest median length of survival reported. The 11-month 
and 19-month median survival figures reported recently” 
for AS and MHP are similar to those reported in other lit- 
erature.°* Seventy-seven percent of our patients pre- 
sented with localized disease, and 55% had localized dis- 
ease that was managed with curative treatment, which 
may explain the high median length of survival in our 
patients. Patients who were palliatively treated and who 
presented with localized disease or metastasis had me- 
dian survivals of 35 and 13 months, respectively. 

Survival of patients with this group of sarcomas de- 
pends on a complete surgical excision. This is under- 
scored by the fact that three patients presenting with 
metastatic disease who underwent complete resections of 
all gross metastatic disease showed a tendency to longer 
survival than those palliatively treated. This is in keeping 
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with results of studies in which other soft-tissue sarcomas 
were similarly treated.” The adjuvant treatment admin- 
istered in this series varied with respect to how or when 
chemotherapy and/or radiation therapy was adminis- 
tered, and we hesitate to comment on its effects. Among 
patients who underwent complete resection, those who 
received adjuvant treatment survived no longer than 
those who did not receive adjuvant treatment. There were 
no corsplete responses seen among those treated with 
chemotherapy alone. 

Increasing attention is being focused on possible cases 
of radiation-induced sarcomas. Our study included seven 
patients with vascular soft-tissue sarcomas occurring in 
previously irradiated tissue. Four of these patients also 
had chronic limb edema. One patient had a history of 
Hodgkin’s disease and had received chemotherapy. Of 
interest is that this patient developed an AS in the 
inverted “Y” field in either the spleen or liver. Perhaps the 
best examples of a probable association are the case of an 
AS in the terminal ilium that developed 14 years after 
pelvic radiation therapy for management of a dysgermi- 
noma and the case of a patient who had previously 
undergone irradiation for treatment of a glottic squamous 
cell cancer who developed an AS in the lateral pharyngeal 
wall only 6 years after completing radiation therapy. The 
latter case is unusual in that the radiation dose was higher 
than that reported in other cases, and the latent period 
was shorter.” 

We conclude that the clinical outcomes of patients with 
AS and MHP are essentially the same. Complete excision 
of all gross disease and whether the disease was localized 
or metestatic at presentation were the two factors influ- 
encing survival. This is a consistent finding in reports of 
the treatment of soft-tissue sarcomas. The incidence of 
tumor recurrence was high in patients with localized dis- 
ease who underwent curative resection, occurring in 37% 
of patients. Tumor grade, size, and depth were not inde- 
pendent factors for prediction of survival. However, most 
of the sarcomas in this small sample of adult patients were 
high-grade, large, and deep. These factors have been 
showr to be predictive of poor outcome in large series of 
patients with sarcomas with other histopathologic char- 
acteristics. Surgical resection remains the treatment of 
choice or vascular soft-tissue sarcomas. The role of adju- 
vant therapy in prolonging disease-free survival in these 
patients could not be addressed in this study and is open 
to question. 


This sudy was supported by grant CA47179 from the National 
Institutes of Health, Bethesda, Md. 
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Discussion 


KENNETH COHEN, MD, Brooklyn, NY: Do you have any 
information on tumor-doubling times in these tumors as re- 
flected, for example, by the size of chest x-ray metastases 
followed over time, and whether they correlated with sur- 
vival? 

BERNARD GARDNER, MD, Hackensack, NJ: I would like to 
ask you about the group that was palliative local. I assume 
that this consisted of a group of patients who had very large 
tumors. Did you attempt any kind of method of shrinking 
these preoperatively? Did you use any neoadjuvant chemo- 
therapy or radiation therapy in an attempt to convert these to 
local curative? 

RAPHAEL E. POLLOCK, MD, Houston, Tex: One other type 
of histology that frequently presents as of vascular origin are 
the vascular leiomyosarcomas. I wonder if you have had any 
experience in analyzing that group as well to see if the same 
patterns of grade versus histology correlate with prognosis. 

DR KARPEH: Dr Cohen, we don’t have that information. 

Dr Gardner, as you can see, these tumors involved many re- 
gions of the body. A number of patients presented with large 
face and scalp lesions that would have required an extremely 
morbid operation to resect. These patients were treated with ei- 
ther intra-arterial chemotherapy via the carotid artery or with 
radiation therapy. There were two patients who had isolated 
limb perfusion to treat diffuse disease of the lower extremity. 
Both patients refused amputation. These were novel attempts to 
trying to control localized disease that would have afforded a 
morbid operation. 

Dr Pollock, we didn’t look at that histology group, but it is an 
interesting question and something we can look at. 
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Extremity Epithelioid Sarcoma 


Amputation vs Local Resection 


Pat W. Whitworth, MD; Raphael E. Pollock, MD, PhD; Paul F. Mansfield, MD; 
Jean Couture, MD; Marvin M. Romsdahl, MD, PhD 


è Amputation has traditionally been advised for extremity 
epithelioid sarcoma because of its pattern of innocuous 
presentation and relentless soft-tissue and nodal metastasis. 
To assess the role of amputation in extremity epithelioid 
sarcoma, we reviewed our experience with 42 patients 
treated between 1961 and 1986. On presentation with lo- 
calized primary tumor (n= 18), nine of 11 patients who un- 
derwent wide local excision and four of six patients who 
underwent excisional biopsy were free of disease, and one 
patient who underwent amputation died. After presentation 
with localized recurrence (n= 12), four of six patients who 
underwent wide local excision and two patients who 
underwent excisional biopsy were free of disease; three 
other patients who underwent wide local excision had 
margins that testec positive on pathologic examination, of 
whom one was free of disease; one patient who underwent 
amputation died of disease. On presentation with regional 
metastasis (n = 12), only one of five patients who underwent 
wide local excision and one of seven patients who under- 
went amputation were free of disease. Primary amputation 
offered no apparent overall survival benefit to patients pre- 
senting with regional metastasis. The favorable outcome 
after local resections for localized disease indicates that 
wide local excision with margins that test negative on 
pathologic examination is preferable to radical amputation 
in these patients. 
(Arch Surg. 1991;126:1485-1489) 


}- irst described by Laskowsky in 1961,' epithelioid sar- 

coma was not widely recognized as a distinct subset 
of soft-tissue sarcomas until defined in detail by Enzinger? 
in 1970. This rare soft-tissue tumor frequently displays a 
unique pattern of seemingly innocent initial presentation, 
followed by relentless metastasis to regional soft tissue, 
lymph nodes, and distant sites (lung and soft tissue). 
Typically, epithelioid sarcoma presents as benign- 
appearing dermal nodularity in an area of trauma on the 
hand or foot of a young adult.’* The unsuspecting prac- 
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titioner will often treat these lesions with minor local 
measures such as cauterization or shaving. When patho- 
logic examination is carried out, a diagnosis of inflamma- 
tory granuloma or benign giant-cell tumor is not un- 
usual.*” It is unfortunate that, in the aftermath of this 
typical presentation and minimal local treatment, the dis- 
ease almost invariably recurs, usually demonstrating 
more aggressive local and regional (soft-tissue and nodal) 
growth and uncontrollable distant metastasis.’ 

Once the tumor has progressed to the stage of regional 
soft-tissue metastasis, it is characteristically difficult to 
contain, even with radical amputation.‘ Since the primary 
lesion is frequently not recognized and treated as such, 
many cases progress to this more advanced lesion before 
definitive treatment is attempted. Previous reports have 
therefore emphasized radical amputation’* and radical 
excision*’ as the only potential means of controlling this 
lesion. 

These radical treatment recommendations have been 
based on experiences with small numbers of patients with 
this exceedingly rare tumor.'** Remarkably, the largest 
previous study found no difference in survival associated 
with marginal, wide, or radical resections, but recom- 
mended radical resection.’ We retrospectively examined 
the alternative hypothesis that amputation was of no 
benefit to most patients with epithelioid sarcoma; ie, pa- 
tients with localized disease were adequately treated with 
resections that achieved clear margins on histologic ex- 
amination, whereas patients presenting with regional 
disease were not cured with radical amputation. 


MATERIALS AND METHODS 


We performed a retrospective review of all cases (n= 47) of 
epithelioid sarcoma, excluding patients presenting with distant 
metastases, treated at The University of Texas M. D. Anderson 
Cancer Center, Houston, between 1961 and 1986. These cases 
were identified by a search of the sarcoma database maintained 
by one of us (M.M.R.). The type of presentation, clinical treat- 
ment, survival, and patterns of failure were analyzed for the 42 
patients presenting with extremity epithelioid sarcoma during 
this period (five patients had lesions that were not in the 
extremities). 

The extent of disease at presentation was classified as primary tu- 
mor, local recurrence, or regional metastasis. The group with pri- 
mary tumor (n= 18) comprised patients presenting with localized 
primary tumor after incisional biopsy, or immediately after exci- 
sional biopsy (EB). Patients who underwent immediate wide local 
excision (WLE) after EB were included in this group. The group with 
local recurrence included patients presenting with localized recur- 
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Fig 1.—Overall actuarial survival in patients with epithelioid sar- 
coma presenting with disease limited to the extremity. 


rent tumor and a history of previous complete gross excision. To be 
included in this group, patients had to have local recurrence after 
a disease-free interval before presentation for definitive treatment. 
Pathologic and clinical data were carefully reviewed to ensure that 
patients in these two localized subsets did not simply have close skip 
metastases in nearby soft tissue, as frequently occurs with epithe- 
lioid sarcoma. The group with regional metastasis included pa- 
tients with soft-tissue metastasis confined to the extremity of origin, 
regional nodes, or both. Regional soft-tissue metastasis was defined 
as one or more tumor deposits separated from the primary tumor 
mass by normal tissue and documented clinically (for widely sep- 
arated deposits) or pathologically (for nearby tumor deposits). 

Surgical treatment was categorized as local resection or 
amputation. The group of patients that underwent local resec- 
tion was subclassified into WLE or EB. The designation WLE was 
based on the attending surgeon’s operative report (having 1 to 
2 cm of normal tissue beyond the reactive zone around the tu- 
mor). The histologic status of margins was reviewed in all cases 
designated WLE. Procedures termed WLE by the attending sur- 
geon, but showing margins that tested positive on final patho- 
logic examination (n=3, local recurrence group), remained in 
the WLE classification for purposes of analysis. Single-digit am- 
putation, when employed, was defined as WLE. The term exci- 
sional biopsy was based on the attending surgeon’s report (hav- 
ing less normal tissue margin than those in the WLE group, 
usually through the reactive zone) or a lack of histologic margins 
when gross excision was performed at another institution. Ad- 
junctive treatments such as radiotherapy, chemotherapy (in- 
cluding limb perfusion), and combined radiotherapy and che- 
motherapy were also considered in an effort to determine their 
effect on outcome. 

Kaplan-Meier survival curves were compared using the log- 
rank statistic, based on the “life-test” procedure of the SAS sta- 
tistical software package (Statistical Analysis Systems, Cary, 
NC).° Death from cancer was considered to be the terminal 
event. Follow-up information was obtained by clinic visit, letter, 
or telephone. 


RESULTS 


From 1961 to 1986, 42 patients with epithelioid sarcoma 
limited to the extremities were treated at the M. D. Anderson 
Cancer Center. The extremity distal to the elbow or knee was 
the primary site in 30 patients; the remaining 12 patients had 
more proximal extremity lesions. The upper extremity was 
involved in 25 cases, and the lower extremity in 17. The mean 
age (+SD) at initial treatment was 33=17 years. The male- 
female ratio was 2 to 1. 
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Fig 2.— Comparison of actuarial survival between the three different 
patient presentation subsets (P=.1415). Solid line represents pa- 
tients with localized primary tumor (n=18); dashed line, patients 
with locaized recurrence (n= 12); and dotted line, patients with re- 
gional metastasis (n= 12). 


Follow-up and Survival 


At the time of last follow-up, 15 patients had died and 
27 were living. Median follow-up in the living patients 
was 103 months, whereas median survival in those who 
died was 41 months (range, 5 to 105 months). The overall 
actuarial survival rate at 10 years was 58% (Fig 1). 
Ten-year actuarial survival rates in the groups with 
primary tumor, local recurrence, and regional metastasis 
were 70%, 60%, and less than 35%, respectively (Fig 2). 
Although the patient numbers are small, the difference in 
survival rates between the groups with localized disease 
(primary tumor and local recurrence) and regional me- 
tastasis (Fig3) approached statistical significance 
(P= .0588). Survival rates were lower in men than in 
women (Fig 4). 


Presentation and Treatment Outcome 


Patient presentations fell into the following three broad 
categories: primary tumor (n= 18), local recurrence (n= 12), 
and regional (soft-tissue or nodal) metastasis (n = 12) (Table). 
Regardless of treatment, outcomes were quite different for 
the patients presenting with localized disease than for those 
presenting with regional metastasis. 

Patients Presenting With Primary Tumor.—Median 
follow-up in patients in the primary tumor group was 114 
months. Median survival had not been reached, since 13 
of 18 were still alive. Seventeen of the 18 patients under- 
went local resection of the primary tumor, and one patient 
underwent primary amputation and died of simultaneous 
regional and distant metastases 5 years later. Of the 17 
patients undergoing local resection, 11 underwent WLE 
and six underwent EB at other institutions and were re- 
ferred for further treatment. 

Of the 11 patients in the WLE group, nine were free of 
disease end two died 3 and 4 years after initial treatment. 
One of the two patients who died had received adjuvant 
radiotherapy; he subsequently required salvage amputa- 
tion for regional soft-tissue failure and died 3 years later 
of distant disease. The other patient died of isolated dis- 
tant failure 4 years after initial treatment. Salvage ampu- 
tation for soft-tissue failure was required for a second pa- 
tient in this group; at the time of analysis she was free of 
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Fig 3.— Overall actuarial survival in patients presenting with local- 
ized (solid line) vs regionally metastatic (dashed line) epithelioid 
sarcoma (P = .0588). 


Patients Surviving Free of Disease 


Treatment, No./Total* 


Presentation 


Primary tumor 
Local recurrence 
Regional metastasis 


*WLE indicates wide local excision; EB, excisional biopsy; and 
AMP, amputation. 

tincludes three patients with positive margins (see text for 
explanation). 


disease after undergoing amputation and therapeutic re- 
gional node dissection 14 and 18 years, respectively, after 
initial resection. Three of the nine disease-free patients 
received adjuvant radiotherapy. 

Of the six patients treated with EB, four received adju- 
vant radietherapy after referral to the M. D. Anderson 
Cancer Center, and were free of disease for 7 to 13 years 
after initial treatment. However, two of these patients re- 
quired subsequent amputation for soft-tissue recurrence. 
Two patients died 1 and 9 years after initial treatment. 
Regional soft-tissue failure (one with concomitant nodal 
failure) was seen in both patients within a year of primary 
treatment. 

In summary, of 17 patients treated with local resection 
for primary tumors, 13 were alive without disease and 
four died. Of the 13 disease-free patients, three required 
salvage amputation, one after WLE and two after EB/ 
radiotherapy. In patients who died, treatment failed due 
to isolated distant disease (n= 1), simultaneous regional 
and distant disease (n=2), and sequential regional and 
distant failure (n=1). 

Patients Presenting With Local Recurrence. —Of the 12 
patients presenting with local recurrence of the primary 
tumor, 11 underwent local resection and one underwent 
amputation as the initial treatment. Median follow-up in 
this group was 158 months. Median survival had not been 
reached, since eight patients were still living. 

Six of the 11 patients who underwent local resection 
underwent WLE; four were free of disease 3 to 5 years af- 
ter treatment. One of these four patients underwent sub- 
sequent resection of an isolated pulmonary metastasis 
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Fig 4.— Overall actuarial survival in men (solid line) vs women 
(dashed line) with epithelioid sarcoma (P =.1453). 


and another underwent salvage amputation for soft- 
tissue recurrence. Neither received adjuvant radiother- 
apy, although the other two disease-free survivors did. 
Two of the six patients died, one of regional soft-tissue 
and nodal failure after adjuvant radiotherapy and one of 
isolated distant disease (no radiotherapy). 

Three other patients underwent WLE, but final patho- 
logic examination showed disease in the surgical margins. 
One of these three underwent repeated resection and re- 
peated adjuvant radiotherapy for locoregional soft-tissue 
recurrence and was free of disease 24 years later. Another 
received adjuvant radiotherapy and remained alive with 
regional soft-tissue, nodal, and distant disease. The third 
patient died of regional soft-tissue, nodal, and distant 
disease 4 years later. 

The remaining two patients who underwent local 
resection underwent EB and were referred for further 
treatment. One received adjuvant radiotherapy and was 
free of disease 14 years later. The other underwent mul- 
tiple reexcisions with adjuvant radiotherapy for soft- 
tissue failure for 3 years, and finally required salvage am- 
putation. She was free of disease 15 years later. 

Thus, of 11 patients presenting with local recurrence of 
primary tumor and treated with local resection, seven 
were free of disease, one was alive with disease, and three 
died. Three of the seven disease-free patients required the 
following secondary procedures: resection of lung me- 
tastases in one patient, reexcision/radiotherapy in an- 
other, and amputation in a third. Of the patients who died 
after local resection, one had isolated distant disease, one 
had regional soft-tissue and nodal failure, and one had 
sequential regional and distant failure. The one patient in 
this group who was treated with primary amputation died 
of uncontrollable regional nodal failure less than a year 
after amputation. 

Patients Presenting With Regional Metastasis. — Of the 
12 patients presenting with regional soft-tissue or nodal 
metastasis, seven underwent primary amputation and 
five had local resection. The median survival time in this 
group was 62 months. 

Of the seven patients treated with primary amputation, 
one patient was free of disease 2 years after resection of 
a subsequent regional nodal failure and 5 years after pri- 
mary treatment. The remaining six died of distant disease 
(without regional failure) 2 to 6 years after amputation. 
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Of the five patients treated with local resection, four 
underwent WLE. Three died, one of isolated distant dis- 
ease, one of simultaneous distant and regional disease, 
and one of sequential regional and distant disease. One 
was alive with regional recurrence 3 years after resection 
of distant disease. The fifth patient underwent WLE, but 
had a surgical margin that tested positive on pathologic 
review. Although he received adjuvant radiotherapy, 
salvage amputation was required 3 months later. He was 
free of disease 5 years later. 

In summary, survival in patients presenting with re- 
gional metastasis was poor, regardless of whether initial 
treatment consisted of amputation or local resection. 


Regional Failure 


Thirty-seven patients presented without clinical in- 
volvement of regional lymph nodes. Eleven (30%) ulti- 
mately manifested regional nodal failure. Regional lymph 
node involvement eventually developed in four of the 
seven patients in the group with regional metastasis who 
presented without nodal disease. All of these could be 
resected. Four of the 12 patients who presented with lo- 
cal recurrence later had regional lymph node recurrence; 
three of these underwent resection. Three of the 18 
patients with primary tumor had recurrence in regional 
nodes, all of which were resected. Only two of these 11 
nodal failures occurred in the absence of regional soft- 
tissue failure. Of the five patients who presented with re- 
gional nodal disease, none survived free of disease (one 
patient is alive with disease), though all underwent 
regional lymphadenectomy. 

Regional soft-tissue failure occurred after initial opera- 
tion in 17 (40%) of 42 patients. Four of the five patients 
who presented with regional metastasis treated with lo- 
cal resection exhibited soft-tissue failure; all were control- 
lable with repeated resection (n= 2) or amputation (n= 2). 
No soft-tissue failures occurred in patients who presented 
with regional metastasis who underwent primary ampu- 
tation. Six of the 12 patients with local recurrence suffered 
regional soft-tissue failure (two in the WLE subgroup), 
treatable with reexcision (n = 2) or amputation (n = 4) in all 
cases. As described above, three of these six patients sur- 
vived free of disease. Seven of the 18 patients who 
presented with primary tumor demonstrated regional 
soft-tissue failure after WLE (n=2), EB (n=4), or ampu- 
tation (n=1). Soft-tissue recurrence was controlled with 
salvage amputation in the six patients initially treated 
with local resection. Three of these six remained free of 
disease (one of the two patients who underwent WLE as 
primary treatment). 


Chemotherapy 


Chemotherapy was used inconsistently in the treat- 
ment of these patients with extremity epithelioid sar- 
coma. Two of the patients presenting with localized pri- 
mary disease received adjuvant regional chemotherapy 
and one subsequently died. Four patients presenting with 
local recurrences of primary disease received adjuvant 
chemotherapy (two regional and two systemic). Two 
were alive free of disease (one after regional and one af- 
ter systemic chemotherapy) and the other two died. Five 
patients in the group presenting with regional metastases 
received systemic adjuvant chemotherapy, three of 
whom did not survive. One patient was alive with 


1488 Arch Surg—Vol 126, December 1991 


disease, and one patient was free of disease after 2 years 
of follow-up. 


Patterns of Metastasis 


The cumulative incidence of metastasis in these pa- 
tients was 67% (28 of 42 patients). Regional metastases 
were detected in 26 (62%) of 42 patients overall. Regional 
lymph modes were involved at some time in 17 (40%) of 
42 cases, while regional soft-tissue metastases occurred in 
19 (45% »of 42. Thus, seven patients (17%) exhibited nodal 
involvement as their only site of regional disease, nine 
(21%) Fad soft-tissue spread in the absence of regional 
nodal disease, and 10 (24%) had both soft-tissue and 
nodal metastases at some time in the course of the disease. 

Distamt metastasis occurred in 19 (45%) of 42 cases. Iso- 
lated d:stant disease occurred in three patients (7%). Of 
the 19 patients with distant failure, 16 died, two remained 
alive w th disease, and one (originally treated for local re- 
currence) was free of disease 3 years after resection of an 
isolated pulmonary metastasis. 


COMMENT 


This study of 42 patients with extremity epithelioid 
sarcoma confirms the clinical pattern previously reported 
by several authors.'’*’ This tumor tends to occur in the 
distal extremities of young adults and often pursues a 
unique pattern of innocent presentation followed by 
relentless regional soft-tissue, nodal, and distant metasta- 
sis. Our study is apparently unique because it includes a 
sizable number of patients presenting with localized or 
primary disease who were treated with adequate local re- 
sectiom rather than amputation. 

As in other series,’®’ this study also identified a 
remar«<ably higher disease incidence and worse progno- 
sis in men. In conjunction with recent reports that 
epithelioid sarcoma can cause hypertension via renin se- 
cretion,” this male predominance suggests the possibility 
of endocrine modulation of this rare malignancy and 
warrants further study. Certainly improved means of bi- 
ologic control are needed, since surgical extirpation is ef- 
fective only for early-stage lesions. 

Our findings suggest that radiotherapy may add to lo- 
cal control, as reported by Shimm and Suit. However, 
the number of patients so treated is too small to permit 
definitive recommendations; clear histologic margins 
should be obtained in all cases. The data do not suggest 
that chemotherapy improves the survival of these pa- 
tients; however, the number of patients who received 
chemotherapy is too small for meaningful analysis. 

Lymphadenectomy may be helpful in controlling clin- 
ically detectable nodal disease. However, in view of the 
low (two of 37) incidence of isolated nodal failure, elective 
lymphadenectomy does not appear useful for achieving 
local control or improving survival. 

The results of this study support the hypothesis that in 
cases of primary or localized epithelioid sarcoma, local 
resection that achieves clear surgical margins is adequate 
treatment. Although several patients in our series re- 
quired secondary procedures (salvage amputation or re- 
resection) after initial local resection, this finding does not 
justify a uniform policy of amputation for localized 
epithelioid sarcoma. Such a policy would have required 
amputation in the majority of patients who presented 
with primary tumors and were successfully treated with 
WLE. Primary amputation might have possibly benefited 


Extremity Epithelioid Sarcoma—Whitworth et al 


the patient who died after requiring salvage amputation, 
but this possibility does not justify amputating 10 other 
limbs unnecessarily. While one of six patients who 
presented with local recurrence who underwent WLE 
subsequently died of regional disease, this does not jus- 
tify amputation in the other five. 

Use of the term local resection does not imply that 
incomplete excision of the tumor is acceptable. Optimal 
treatment is WLE with pathologic confirmation of clear 
margins. The finding of involved margins in three pa- 
tients with localized recurrence who ostensibly had WLE 
underscores the need for meticulous pathologic examina- 
tion of tissue margins. Particular attention must be 
focused on fascial planes, tendons, and nerves in the 
specimen since epithelioid sarcoma tends to spread along 
these structures in thin sheets.’ 

Follow-up in this group is relatively short, considering 
that recurrences in the recent review by Chase and Enz- 
inger® occurred as late as 19 years after initial treatment. 
However, the markedly different outcomes between pa- 
tients with localized disease and regionally metastatic 
disease are striking and suggest that local resection with 
clear pathologic margins is adequate treatment for ex- 
tremity epithelioid sarcoma. The relentless course seen in 
patients with regional soft-tissue metastases, even after 
amputation, negates the hope that radical amputation 
might improve survival in such cases. As in other tumor 
systems such as melanoma and breast cancer, regional 
metastasis appears to herald systemic disease and a poor 
prognosis, rather than represent an orderly stage of pro- 
gression that might be halted by amputation. +5! 

In summary, except when required to obtain free mar- 
gins, amputation does not improve outcome in patients 
with extremity epithelioid sarcoma. Patients presenting 
with regional metastases die of systemic disease in spite 
of amputation, whereas those patients with localized le- 
sions are adequately treated with local resections with 
margins that are clear on histologic examination. 
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Discussion 


S. DAVID NATHANSON, MD, Detroit, Mich: I have a ques- 
tion about the role of regional lymphadenectomy in this dis- 
ease. There is some suggestion from the literature and also 
from my own experience that there is a fairly high incidence 
of regional lymph node metastases. Would you comment on 
the use of this form of treatment? 

DONALD L. MORTON, MD, Los Angeles, Calif: I am very 
doubtful of your conclusions. My reason is that you are 
comparing such small numbers of patients who had amputa- 
tions. It just seems to me that the numbers are too small to 
make such sweeping conclusions. You are from an institution 
where senior surgeons have long experience in the manage- 
ment of this disease. Don’t you think the reason some pa- 
tients had amputations rather than local excision was because 
the extent of the problem at the time led the surgeons who 
did the amputations to suspect that these people had a more 
aggressive form of sarcoma? As you have pointed out, the 
natural history of this disease is that it spreads along nerves 
and tendon sheaths, and it is very difficult to know that you 
actually, in fact, have negative margins. You may even have 
skipped metastasis locally. That’s the reason amputation is 
done in most cases. It may very well be that the local exci- 
sions that did so well did so because these were tumors of 
lower biological potential in terms of the capacity for metasta- 
sis. 

DR WHITWORTH: There was a fairly high incidence of re- 
gional lymph node metastasis. This slide shows that a fair 
number of patients who presented with negative nodes did 
ultimately fail in the lymph nodes (11 of 37). This might 
suggest that a prophylactic or elective lymphadenectomy 
would be beneficial. But when we reviewed the data, it 
turned out that only two of these patients had an isolated 
nodal failure. In other words, the remainder failed also in 
regional soft tissues, which suggests that an elective node 
dissection would not have prevented a regional recurrence in 
the patient. 

Dr Morton would agree with all of those comments. The 
surgeons who performed amputations in the patients with 
regional metastasis did so because they thought this was the 
optimal way to take care of the patient. Unfortunately, that 
did not improve survival. Those patients had a very poor 
prognosis regardless of their initial treatment. As you saw, 
several patients who presented with regional metastasis had 
wide local excisions. Those patients also had a very poor 
prognosis. On the other hand, the patients who were treated 
with local resection for localized disease did quite well with- 
out an amputation. Our goal with this study was to deter- 
mine whether amputation could be omitted in patients with 
localized disease. I think the reason we had gone in the 
direction of amputating patients more frequently with local- 
ized disease was because of the relentless progression seen in 
the patients with regional metastasis. This did reassure us 
that a local resection is an adequate treatment for localized 
disease, regardless of what happens in the patients with 
more advanced disease. 
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© Surgery alone or supplemental radiation is effective in lo- 
cal control in a majority of patients with nonrhabdomyo- 
sarcoma of the soft tissue. To determine the factors influenc- 
ing subsequent survival, a retrospective review of 64 chil- 
dren with nonrhabdomyosarcoma of the soft tissue of the 
extremities was performed. Using the American Joint Com- 
mittee on Cancer staging system, 32 patients had noninva- 
sive T1 lesions, and 31 of these patients survived disease free. 
Twenty-two patients had lesions that were smaller than 
5 cm; 19 of these lesions were grade G1-2. All 22 patients 
survived. Ten patients had tumors that were 5 cm or larger, 
and all were G1-2; nine of these patients survived. Thirty- 
two patients had invasive (T2) lesions; seven of these lesions 
were smaller than 5 cm, but four were G3. Only one patient 
survived. Eighteen (72%) of 25 lesions that were 5 cm or 
larger were G3. Fifteen (83%) of these 18 patients under- 
went relapse, with 12 patients dying of the disease. Impor- 
tant prognostic factors included G3 lesions, with a 72% (18 
of 25 patients) failure rate, and T2 lesions, which were gen- 
erally larger than 5 cm, of higher grade, and underwent re- 
lapse more frequently than T1 lesions. These patients with 
histologic G3 and T2 lesions may benefit from chemother- 
apy. 

(Arch Surg. 1991;126:1490-1495) 


S oft-tissue sarcomas represent the fourth most common 

group of solid tumors seen in children and 
adolescents.'* Rhabdomyosarcoma is the most common 
of the soft-tissue sarcomas. All other sarcomas have been 
collectively designated as nonrhabdo soft-tissue sarcomas 
(NRSTSs). These tumors of somatic tissue are derived from 
primitive mesenchyme. Though sharing some common 
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biologæ characteristics, they represent diverse histologic 
entities. While unanimity in therapeutic approaches has 
been generally accepted for rhabdomyosarcoma, the treat- 
ment cf children with NRSTS has yet to be standardized.** 

The traditional primary treatment for these NRSTSs has 
been complete surgical resection whenever feasible with 
supplemental postoperative radiation therapy in those 
patients in whom margins were considered inadequate. 
These two modalities account for almost 80% of the local 
contral.*’ However, the estimated disease-free survival is 
only 5)% in reported series.*’ The purpose of this review 
was tc identify those subsets of patients who may benefit 
from edditional therapy. 


PATIENTS AND METHODS 


Sixty-four children and adolescents with an NRSTS of the ex- 
tremity were treated at St Jude Children’s Research Hospital, 
Memp iis, Tenn, between July 1965 and July 1990. The median 
age at diagnosis was 12 years (range, 2 months to 21 years). 
Thirty-one (48%) of these patients were boys, and 12 (19%) were 
black. The most common histologic variant seen was synovial 
sarcoma (30 patients), with malignant fibrous histiocytoma (nine 
patien*s) being the next most commonly seen variant. Other less 
commen histologic subtypes included neurogenic sarcoma 
(seven patients), fibrosarcoma (seven patients), hemangioperi- 
cytoma (three patients), and liposarcoma (three patients). The 
remairing five patients had either an alveolar soft-part sarcoma, 
clear-c=ll sarcoma, extraskeletal chondrosarcoma, epithelioid 
sarcoma, or angiosarcoma (Table 1). These latter five variants are 
repres=nted collectively since they have shown similar behav- 
ioral cxaracteristics. 

The complete medical records of all patients were reviewed. 
For patients referred from other institutions following surgery, 
the operative records, gross pathologic reports, histopathologic 
specimens, and, where applicable, results of diagnostic imaging 
studies were reviewed. 

We used the recently approved TNM system used by the 
American Joint Committee on Cancer as derived from the 
Union International Contre le Cancer (UICC).®’ According to 
this system, T1 lesions are confined to the tissue or organ; 
they ere grouped into lesions that are smaller than 5 cm or 
5 cm or larger. Lesions that involve contiguous tissue or 
organs are T2 lesions, and they too are grouped into lesions 
that are smaller than 5 cm and 5 cm or larger. The histologic 
grade (G) was determined using a schema devised by the 
currert Pediatric Oncology Group Pediatric Soft Tissue Sar- 
coma Pathology Committee (Table 2). This grading schema 
was roughly based on that devised by Costa et al, with the 
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Invasiveness/ 
Size/Grade* No. 


T1/A/G1-2 
T1/B/G1-2 
T2/A/G3 
T2/B/G1-2 
T2/B/G3 
TI/A/G1-2 
T1/B/G1-2 
T1/A/G3 
T1/A/G1-2 
T2/A/G3 
T2/B/G3 
T1/A/G1-2 
T1/B/G1-2 
T2/B/G1-2 
T2/B/G3 
T1/A/G1-2 
T1/B/G1-2 
T2/A/G1-2 
T2/B/G1-2 
T1/A/G1-2 
T2/B/G1-2 
T1/A/G1-2 
T2/A/G3 
T2/B/G3 
TI/A/G3 
T2/B/G3 


Variant 


Synovial sarcoma (m= 30) 


Malignant fibrous 
histiocytoma (n =9) 


Neurogenic sarcoma 
(n=7) 


Fibrosarcoma (n=7) 


Liposarcoma (n =3) 


Hemangiopericytoma (n =3) 


Others (n=5) 


Total 
*A indicates <5 cm; B, =5 cm. 


proviso that the behavior of certain childhood sarcomas is 
based on histologic type and not cytologic features, mitoses, 
or necrosis. 

The histopathologic diagnosis and assessment of the grade 
were performed by one pathologist (D.P.). The invasive as- 
pect of the tumor (T) was determined from the diagnostic 
imaging studies, specifically angiograms, computed tomo- 
graphic and magnetic resonance imaging studies, operative 
records, and pathologic examinations (ie, gross and micro- 
scopic descriptions). 

The size of the tumor was primarily determined from gross 
pathologic review and secondarily determined from the opera- 
tive report or results of the physical examination or diagnostic 
imaging studies. The nodal status was available for those 
patients who underwent regional node dissection. In general, 
these patients represented those with proximally situated le- 
sions. In patients with primary lesions more distally situated or 
in those patients with documented metastatic disease, a clinical 
evaluation of the nodes was documented. Metastatic disease was 
documented with diagnostic imaging studies. 

Those referred patients in whom residual disease was sus- 
pected on review of the operative report or postoperative diag- 
nosticimaging studies underwent re-exploration. The remaining 
initial workup consisted of routine hemography, chemistry 
analysis, renal and liver function studies, bone scans, and a bone 
marrow examination. 
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Nodal 
Involvement 


No. of Patients 


Metastatic at 
Diagnosis Alive Dead 


Underwent Relapse 
and Survived 





The correlation among tumor invasiveness, tumor size, and 
histologic grade was assessed by Pearson’s correlation coeffi- 
cient. Survival time was measured from the date of diagnosis, 
with patients who were alive at last follow-up being censored. 
The association between survival and selected independent 
variables was assessed using Cox regression methods. The vari- 
ables analyzed included tumor invasiveness, size, and grade; 
use of chemotherapy; use of radiation therapy; and a diagnosis 
of synovial sarcoma or malignant fibrous histiocytoma. 


RESULTS 


Thirty-one patients underwent re-excision, and sus- 
pected residual disease was found in 11 (35%) of these 
patients. Thirty-two patients underwent regional lymph 
node dissection, but nodal involvement was evident in 
only two of these patients. Five (7.8%) of the 64 patients 
presented with metastatic disease at diagnosis (Table 1). 


Relationship Between Invasiveness, Size, 
Grade, and Survival 
Thirty-two patients presented with T1 (noninvasive) 
lesions (Tables 1 and 3) (Figure). In 22 (69%) of these pa- 
tients the primary lesion was smaller than 5 cm, and in 19 
(59%) of these patients the lesions were either G1 or G2. 
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Grade 1 (G1) 





Myxoid, well-differentiated liposarcoma; 
deep-seated dermatofibrosarcoma 
protuberans; extraskeletal myxoid 
chondrosarcoma; well-differentiated 
leiomyosarcoma, malignant 
hemangiopericytoma, peripheral nerve 
sheath tumor, infantile fibrosarcoma 


Table 2.—Pediatric Oncology Group (POG) Sarcoma Grading System* 
Grade 2 (G2) 


Sarcomas not included in G1 or G3, 
with <15% necrosis, a mitotic index 
of <5/10 per high-power fied, and 
absence of marked nuclear atypia or 
cellularity; fibrosarcomas ard 
malignant hemangiopericytemas in 
children younger than 4 y are G1 or G2 
despite high cellularity/mitctic index 







Grade 3 (G3) 








Pleomorphic liposarcoma; 
mesenchymal chondrosarcoma; 
extraskeletal osteosarcoma; triton 
tumor; alveolar soft-part 

sarcoma; all other sarcomas not 

in G1 or G2, with >15% necrosis, 
mitotic index of >5/10 per 
high-power field 


















“The POG grading system uses a multifactorial analysis of histologic criteria, along with necrosis, mitotic index, and cellularity. 


Table 3.—Relationship Between Invasiveness, Size, and Grade of Lesion to Survival 


Grade 


Lesion Size* 





Noninvasive (n = 32) 


Invasive (n = 32) 


Alive Dead 





No. of Patients 


eH 


Underwent Relapse 
and Survived Total 









© 


u U O O ©>Ə ăĥO O © 





*A indicates <5 cm; and B, =5 cm. Note the preponderance of B lesions and G3 lesions. 
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10 20 
Survival, y 


Survival of patients with nonrhabdomyosarcoma of the soft tissue 
by tumor invasiveness and grade. Tick marks indicate censored ob- 
servations. Note the differences in survival of patients with T1 vs T2 
lesions; survival of patients with G1-2 lesions vs T2/G3 lesions is 
highly significant (P<.0001). The number of patients experiencing 
failure was as follows: T1, one patient; T2/G1-2, three patients; and 
T2/G3, 18 patients. 


Of the remaining 10 patients with lesions that were 5 cm 
or larger (group B), all had G1-2 lesions. Only one patient 
in this group whose lesion was classified as T1/B/G2 died 
of disease. The histologic diagnosis of this lesion was 
synovial sarcoma. 

Thirty-two patients had T2 (invasive) lesions. In seven 
patients, the size of the primary lesion was smaller than 
5cm (group A). Four (57%) of these seven patients had G3 
histologic characteristics, and three died of their disease. 
Of the remaining 25 patients, seven were classified as 
having T2/B/G1-2 lesions. Two (37%) of these seven 
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patients died of their disease. Of the remaining 18 patients 
with T2/B/G3 lesions, 12 have died of their disease. An 
additional three patients who underwent relapse (ie, pul- 
monary metastasis) survived following multiple thoraco- 
tomies 8, 20, and 24 months after diagnosis. Only three 
patients survived 6, 4, and 4 years after diagnosis without 
evidence of disease. All five patients presenting with 
metastatic disease had invasive T2 lesions, and four (80%) 
of these five had tumors that were 5 cm or larger (B). 

By univariate Cox regression analysis, patient survival 
was associated with tumor invasiveness (P<.0001), tumor 
grade (P<.0001), and tumor size (P= .01), with the use of 
chemotherapy being marginally significant (P=.06). In 
the multivariate model, only tumor invasiveness and 
grade retained significance (overall P<.0001). 


Relationship Between Histologic Features, Tumor Size, 
Invasiveness, and Grade 


Ne patients with histologic subtype fibrosarcoma or li- 
posarcoma had G3 lesions (Table 1). At the other end of 
the sdectrum, all patients with “other” histologic variants, 
irrespective of T or size, were noted to have high-grade 
(G3) lesions. 

A somewhat decreased “malignant potential” was 
noted for malignant fibrous histiocytoma (six [67%] of 
nine patients with G3 lesions), synovial sarcoma (10 [33%] 
of 30 patients), and neurogenic sarcoma (two [28%] of 
seven patients) compared with the other sarcomas. Tu- 
mor invasiveness, tumor size, and histologic grade were 
all associated with each other. The correlation between 
invasiveness and grade was the largest (r= .61; P<.0001). 
The sample correlation coefficient between size of tumor 
and invasiveness was r=.47 (P<.0001), while that be- 
tween size of the tumor and grade was r=.28 (P=.03). 
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aie 


However, no specific association was noted between ei- 
ther synovial sarcoma or malignant fibrous histiocytoma 
and invasiveness, size, or grade of tumor. 


Relationship Between Histologic Features, Invasiveness, 
Size, Grade, Metastasis, and Ultimate Survival 


Ten (33%) of 30 patients with synovial sarcoma had G3 
lesions (Table 1). Twelve (40%) of the 30 lesions were 
smaller than 5 cm. Two patients presented with nodal 
disease, and one had disseminated disease at diagnosis. 
Six (75%) of eight patients who died had G3 lesions. 

A wide spectrum of patients was seen with malignant 
fibrous histiocytoma. There was an almost equal number 
of T1 lesions (four patients) and T2 lesions (five patients). 
Of interest, six of these lesions were smaller than 5 cm, but 
four (67%) of six were G3, suggesting that malignant 
fibrous histiocytoma lesions tended to be more aggres- 
sive. Despite this, the survival rate was good, with only 
a third of the patients dying of this disease. 

With respect to neurogenic sarcoma, although a major- 
ity of patients (five [71%] of seven) had larger lesions (=5 
cm), only two were high grade. Both patients who died 
of this disease had T2/B/G3 lesions. There were no G3 le- 
sions in patients with histologic diagnosis of fibrosarcoma 
or liposarcoma. Of the 10 patients, only one (10%) died of 
disease. There were no discerning characteristics in pa- 
tients with hemangiopericytoma. 

Patients presenting with diagnosis characterized as 
“other” had the worst prognosis. Three (75%) of the 
four patients with T2/B/G3 lesions had metastatic dis- 
ease at diagnosis. All four of these patients died. The 
only two patients presenting with lymph node me- 
tastasis had a histolegic diagnosis of synovial sarcoma. 
Five patients presented with disseminated disease at 
diagnosis. Their survival was generally poor. Only one 
patient surviving 4 years had an extraosseous chondro- 
sarcoma (“other”). In the other four patients, survival 
ranged frem 1 to 9 months. 

Seventeen patients underwent a relapse. The time to 
relapse ranged from 2 to 52 months (median time, 11 
months). Following relapse, the 14 patients survived from 
1 to 30 months (median survival, 4 months). Three 
patients survived 8, 20, and 24 months following multiple 
thoracotomies and chemotherapy. 


Treatment of Primary Lesion 


Treatment of the primary lesion was simple excision or 
biopsy in three (60%) of five patients presenting with 
metastatic disease. A primary amputation was performed 
in 15 patients. A wide local excision or en bloc resection 
was the primary procedure in the remaining 46 patients. 
Only two of these 46 patients underwent a relapse locally 
and required amputation for local control. 


Additional Therapy 


Sixteen patients received radiation therapy. In two of 
these patients, radiation therapy was administered before 
surgery for an unresectable primary tumor. In five pa- 
tients the radiation therapy modality used was interstitial 
brachytherapy. Radiation therapy dosages ranged from 
36 to 60 Gy. Of the remaining nine patients receiving 
postoperative radiation therapy, seven also received ad- 
juvant chemotherapy. Three of these patients died of 
metastatic disease. None of the 16 patients receiving ra- 
diation therapy had local failure. Following resection in 21 
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patients, adjuvant chemotherapy was administered on 
one of the existing sequential protocols. Nine of these pa- 
tients died, and one has undergone a relapse. 


Relationship Between Adjuvant Chemotherapy, 
Grade of Tumor, and Survival 


Adjuvant chemotherapy was administered to 28 pa- 
tients (21 underwent chemotherapy alone and seven un- 
derwent chemotherapy and radiation therapy). Of the 14 
patients with either G1 or G2 lesions, three either under- 
went a relapse or died. In contrast, 10 (71%) of the 14 pa- 
tients with G3 lesions receiving adjuvant chemotherapy 
either underwent a relapse or died. The use of chemo- 
therapeutic agents or radiation therapy was not associ- 
ated with invasiveness, size, or grade. However, patients 
diagnosed with synovial sarcoma were more likely to 
have received chemotherapy (18 [60%] of 30 patients) than 
other patients (10 [29%] of 34 patients; P=.01). 


COMMENT 


Soft-tissue sarcomas account for approximately 6% of 
all malignant neoplasms in the pediatric age group.'* 
Although effective therapeutic plans have been gener- 
ated for rhabdomyosarcoma from multiple clinical tri- 
als,’ therapeutic guidelines are lacking for the group of 
sarcomas collectively referred to as NRSTS. Their rar- 
ity, heterogeneity of primary sites, and histologic sub- 
types have precluded detailed study of their natural 
behavior and responsiveness to therapy. Though much 
has been gleaned from the adult literature, certain his- 
tologic subtypes, such as fibrosarcomas, behave much 
differently in infants and children.” Moreover, treat- 
ment modalities often have to be tailored to the skele- 
tal maturity of the child. 

For patients with NRSTS, surgery remains the initial 
treatment of choice.*” Since these lesions are sur- 
rounded by a pseudocapsule, our initial approach for di- 
agnosis is either with a Tru-cut needle (Baxter Co, Deer- 
field, Ill) or incisional biopsy. Following pathologic 
confirmation, a wide local excision that includes a normal 
rim of tissue is indicated.’ A controversial point is what 
constitutes an adequate margin. An excisional biopsy per 
se is associated with a local recurrence rate of 60% to 70%, 
but with a margin encompassing 2 cm or more, this drops 
to 10% to 15%.*"* Although local recurrence following 
amputation is unusual, most centers recommend a limb 
salvage procedure (ie, wide local excision, en bloc, or 
compartmental resection) as primary treatment. 

The choice of amputation as primary treatment has de- 
creased from a rate of 40% to about 5% to 10% in most adult 
series.™”” Following wide local excision, the addition of ra- 
diation therapy facilitates local control in the 80% to 90% 
range.”””’ Our amputation rate of 23% (15 of 64 patients) 
seems inordinately high compared with those in most adult 
series. However, when the choice is wide local excision plus 
radiation therapy (40 to 60 Gy) ina skeletally immature child, 
radical surgery in this context is, in a sense, discriminatory. 
Amputation here obviates the musculoskeletal deformity or 
the risk of second malignancy. Our local failure rate of 4% 
(two of 46 patients) is comparable with or lower than most 
adult series.’ In our patients, there were no local failures 
in the 16 patients who underwent a wide local excision and 
supplemental radiotherapy. 

The role of regional node dissection is controversial. In 
a collective review involving more than 2500 patients, 
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Mazeron and Suit” showed an incidence of lymph node 
metastasis to be around 3.9%. In that series, among the 
histologic variants, the incidence of nodal involvement 
showed wide discrepancies (1% to 60%). Within their own 
group of 323 patients, Mazeron and Suit noted that 
higher-grade sarcomas (G3) had a 12% incidence of nodal 
involvement, compared with 2% for G2 lesions and 0% for 
G1 lesions. A similar collective series in children with 
NRSTS is not available. 

In our patient population, lymph node dissection was 
performed in clinically appropriate conditions. In 32 
(54%) of 59 patients a regional node dissection was per- 
formed, and in only two (6%) of these patients were the 
results positive, which is similar to the rate seen in adult 
series. Despite the adequate local control in our series, 22 
(34%) of 64 children underwent relapses, 19 of whom died 
of their disease (Tables 1 and 3). 

Prognostic factors such as male gender, older age, tu- 
mor size, symptom duration, depth of invasion, presence 
of calcification, or histologic patterns that predict recur- 
rence and failures despite adequate local control have 
been identified.”'*”! In our series, there seemed to be an 
equally favorable prognosis in patients with either the 
monophasic or biphasic synovial sarcomas. Younger pa- 
tients had less aggressive lesions, with only 10 (33%) of 30 
having G3 lesions (Table 3). In recent years the consensus 
has been that the two major factors affecting prognosis 
have been size (>10 cm) and grade of tumor.”'*”° 

Variability exists in grading systems. In some, tu- 
mors are classified as GI-IV, and other systems use 
only G1-3. The recent staging system adopted by the 
American Joint Committee on Cancer is derived from 
the Union International Contre le Cancer system. In 
addition, we used a grading system developed by the 
Pediatric Oncology Group, which was modified from 
that used by Costa et al.” 

The results of our study show that tumor invasive- 
ness and grade are significant factors in the overall 
survival of pediatric patients with NRSTS (Figure). Size 
of tumor and histologic subtype did not attain signifi- 
cance. Although there were equal numbers of patients 
with noninvasive T1 lesions and invasive T2 lesions 
(Table 3), a striking feature was observed in the T1 
lesions, 22 of which were smaller than 5 cm and 19 of 
which were of low grade. Within this group of patients 
with T1 lesions, there was only one death. 

A marked contrast existed for patients with T2 lesions. 
Only seven (22%) of 32 patients had smaller (<5 cm) le- 
sions; however, 22 (69%) of these T2 lesions were of a 
higher grade and 18 (82%) of these 22 patients underwent 
a relapse. In our group of patients, we also assessed the 
relationship of grade with the histologic variants (Table 1). 
Of note is the absence of any G3 lesions among patients 
with fibrosarcoma or liposarcoma histologies. In striking 
contrast, all patients with “other” variants had G3 lesions. 
The distribution of higher grade (G3) lesions varied for 
histologic subtypes, such as malignant fibrous histiocy- 
toma (six [67%] of nine patients), synovial sarcoma (10 
[33%] of 30 patients), and neurogenic sarcoma (two [28% ] 
of seven patients). Here again children with larger tumors 
and higher grades experienced failure. 

The role of adjuvant chemotherapy is still unclear. In 
our population of 64 patients, 21 (33%) received adjuvant 
chemotherapy alone, and seven patients received it in 
conjunction with radiation therapy. In this group of 28 
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patients who received chemotherapy, 14 had G1 or G2 le- 
sions. Three (21%) of these 14 underwent relapses. This 
relapse rate is similar to rates seen in patients treated with 
local measures only. However, in the group of 14 patients 
with G3 lesions who received chemotherapy, 10 (71%) 
experienced failure, suggesting that the chemotherapeu- 
tic regimen was ineffective.*” However, this retrospective 
study covered 25 years. The chemotherapeutic regimens 
and intensity of their use have varied, making direct 
comparison difficult. 

Since no association was detected in multivariate anal- 
ysis between use of chemotherapy and survival, its role 
in the curability of NRSTS is debatable. The initial 
randomized trial conducted at the National Cancer Insti- 
tute using cyclophosphamide, doxorubicin, and meth- 
otrexate suggests that adjuvant chemotherapy prolongs 
disease-free survival significantly.” The European Orga- 
nization on Research and Treatment of Cancer random- 
ized trial used cyclophosphamide, vincristine, doxorubi- 
cin, ard dacarbazine in two regimens.” The response 
rates in their study were in the range from 50% to 60% for 
patients who were in good general condition. 

Recently, Bader et al,“ using intensive combined- 
modalty therapy, showed remarkable responses and 
high local control rates in patients with metastatic or un- 
resectable disease at diagnosis. Newer agents such as 
ifosfamide and etoposide have shown promising re- 
sults.* Other studies have suggested use of preoperative 
chemctherapy for the management of unresectable pri- 
mary lesions or use of intra-arterial chemotherapy to both 
improve resectability and prolong disease-free survival.” 
To assess the effectiveness of adjuvant chemotherapy, a 
randomized trial has been undertaken by the Pediatric 
Oncology Group. The results of this trial may increase our 
understanding of the natural history of this heteroge- 
neous group of diseases and improve its management. 


ADDENDUM 


Since completion of this analysis, one patient with syn- 
ovial sarcoma (T2/B/G3 lesion) underwent a relapse. The 
only surviving patient with “other diagnosis” has died. 


Thisstudy was supported in part by grants CA-21/65 and CA-23099 
from the National Cancer Institute, Bethesda, Md, and by the Amer- 
ican Lebanese Syrian Associated Charities, Memphis, Tenn. 
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Discussion 


VERNON K. SONDAK, MD, Ann Arbor, Mich: You did 32 lymph 
node dissections and had two patients with positive lymph 
nodes. Under what circumstances do you think lymph node 
dissections are indicated in pediatric nonrhabdo sarcomas? Sec- 
ond, your grading system is different than the grading system 
we use in adults, which is a GTNM system, but you have shown 
very convincingly that grade is important. Should we not be us- 
ing that system rather than “invasive versus noninvasive,” 
which seems more difficult to quantitate? 

WALLEY J. TEMPLE, MD, Calgary, Canada: Your data would 
suggest that high-grade children’s sarcoma more frequently 
metastasize than adult sarcoma if 15 of 18 of your grade 3 lesions 
have recurred. Are these both local and systemic recurrences? In 
adults, high-grade lesions are associated with less than 50% sys- 
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temic relapses. Does this include patients having only local re- 
currence? Secondly, I am interested in your conclusion that you 
should use adjuvant chemotherapy. As you know, in adults we 
are struggling to find a regimen that works. From your presen- 
tation, I presume that you did treat these patients with adjuvant 
chemo, and yet they all relapsed. Thirdly, in the adult popula- 
tion, my experience has been that the neurogenic sarcomas are 
more difficult to control locally. Has that been a problem in the 
pediatric group? 

FREDERICK L. GREENE, MD, Columbia, SC: There has been a 
very interesting sidelight to this small group of patients, in that 
the mothers of these children seem to have a very high incidence 
of carcinoma of the breast. This has been given the name of the 
Li-Fraumeni syndrome. I was wondering if you have looked at 
the mothers at all in this group of patients, because this might 
be a group to screen aggressively. 

MURRAY F. BRENNAN, MD, New York, NY: Can I just focus the 
discussion of these last two pages about lymph node dissection? 
In 1700 adult sarcomas, the prevalence of lymph node positivity 
is less than 3%. Only as illustrated in the last paper is it true, in 
epithelioid sarcoma, 30% to 40%, and in adult rhabdomyosar- 
coma. I think you have demonstrated again very clearly that 
lymph node involvement in childhood and adult sarcomas that 
are nonrhabdo is extraordinarily uncommon. I think you have 
made a very persuasive argument not to do lymph node dissec- 
tion. You did it in 50%; only two of them were positive. Again, 
they were nonrhabdomyosarcomas. 

The second difficult issue is that we follow the pediatricians in 
thinking about the management of adult sarcoma because of 
your data in rhabdomyosarcoma. We have not been able to 
translate such progress into management in adults. I would like 
to know about your comment about the usefulness of effective 
chemotherapy. I think you have demonstrated again that in 
children, in nonrhabdomyosarcoma, there is no effective current 
therapy. I would be very interested if you could give us insight. 
The nodal issue is not an idle one. People in the United States 
get too many node dissections for tumors that never go to nodes. 
I would be very interested for you to tell me what question I 
should be asking in adults as it relates to effective chemotherapy 
for nonrhabdomyosarcomas. 

DR RAO: The lymph node dissection was done in a highly se- 
lect group of patients. That is, in those patients who had prox- 
imal lesions (arm, thigh) wherein an incontinuity dissection 
could be performed. Also, in patients with metastatic disease, 
this was not done. The grading system is the one that is used by 
the Pediatric Oncology Group. This is the only way we can try 
to get a vast number of patients with this category of sarcomas 
(which probably is in the vicinity of 200 a year). 

We need effective adjuvant chemotherapy. What we have is 
adjuvant chemotherapy which is ineffective so far to date. We 
had only two local recurrences that required subsequent ampu- 
tation, so I cannot differentiate one from the other. I agree that 
lymph node dissection probably should not be done in most 
nonrhabdomyosarcomas. The Pediatric Oncology Group has 
instituted a somewhat stratified and randomized study similar 
to the Intergroup Rhabdomyosarcoma study. They use multi- 
agent chemotherapy protocols using vincristine, adriamycin, 
actinomycin, and DTIC in various combinations. Others are try- 
ing ifosfamide and VP16 with other agents. This program was 
instituted by the Pediatric Oncology Group approximately 18 
months ago, and we are hoping to get some answers within the 
next 2 years or so. What we have to look for is an effective che- 
motherapy regimen (somewhat akin to the osteosarcoma proto- 
cols discovered 15 to 20 years ago). To date, what we have is in- 
effective regimens. 
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Brief Summary 
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tolerate ulceration or bleeding less well than others and most spontaneous reports of fatal GI events are in this population. 
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NSAID may precipitate overt renal failure. Patients et greatest ris. are those with impaired renal function, heart failure, liver 
dysfunction, taking diuretics, and the elderly. Discontinuation of the NSAID is typically followed by recovery. Use with caution 
in patients with impaired renal function.as reduced ereatinine clearance results in reduced clearance of the drug. Follaw such 
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of a more severe hepatic reaction. Hematologic Effec’s: TORADOL mhibits platelet aggregation and may prolong bleeding time 
but does not affect platelet count, prothrombin time [PT] or partial thromboplastin time (PTT). Carefully observe patients with 
coagulation disorders or who are receiving drug therapy that interferes with hemestasis. Inhibition of platelet function by 
TORADOL disappears within 24-48 hours after the drug is discontinued. In clinical studies, the incidence of clinically 
significant postoperative bleeding was 0.4% compared to 0.2% in the groups receiving opiates. Drug /nteractions: TORADOL is 
highly bound to plasmaprotein (mean 99.2%). independent of concentration. / vitro binding of warfarin to plasma proteins is 
slightly reduced by TORADOL (99.5% control vs $9.3% with TORACOL 5-10 g/mL}. TORADOL does not alter digoxin protein 
binding. At therapeutic:concentrations of salicylate G00 g/mL), n vitro binding of TORADOL was reduced from 98.2% to 
97.5%, a potential 2-fold increase in unbound TORADOL plasma levels; hence, use TORADOL with caution (or at a reduced 
dosage) in patients being treated with high dese salicylate regmens. Therapeutic concentrations of digoxin, warfarin, 
ibuprofen, naproxen, acetaminophen, phenytoin, tolbutamide and piroxicam did not alter TORADOL protein binding. In a study 
of 12 healthy volunteers:given TORADOL 10 mgorally for 6 days pror to co-administration of a single dose of warfarin 25 mg, 
no significant changes in pharmacokinetics or pharmacodynamics of warfarin were detected. In another study of 12 healthy 
volunteers, co-administeation of heparin 5000 U sz. and TORADOL did not show any pharmacodynamic effects of the 
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the hepatic enzymesscapable of metabolizing itself or other drugs. Some NSAIDs inhibit renal lithium clearance, leading to 
increased plasma concentration. This has not been studied with TORADOL. Some NSAIDs reduce the clearance of 
methotrexate, enhancing its toxicity. This has not been studied with TORADOL. TORADOL has been administered concurrently 
with morphine in clinical trials without adverse interactions. Carcinogenesis, Mutagenesis, and Impairment of Fertility: 
Studies in mice and rats at oral doses equal to or 2.5 times the parenteral MRHD (Meximum Recommended Human Dose), 
respectively, showed no evidence of tumorigenicity. Ketorolac was not mutagenic in tests with S. typhimurium, S. cerevisiae, 
or È coli and did not cause chromosome breakage in the sn vivo mouse micronucleus assay. Impairment of fertility did not 
occur in male or femaie rats at oral doses 4.5 and 8 times the parenteral MRHD, respectively. Pregnancy: Pregnancy Category 
B: Reproduction studies in rabbits and rats with daily oral doses 1.8 and 5 times the parenteral MRHD, respectively, did not 
reveal evidence of harm to the fetus. Ketorolac caused delayed parturition and dystocia in rats at oral doses higher than the 
parenteral MRHD, likeother NSAIDs. There are no adequate and well-controlled studies in pregnant women. TORADOL should 
be used during pregnancy only if clearly needed and no known safer alternatives are available. Labor and Delivery: TORADOLis 
not commended foruse during labor and delivery. Lactation and Nursing: After a single oral dose of TORADOL 10 mg to 
humans, the maximum milk concentration was 7.3 ng/mL and the maximum milk-to-plasma ratio was 0.037. After one day of 
dosing (gid), the corresponding values were 7.9 ng/mL and 0.025. Use caution when TORADOL is administered to a nursing 
woman, Pediatric Use TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac is cleared 
more slowly by the elderly, who are also more sensitive to renal effects of NSAIDs, use extra caution and reduced dosages when 
treating the elderly. Adverse Reactions: Adverse reaction rates from short-term use of NSAIDs are generally 1/2 to 1/10 
the rates associated with chronic usage. This is also true for TORADOL. In studies of aatients treated for up to 1 year, the 
incidence of serious and nonserious ADRs, including GI tract ulceration and bleeding (yearly rate 1.2 to 5.4%), associated with 
oral ketorolac 10 mg, | to 4 times per day prn, was comparable to treatment with aspirin 650 mg prn. Be alert for the usual 
complications of NSAID treatment. The adverse reactions listed below were reported to be probably related to TORADOL in 
trialsin which patients received up to 20 doses of TORADOL 30 mg IM in 5 days. /ncidence greater than 1%: Body as a whole: 
edema. Gl: nausea* dyspepsia” GI pain* diarrhea. Nervous system: drowsiness, dizziness, headache, sweating. Injection 
site pain was reported dy 2% of patients in multidose studies (vs 5% for morphine). *Incdence of reported reaction 3%-9%. 
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urinary frequency, oliguria. Drug Abuse and Physical Dependence: TORADOL is rot a narcotic agonist or antagonist. 
Subjects did not show aay symptoms or signs of withdrawal upon abrupt discontinuation cf IV or IM dosing. Patients receiving 
TORADOL orally for = 6 months have not developed tolerance and there is no pharmacologic basis to expect addiction. 
TORADOL did not exhibit activity in classical animal studies which are reasonable predictors of opiate analgesic action. /a 
vitro, TORADOL does nat bind to opiate receptors. Thus, TORADOL does not have central opiate-like activity. 7 
Lack of experience with acute overdosage precludes characterization of sequelae and assessment of antidotal efficacy. At 
single oral doses > 100 mg/kg in rats, mice and monkeys, symptoms such as decreased activity, diarrhea, pallor, labored 
breathing, rales, and vomiting were observed. Dosage and Administration: T0RADO_ may be used ona regular schedule 
or prn, although current recommendations for pain management are to use analgesics on a regular schedule rather than prn 
based on the return of pain. For the short-term management of pain the recommended initial dose is 30 or 60 mg IM as a 
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Carbohydrate-Binding Protein 35 Is the 
Major Cell-Surface Laminin-Binding Protein in 
Colon Carcinoma 


Edward C. Lee, MD; Hee-Jong Woo, DVM, PhD; Cynthia A. Korzelius; 
Glenn D. Steele, Jr, MD, PhD; Arthur M. Mercurio, PhD 


@ The interaction of tumor cells with laminin is thought to 
be critical in invasion and metastasis. We found that an en- 
dogenous lectin, carbohydrate-binding protein 35 (CBP- 
35), is the major laminin-binding protein on human colon 
carcinoma cells and that its surface expression suggests in- 
volvement in metastasis. We identified CBP-35 by laminin- 
affinity chromatography and immunoblotting. Surface ex- 
pression of CBP-35 on eight human colon carcinoma cell 
lines was compared by flow cytometry. Poorly differenti- 
ated cell lines and DLD-2, a signet-ring carcinoma cell line, 
expressed more surface CBP-35 than well-differentiated 
cell lines. Poorly differentiated cell lines and DLD-2 are 
characterized as aggressive cell lines because they adhere 
to and invade through reconstituted basement membrane 
significantly better than well-differentiated cell lines. These 
data suggest that CBP-35 is involved in tumor cell-basement 
membrane interactions and that an increase in CBP-35 sur- 
face expression may facilitate metastatic potential of colon 
carcinoma cells. 
(Arch Surg. 1991;126:1498-1502) 


T he major cause of morbidity and mortality in patients 

with malignant neoplasms is metastasis. Of all newly 
diagnosed solid tumors, 20% to 60% of patients present 
with metastasis.! The spread of tumor cells from the pri- 
mary site to other organs involves a sequence of complex 
biologic events. Improving our knowledge of the mecha- 
nisms of metastasis at a biologic level could lead to detec- 
tion of the premetastatic state and inhibition of tumor in- 
vasion. The following multistep cascade contributes to the 
initiation of tumor metastasis: (1) tumor cells attach to the 
extracellular matrix, using cell-surface receptors; (2) tu- 
mor cells degrade the matrix by secreting specific pro- 
teases; and (3) tumor cells migrate through degraded ma- 
trix, facilitating metastasis.** Tumor cell-surface receptors 
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that recognize specific components of extracellular ma- 
trix, such as fibronectin, laminin, and collagen type IV, 
play en important role in this progression of invasion.*"! 

Laminin, the major glycoprotein of basement mem- 
brane, regulates many processes important for tumor be- 
havior, including cell growth, differentiation, and 
migretion.**'* Tumor cell adhesion to laminin is medi- 
ated by integrins and possibly by nonintegrin laminin- 
binding proteins (LBPs).°*”'*”” Integrins are a superfam- 
ily of divalent cation-dependent adhesion receptors 
composed of noncovalently bound heterodimers.°*'° We 
showed recently that human colon carcinoma cells use 
multiple integrins to interact with laminin.” In addition, 
however, tumor cells express other nonintegrin LBPs 
whose cellular function is not well established.®’®’* Since 
many cytoplasmic proteins are able to bind laminin, not 
all LBPs are necessarily involved in cell-to-matrix adhe- 
sion. Therefore, surface expression is one of several crite- 
ria that must be satisfied to establish the function of LBPs 
as extracellular matrix receptors. For example, although 
the most studied LBP on carcinoma cells is a 67-kd 
protein, its putative role in laminin adhesion is contro- 
versial, largely because data to demonstrate its surface 
expression are lacking.'®”” 

In this article, we show that a 35-kd protein and not a 
67-kd protein is the major cell-surface LBP in human co- 
lon carcinoma cells. We identified this protein as 
carbohydrate-binding protein 35 (CBP-35). The surface 
expression and biologic function of CBP-35 suggest its in- 
volvement in tumor metastasis. | 


MATERIALS AND METHODS 
Cell Lines and Culture 


Haman tumor cell lines that were initiated from tumor tissue 
and are now well established in serial subculture were used. Cell 
lines CCL 187, CCL 228, CCL 229, and CCL 235 were obtained 
from the American Type Culture Collection.” Clone A” and 
DLD-2” were provided by Daniel Dexter, PhD. CX-1 was 
derived as a subclone from the HT-29 cell line.” MIP 101 was 
obtained from the Mallory Institute of Pathology.” The cell line 
was maintained in RPMI 1640 supplemented with 10-mmol/L 
N-2-hydroxyethyl-piperazine-N’-2-ethane sulfonic acid, 10% fe- 
tal calf serum, 2-mmol/L L-glutamine, 50-mg/L streptomycin, 
and 50 U/L penicillin. Cell cultures were incubated at 37°C in a 
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humidified atmosphere of 95% air and 5% carbon dioxide. All 
media components were purchased (GIBCO Laboratories, 
Grand Island, NY). 


Surface Radiolabeling 


Confluent colon carcinoma cells in tissue culture flasks (25 cm?) 
were surface radiolabeled with sodium iodide I 125 by the 
lactoperoxidase catalyzed iodination method. Details have been 
described previously.* Radiolabeled cells were solubilized at 4°C 
in 10-mmol/L TRIS buffer (pH, 8.0) containing 1% Triton X-100, 
150-mmol/L sodium chloride, 1-mmol/L edetic acid, 2-mmol/L 
phenylmethyl-sulfonyl fluoride, and 1-mol/L each of aprotinin, 
leupeptin, and pepstatin. After 10 minutes, the extracts were 
centrifuged at 14000g for 10 minutes at 4°C. The amount of ra- 
dioactivity incorporated :nto protein was determined by the 
trichloroacetic acid precipitation method. 


Laminin-Affinity Chromatography 

Laminin was purified from Engelbreth-Holm-Swarm sarcoma 
as described previously” and conjugated to Sepharose CN 4B 
(Pharmacia LKB Biotechnology Inc, Piscataway, NJ) at a ratio of 
2 mg of laminin to 1 mL of Sepharose according to the manufac- 
turer’s instructions. Aliquots (200 to 450 uL) of colon carcinoma 
cell extracts containing equivalent protein amounts (500 pg) 
were incubated with 250 aL of laminin-Sepharose at 4°C over- 
night with gentle agitation. The beads were washed four times 
with a high-salt buffer (0.1% Triton X-100, 500-mmol/L sodium 
chloride, 10-mmol/L TRIS chloride [pH, 8.0]). The washed beads 
were then boiled at 100°C in Laemmli sample buffer with 5% 
B-mercaptoethanol for 5 minutes. Proteins bound to beads were 
resolved by 12% sodium dodecyl sulfate—polyacrylamide gel 
electrophoresis. The radiolabeled sample gels were dried and 
exposed to film (X-OMAT AR, Eastman Kodak Co, Rochester, 
NY). 


immunoblotting 


Extracts of colon carcinoma cells were incubated with laminin- 
sepharose beads and washed as described above. The proteins 
were resolved by 12% sodium dodecyl sulfate—polyacrylamide 
gel electrophoresis and transferred to nitrocellulose. The immu- 
noreaction was carried out by incubating with a 1:300 dilution of 
a rat monoclonal anti-CBP-35 antibody. Bound antibodies were 
visualized with the use of a 1:300 dilution of peroxidase- 
conjugated goat anti-rat IgG (Sigma Laboratories, St Louis, Mo). 


Flow Cytometry Analysis 

Human colon carcinoma cells, 1x 10°, were washed three 
times with phosphate-buffered saline (PBS) containing 0.1% bo- 
vine serum albumin. The cells were treated with either nonspe- 
cific rat IgG (control) or a rat monoclonal antibody for murine 
CBP-35 for 30 minutes at 4°C (1:100 dilution). Cells were washed 
three times with phosphate-buffered saline—bovine serum albu- 
min and subsequently incubated with goat anti-rat IgG coupled 
to fluorescein (Sigma Laboratories) (at a 1:100 dilution) for 45 
minutes at 4°C, and then again washed three times with 
phosphate-buffered saline—-bovine serum albumin. Fluorescein- 
labeled cells were analyzed with a fluorescein activated cell 
scanner (Beckton Dickinson & Co, Oxnard, Calif). 


RESULTS 
Characteristics of Colon Carcinoma Cell Lines 


Eight established human colon carcinoma cell lines 
were employed in this study. These cell lines were clas- 
sified on the basis of criteria that relate to their degree of 
differentiation’?! 426-28 (Table). These criteria for classifi- 
cation included histologic characteristics of the original 
tumor, histologic characteristics of xenografts, and carci- 
noembryonic antigen expression. The cell lines clone A, 
MIP 101, and CCL 228 are considered poorly differenti- 
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Grade of 
Original 
Specimen 


CEA, 
ng/10° 
Cells 


Differentiation 
of Xenograft 


Poor* 
Poor” 
Poor” 


Moderate 
well” 
Moderate/ 
well? 
Moderate/ 

well’ 


Well? 


Poor” 
Poor” 
Poor” 
Well” 


Clone A 
MIP101 
CCL 228 
DLD-2 


CCL 235 Moderate” 


CX-1 Not 
determined 


CCL 229 Well” 


(LoVo) 


CCL 187 Moderate/ Well? 


well? 


1916% 


*CEA indicates carcinoembryonic antigen; DT, doubling time. 


ated, while the CX-1, CCL 187, CCL 229, CCL 235, and 
DLD-2 cell lines are classified as well to moderately well 
differentiated. Cells derived from poorly differentiated 
carcinomas form tumors readily in nude mice. Further- 
more, in vitro, these cells adhere avidly to surfaces coated 
with laminin and invade aggressively through reconsti- 
tuted basement membrane.*”* In contrast, cell lines de- 
rived from moderately well-differentiated tumors form 
tumors less readily in nude mice, and, in vitro, these cells 
neither adhere well to laminin-coated surfaces nor invade 
aggressively through reconstituted basement membrane. 
The cell line DLD-2 is distinct from the other moderately 
well-differentiated cell lines because its xenograft histo- 
logic appearance resembles that of a clinically aggressive 
signet-ring carcinoma. This clinical behavior correlates 
with in vitro data that demonstrate that DLD-2 adheres to 
laminin and invades through reconstituted membrane as 
well as poorly differentiated cell lines do.> 


Surface Expression of Colon Carcinoma LBPs 


Clone A is a poorly differentiated cell line that adheres 
well to laminin and invades through reconstituted base- 
ment membranes.” The expression of LBPs on this 
highly invasive colon carcinoma cell was assessed by 
laminin-affinity chromatography of total cell proteins. 
Figure 1, A, shows the spectrum of surface and cytoplas- 
mic LBPs in clone A cells, including 35-kd and 67-kd pro- 
teins. 

The expression of the 35-kd LBP on the cell surface was 
assessed by using surface-radiolabeled tumor cell extracts 
for laminin-affinity chromatography. The 35-kd LBP was 
the predominant surface protein that bound to laminin- 
Sepharose after the beads were washed with a high-salt 
solution (Fig 1, B). This suggests that the 35-kd LBP binds 
to laminin with high affinity. Other LBPs, including a 
67-kd protein, were not detected under these conditions. 
Integrins are not bound to the laminin-Sepharose under 
these conditions because divalent cations are critical for 
their binding to laminin-Sepharose and they have a lower 
affinity for laminin binding. The 35-kd LBP was deter- 
mined to be CBP-35 by immunoprecipitation (data not 
shown) and immunoblotting with monoclonal antibody 
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Fig 1.—Laminin-Sepharose chromatography of clone A extracts. 
Detergent extracts of clone A were incubated with laminin- 
Sepharose, washed, and analyzed by gel electrophoresis (see the 
“Materials and Methods” section). A, Coomassie stain of gel. B, 
Autoradiogram of gel from sodium iodide I 125-surface labeled cells 
with laminin-Sepharose (lane 1) and unconjugated Sepharose (lane 
2). C, Immunoblot of gel obtained with antisera for carbohydrate- 
binding protein 35. 


for murine CBP-35 (Fig 1, C). This showed that CBP-35 
was the major tumor cell-surface LBP after high-salt elu- 
tion. 

To confirm that CBP-35 is expressed on clone A cell 
surface, flow cytometry analysis was performed with the 
use of monoclonal antibody for murine CBP-35. The flow 
cytometry analysis showed that CBP-35 was highly ex- 
pressed on the cell surface (Fig 2). We then examined the 
surface expression of CBP-35 on eight different human 
colon carcinoma cell lines varying in degree of differenti- 
ation by means of flow cytometry (Fig 3). We compared 
the mean fluorescence of these cells stained with fluores- 
cein isothiocyanate-labeled anti-CBP-35. From these 
data, it is evident that the poorly differentiated cell lines 
(clone A, MIP 101, and CCL 228) express twofold to 
threefold more surface CBP-35 than do the well- to mod- 
erately well-differentiated cell lines CX-1, CCL187, 
CCL229, and CCL235. An exception is the cell line DLD-2, 
which expresses the most cell-surface CBP-35 of all cell 
lines tested. 


COMMENT 


Tumor cell adhesion to laminin is thought to be an ini- 
tial step toward invasion.*”** Cell-surface laminin recep- 
tors have been shown to play an important role in this 
process.*? Most of these cell-surface receptors are inte- 
grins, transmembrane glycoproteins consisting of nonco- 
valently bound a- and B-subunits. Colon carcinoma cells 
use at least two distinct integrins in laminin adhesion, 
«281 and a6ß4.” These integrins transfer signals from 
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Fig 2.—Flow cytometry analysis of carbohydrate-binding protein 35 
on colon carcinoma cell surface. Clone A cells were stained with 
nonspecific IgG (solid line) or anti-carbohydrate-binding protein 35 
antibodies (dotted line). 


450 
400 
350 
300 
250 


200 


Mean Fluorescence 


150 





229 DLD-2 


MIP Clone 228 CX-1 187 235 
1 


Cell Line 


Fig 3.—Flow cytometry analysis of carbohydrate-binding protein 35 
on colon carcinoma cells with varying degrees of differentiation. 
Hatched bars represent poorly differentiated cell lines; closed bars, 
well- to moderately well-differentiated cell lines. Mean fluores- 
cence was compared among different cell lines by means of anti- 
carbohydrate-binding protein 35. Data shown are from one set of 
experiments from three different sets. The trend was seen in all 
three experiments. 


extracellular matrix to the cytoskeleton, a process that re- 
sults in the formation of stable adhesive contacts. This 
adhesion is a prerequisite for subsequent invasion and 
metastasis. Inhibition of tumor cell invasion by B1- 
integrin antibodies provides evidence that integrins play 
a vital role in metastasis.’ 

In addition to integrins, most tumor cells express other 
LBPs. These proteins may also play a role in cell-to-matrix 
interaction. We have shown in this report that CBP-35 is 
the major LBP expressed on the colon carcinoma cell sur- 
face. This protein is a well-characterized soluble lectin that 
recognizes the carbohydrate moieties on laminin.'°” It is 
identical to Mac-2, a surface macrophage antigen, and 
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L-34, a lectin characterized in murine melanoma cell line 
B-16 and reported to be involved in metastasis. 163031 Ey- 
idence that CBP-35 may be important for tumor cell func- 
tion is provided by reports showing involvement of lec- 
tins in neural crest cell migration, lymphocyte homing, 
and fertilization. 234 

At a molecular level, CBP-35 contains two distinct do- 
mains. The NH,-terminal comain can be degraded by 
collagenase, and it has repeating Gly-X-Y residues resem- 
bling «-collagen.” The COOH-terminal domain has high 
homology with many 14-kd galactose-specific lectins, 
which have also been associated with metastasis.*3>°” 
The COOH-terminal domain contains the carbohydrate- 
binding site, while the collagen domain may be involved 
in cell-surface binding and/cr oligomerization. Since the 
predicted amino acid sequence of CBP-35 does not contain 
a transmembrane domain or a signal sequence, it is not 
known how the protein is retained on the cell surface. 
Additional structural end mclecular genetic studies must 
be performed to establish precise functional roles for these 
two domains. 

Our earlier reports have shown that cell lines that rep- 
resent more clinically aggressive carcinomas, such as the 
poorly differentiated and DLD-2 cell lines, adhere and in- 
vade through reconstizuted basement membrane signifi- 
cantly better than do the well- to moderately well- 
differentiated cell lines.’ We show in this report that the 
surface expression of CBP-35 correlates well with the 
ability of cells to interact with laminin. The differences in 
ability of the colon carcinoma cells to interact with base- 
ment membrane may explain the more aggressive clinical 
behavior of poorly difzerentiated carcinoma and signet- 
ring carcinoma compared with moderately well- 
differentiated carcinomas. The surface expression of 
CBP-35 may have a functional role in regulating this 
interaction. 

Laminin contains a high ccntent of N-linked carbohy- 
drates (24%), and it is one of the few glycoproteins that 
expresses _ poly-N-acetyllactosamine carbohydrate 
chains.** Carbohydrate-binding protein 35 may be in- 
volved in cellular recognition of these polylactosamine 
chains, thereby playing an important role in tumor cell 
adhesion to laminin. Along with its ability to bind to a 
matrix protein through :ts lectin domain, CBP-35 may also 
function in growth regulation of tumor cells. Like many 
multifunctional cytokines, such as interleukin 1# and fi- 
broblast growth factor, CBP-35 is found in the cyto- 
plasm,* nucleus,” and on the cell surface and in culture 
media.” 

In summary, an endogenous galactose-specific lectin, 
CBP-35, was shown to be the major cell-surface noninte- 
grin LBP on colon carcinoma cells. The differences in sur- 
face expression of CBP-35 on warious human colon carci- 
noma cells indicate that CBP-35 may be involved 
metastasis. This protein funct.ons in tumor cell recogni- 
tion of carbohydrate chains on laminin, a process that may 
be necessary for regulation of tumor growth and invasion. 


This study was supported in part by grant CA-44704 from the Na- 
tional Institutes of Health, Bethesde, Md. 
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Discussion 


DaviD M. OTA, MD, Houston, Tex: You have different cell 
lines thet express varying levels of CBP-35. If you were to inject 
these cell lines intrasplenically to induce liver metastasis, do you 
see a ditference in the number of liver metastasis based on the 
CBP expression in these cell lines? 

MICHAEL H. TOROSIAN, MD, Philadelphia, Pa: I have two 
mechanistic questions regarding LBP and tumor metastasis. 
First, can you inhibit either the in vitro invasiveness or the in vivo 
metastatic potential of this tumor by treating the cells with mon- 
oclonal antibodies to this LBP? Second, is this phenomenon 
specific for colon carcinoma cell lines, or is this a more universal 
finding present with other types of carcinoma cells as well? 

KENNETH COHEN, MD, Brooklyn, NY: Can you compare and 
contrast CBP-35 with the properties and the structure of the 
laminin receptor that was identified at the NIH, please? 

JOHN M. DALY, MD, Philadelphia: In a series of studies done 
at Penn and the Wister Institute with Meenard Herlyn and Noel 
Williams, cell lines repeatedly passaged through a Boyden 
chamber evolved a more aggressive cell line. If you look at your 
three stages of adherence and proteolysis followed by migration 
or motility, the latter two were significantly changed in their 
more aggressive cell line that resulted. But adherence really did 
not change at all. I noticed in your bar graph that you showed 
that there was considerable overlap. How important in this 
whole process that we call invasion is adherence? Is adherence 
a property of all of these cells and we’re just varying it a little bit? 
Are the other two mechanisms much more important? 

RAPHAEL E. POLLOCK, MD, Houston: We know from signal 
transduction work in lymphocytes that adherence or binding in- 
creases the concentration of intracellular free cytosolic calcium. 
Iam wondering if, in your system, CBP-35 ligation of the lami- 
nin receptor also might increase intracellular calcium. 

DR LEE: The L-34, as I was alluding to earlier, Dr Lotan at 
M. D. Anderson, did a metastatic assay using intrasplenic injection 
of L-34, which is the same as CBP-35, and there is an increase in 
hepatic metastasis. But he did not look at the correlation between 
the cell-surface expression of CBP-35 and the metastatic rate. 

We do not believe it is specific for colon carcinoma cell lines, 
because CBP-35 appears on other epithelial cell lines as well. As 
far as your first question is concerned, the antibodies for CBP-35 
block adhesion to laminin on columns when it is in extract form. 
However, antibodies do not block adhesion or invasion in 
in vitre assays. Dr Raz and Dr Lotan have shown that the anti- 
bodies do block hepatic metastasis when you inject it intra- 
splenieally. 

Dr Cohen is alluding to the 67-kd NIH protein. There is no 
structural homology. We have checked with DNA sequencing, 
and there is no structural similarity. Adherence is very impor- 
tant, because that is the triggering phase of the latter two. I be- 
lieve, however, as far as the mechanism is concerned, the latter 
two are more important than the first. Actually we looked not at 
the function of binding, but we looked at the CBP-35 secretion 
from the cytosol out into the extracellular space. When you give 
calcium ionophores that will increase the intracellular calcium, 
there ts an increase in the cell-surface expression of CBP-35 and 
there is better binding in cell extract laminin-Sepharose beads. 
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Enhancing Effect of Interleukin 10 Administration on 
Antitumor Effector T-Cell Development 


Vernon K. Sondak, MD; Melissa K. Tuck, MS; Suyu Shu, PhD; Hirohisa Yoshizawa, MD; Alfred E. Chang, MD 


è Antitumor effector T cells can be generated from tumor- 
draining lymph node cells by activation with anti-CD3 
monoclonal antibedy and interleukin 2. Fresh tumor- 
draining lymph node cells do not have antitumor activity, 
but after anti-CD3 monoclonal antibody-interleukin 2 ac- 
tivation, these cells mediate immunologically specific tu- 
mor regression in vivo. We examined the effect of interleu- 
kin 1a administration on the development of effector T cells 
derived from tumor-draining lymph nodes. Mice were 
inoculated with tumor cells, and interleukin 1a (180 to 
720 ng) was administered on days 0, 2, and 4. Tumor- 
draining lymph nodes harvested 10 to 14 days later were 
activated in anti-CD3 monoclonal antibody for 2 days fol- 
lowed by expansion in interleukin 2 for 3 days. Antitumor 
efficacy of the activated cells was assessed in the adoptive 
immunotherapy of lung micrometastases. Administration of 
interleukin 1a enhanced the antitumor reactivity of effec- 
tor cells derived from tumor-draining lymph nodes without 
changing the immunologic specificity of the cells. Adminis- 
tration of interleukin 1a did not alter the phenotype of fresh 
or activated tumor-draining lymph node cells. Interleukin 
1a deserves further investigation as an immune adjuvant in 
adoptive immunotherapy. 
(Arch Surg. 1991;126:1503-1509) 


en for the successful adoptive immunotherapy of 
human cancer is the generation of large numbers of 
autologous antitumor reactive cells from the patient with 
cancer. Our laboratory has investigated various tech- 
niques and conditions suitable for generating antitumor 
effector T cells from the tumor-draining lymph nodes 
(TDLNs) of mice bearing progressively growing subcuta- 
neous (SC) deposits of methylcholanthrene-induced 
sarcomas.’ Four definable steps are involved in these 
laboratory models of adopt-ve T-cell immunotherapy: (1) 
sensitization of lymphoid cells in the TDLNs to tumor- 
associated antigens in the SC tumor deposit; (2) in vitro 
activation of the sensitized TDLN cells to allow develop- 
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ment into functional antitumor reactive T cells; (3) in vitro 
expansion to provide sufficient numbers of activated cells 
to allow successful therapy; and (4) adoptive transfer of 
the resultant cells into tumor-bearing animals to mediate 
in vivo tumor regression. Adoptive transfer of activated 
T cells is often supplemented with exogenous interleukin 
2 (IL-2) to improve the efficacy of the transferred cells. 

An in vitro activation and expansion technique we have 
described involved stimulation of TDLNs with tumor an- 
tigen (in the form of irradiated tumor cells) in the presence 
of IL-2. This procedure was referred to as in vitro sensi- 
tization. This approach required relatively large numbers 
of viable tumor cells to be successful and was accordingly 
of restricted clinical value.* Recently, we hypothesized 
that ongoing tumor antigen stimulation might not be re- 
quired for in vitro activation. Rather, if the sensitized 
T cells in the TDLNs expressed specific T-cell receptors for 
tumor-associated antigen(s), it might be possible to acti- 
vate those cells through the T-cell receptor-CD3 complex 
using a monoclonal antibody to the CD3 molecule (anti- 
CD3). Binding of this antibody to the CD3 complex can 
trigger T-cell activation in the absence of ongoing specific 
antigenic stimulation. Indeed, we found that binding of 
the monoclonal antibody replaced the function of specific 
antigen in the in vitro activation of TDLN cells. Yoshizawa 
et al’ showed that TDLN cells derived from mice bearing 
progressively growing MCA 106 tumor deposits could be 
activated in vitro by sequential exposure to anti-CD3 
monoclonal antibody and IL-2. Significantly, these anti- 
CD3/ IL-2-activated cells were found to mediate immu- 
nologically specific tumor regression. 

Regardless of the technique employed for in vitro acti- 
vation and expansion, the in vivo sensitization of lym- 
phocytes to tumor antigen is the critical initial event nec- 
essary for the generation of effector T cells for 
immunotherapy. Utilizing the anti-CD3/IL-2 activation 
method, we studied ways in which in vivo sensitization 
of TDLNs could be augmented, yielding more potent ac- 
tivated cells. Nonspecific immune adjuvants, including 
Corynebacterium parvum and bacille Calmette-Guérin, have 
been utilized in animal and human trials to enhance the 
immune response to tumor. Indeed, admixture of the im- 
mune adjuvant C parvum with the initial SC tumor inoc- 
ulum has been found to be crucial for generating sensi- 
tized IDLNs for treatment of “nonimmunogenic” 
tumors.’ Recently, attention has been focused on inter- 
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leukin 1 (IL-1) as a potentially useful agent for up- 
regulating the antitumor immune response.*® 

Interleukin 1, originally termed lymphocyte activating 
factor, is a cytokine produced by macrophages-monocytes 
and a variety of other cell types.’ Its two known forms, 
IL-la and IL-18, are functionally similar but structurally 
quite different. Effects of IL-1 on the immune system in- 
clude induction of T-cell proliferation and IL-2 secretion, 
mediation of a variety of aspects of the inflammatory re- 
sponse, augmentation of natural killer cell cytotoxicity, 
and induction of B-cell proliferation.’ Interleukin 1 acts on 
T lymphocytes to stimulate the production of IL-2 and in- 
crease expression of IL-2 receptors. Several investigators 
have shown that IL-1 administration can mediate tumor 
regression in murine models.®? Others have shown IL-1 
can serve as a potent immune adjuvant.’ Recently, 
McCune and Marquis showed that IL-1 augmented the 
immune response to a SC tumor vaccine in a murine 
model of active specific immunotherapy. Based on these 
observations, we investigated whether the administration 
of IL-la during the period of SC tumor growth could 
augment the immune response sufficiently to yield more 
effective antitumor effector T cells for adoptive immuno- 
therapy. 


MATERIALS AND METHODS 
Mice 

Female C57BL/6] (B6) mice (Jackson Laboratory, Bar Harbor, 
Me) were used at age 8 weeks or older for all experiments. They 
were maintained, six or fewer to a cage, in a specific pathogen- 
free and temperature-controlled environment with 12-hour 
alternating cycles of light and dark. Mice received water and 
chow ad libitum. 


Tumors 


Both MCA 205 and MCA 106 are fibrosarcomas originally in- 
duced in B6 mice by intramuscular injection of 0.1 mL of 0.1% 
3-methylcholanthrene in sesame oil. These tumors have been 
shown to possess distinct tumor-associated antigens.'” The 
tumors were maintained in vivo in syngeneic mice by serial SC 
transplantation, and only tumors from the third to the seventh 
transplantation generations were used. Single-cell suspensions 
of tumor cells were prepared from solid tumors by enzymatic 
digestion with constant stirring in 40 mL of calcium- and 
magnesium-free Hanks’ balanced salt solution (HBSS) (GIBCO, 
Grand Island, NY) containing 4 mg of deoxyribonuclease, 40 mg 
of collagenase, and 100 pg of hyaluronidase (Sigma Chemical 
Co, St Louis, Mo) for 2 hours at room temperature. 

Subcutaneous tumors were established by the inoculation of 
B6 mice with 1.5 x 10° MCA 205 or 1 x 10° MCA 106 tumor cells 
in 0.05 mL of HBSS in each flank. Multiple pulmonary me- 
tastases for adoptive immunotherapy were initiated by intrave- 
nous (IV) injection of 3 x 10° MCA 205 or 1 x 10° MCA 106 tumor 
cells in 1 mL of HBSS. After IV tumor injection, multiple lung 
metastases were reliably produced; adoptive immunotherapy 
experiments were carried out 4 days after establishment of the 
metastases, at a time when microscopic tumors would be 
uniformly present. Untreated mice, or those receiving ineffective 
treatment, would usually have 250 or more grossly visible lung 
metastases by 2 weeks after IV injection of tumor cells. 


Lymphoid Cell Suspensions 


Inguinal lymph nodes draining SC tumors were removed 
aseptically after approximately 2 weeks of progressive tumor 
growth. Single-cell suspensions of lymphoid cells were prepared 
by mechanical disruption of the nodes with the flat end of a 5-mL 
plastic syringe plunger in HBSS under sterile conditions. The cell 
suspensions were filtered through a layer of No. 100 nylon mesh 
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(Nytex, TETKO Inc, Elmsford, NY), washed twice, and sus- 
pended m complete medium. Complete medium is composed of 
RPMI 1640 (GIBCO) supplemented with 10% heat-inactivated 
fetal bov-ne serum, 1 pmol/L of sodium pyruvate, 0.1 mmol/L of 
nonessential amino acids, 2 mmol/L of L-glutamine, 50 mg/L of 
gentamicin, 0.5 mg/L of amphotericin B (Fungizone, GIBCO), 
and 5 x 30-° mol/L of 2-mercaptoethanol (Sigma Chemical Co). 


Cytokines 

The himan recombinant IL-2 for the current study (Cetus 
Corp, Emeryville, Calif) had a specific activity of 3 x 10° U/mg of 
protein. The endotoxin level in the purified preparation was less 
than 0.1 ng/10° U of IL-2 as assessed by the standard Limulus 
assay. (Cne Cetus unit of IL-2 is equivalent to 2 to 3 IU as defined 
by the Hologic Response Modifiers Program of the National 
Cancer Institute; Cetus units of IL-2 are reported in this study.) 
The human recombinant IL-la (Hoffman-LaRoche Inc, Nutley, 
NJ) had < specific activity of 2.5 x 10° U/mg of protein and an en- 
dotoxin level of 0.0625 pg/ug. For purposes of administration, 
cytokine solutions were prepared in HBSS. 


Anti-CD3 Monoclonal Antibody 


A hamster monoclonal antibody, 145-2C11, directed against 
the CD3-E moiety of the murine T-cell receptor-CD3 complex, 
was utilzzed.'’ The antibody was harvested as ascites fluid 
following intraperitoneal inoculation of sublethally irradiated 
(500 cGy DBA/2 mice with hybridoma cells. Partial purification 
of the ancibody was performed by 50% ammonium sulfate pre- 
cipitatior, and the hamster IgG content of the preparation was 
determined by an enzyme-linked immunosorbent assay. 


In Vitro Activation of Lymphoid Cells 


The procedure for anti-CD3/IL-2 activation was carried out in 
two steps. First, 8 to 12 x 10’ lymphoid cells were incubated in 
75-cm’ tissue culture flasks (No. 25111, Corning, Corning, NY) 
containing 30 mL of complete medium with 1 mg/L of anti-CD3 
at 37°C ir a moist 5% carbon dioxide atmosphere for 2 days. The 
cells were then harvested, washed, and expanded at 6 x 10° cells 
per well in 2 mL of complete medium containing 10 U/mL of hu- 
man reccmbinant IL-2 in 24-well flat-bottomed tissue culture 
plates (N>. 3524, Costar, Cambridge, Mass). The plates were in- 
cubated “or 3 additional days. The resulting anti-CD3/IL-2- 
activated cells were centrifuged and suspended in HBSS for 
adoptive transfer. 


Adoptive Immunotherapy 


Norma B6 mice were injected IV with 3 x 10° MCA 205 tumor 
cells suspended in 1.0 mL of HBSS to initiate pulmonary 
metastases for immunotherapy targets. On day 4 after tumor in- 
jection, anti-CD3/IL-2-activated cells were given IV in 1.0 mL of 
HBSS. Six mice were used per treatment group. All mice also re- 
ceived supplemental IL-2 injected intraperitoneally (15000 U 
twice a dey for 4 days) commencing immediately after the trans- 
fer of lymphoid cells. This dose of IL-2 has been shown to en- 
hance the antitumor efficacy of the transferred cells but not to 
alter sign ficantly the number of lung metastases in mice not re- 
ceiving cells. Approximately 2 to 3 weeks after tumor inocula- 
tion, mice were ear-tagged and killed, and 15% India ink solu- 
tion was nstilled in the trachea. The lungs were bleached with 
Fekete’s solution; tumors thus appeared as discrete white nod- 
ules against a black background of the normal lung and were 
readily visible.'’* Lungs containing metastatic foci too numerous 
to count were recorded as “>250,” because this was the largest 
number cf tumor nodules that could be reliably enumerated. 


Flow Cytometric Analysis 


Analys s of cell surface markers on lymphoid cells was carried 
out by indirect immunofluorescence. Single-cell suspensions 
(10° cells) were incubated with 25 pL of monoclonal antibody in 
phosphat--buffered saline (GIBCO) containing 5% fetal bovine 
serum and 0.01% sodium azide at 4°C for 45 minutes. Bound an- 
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Table 1.—Efficacy of anti-CD3/IL-2 Activation 
Technique for Generating Antitumor Effector T Cells 
From TDLN Draining MCA 205 Tumor Deposit* 


Mean (=SE) No. of Lung Metastases 
————————————————— LY, 
Experiment 1 Experiment 2 


241 +6 >250 
247 =4 >250 
16 =6t 121% 
8+4t 
44+15t 
183 + 20 












Cells 
Transferred 







IL-2 
































64—14t 
191=35 








*anti-CD3 indicates anzi-CD3 monoclonal antibody; IL-2, inter- 
leukin 2; and TDLN, tumor-draining lymph node. 

tP<.05 compared with groups receiving no treatment or IL-2 
alone. 


tibodies were detected by incubation with 20 uL of fluorescein 
isothiocyanate—labeled mouse anti-rat or goat anti-hamster 
monoclonal antibody as previously described." All stained 
preparations were fixed in 1% paraformaldehyde solution and 
analyzed by a FACSscan flow microfluorometer (Becton- 
Dickinson, Mountain View, Ca if) for a minimum of 10000 cells 
per sample. 


Statistical Analysis 

The significance of differences in numbers of pulmonary me- 
tastases between different groups of mice was analyzed by the 
nonparametric Wilcoxon Rank-Sum test'* using the Systat sta- 
tistical software package version 4.0 (Systat Inc, Evanston, Ill) on 
an IBM-compatible personal computer. Differences with a two- 
sided probability of .05 or less were considered statistically sig- 
nificant. Means and 5Es for groups with lungs containing met- 
astatic foci too numerous to count were calculated using 250 as 
an arbitrary value, because this was the largest number of tumor 
nodules that could be reliably 2numerated. 


RESULTS 
Activation and Expansion of TDLN Cells 
by Anti-CD3/IL-2 ` 


It was first necessary to verify that activated cells could 
indeed be generated by anti-CD3/IL-2 activation of TDLN 
cells sensitized in vivo to MCA 205 tumor cells. Two 
weeks after inoculating a SC deposit of MCA 205 tumor 
cells, TDLNs were harvested and the resultant lymphoid 
cells activated by incubation in anti-CD3 for 2 days 
followed by expansion in IL-2 for an additional 3 days 
(anti-CD3/IL-2 technique). The therapeutic efficacy of the 
activated cells was assessed in the adoptive immunother- 
apy of 4-day established MCA 205 lung metastases. 
Recipient mice also were given exogenous IL-2, 15000 U 
intraperitoneally twice daily for 4 days, a nontherapeutic 
dose that was found to augment the activity of transferred 
anti-CD3/IL-2-activated cells.” 

Anti-CD3 IL-2-activated cells given at a dose of 2 x 10’ 
cells per mouse were highly effective in reducing the 
number of pulmonary metastases compared with un- 
treated controls or those receiving only IL-2 (Table 1). 
There was a steep dose-response relationship between 
the number of cells transferred and the antitumor efficacy, 
with an optimal dose being 2x 10’ cells. In subsequent 
experiments, suboptimal numbers of activated cells 
(0.2—1.5x 10’ cells) were transferred, to maximize the 
likelihood that therapies capable of augmenting antitu- 
mor efficacy would be recognized. In the experiments 
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Table 2.—Effect of IL-1a and Corynebacterium 
parvum Administration Duri -A 205 Tumor 

Growth on Development of Antitumor T Cells 
Derived From TDLN* 


Mean (+SE) No. of Lung Metastases 



















Experiment Experiment 
1 2 
In Vivo 1.510’ 0.5107 1.510’ 0.210’ 
Treatment Cells Cells Cells Cells 













>250 
44+ 15t 


239+11 
95+19t >250 


4+2+t 186 + 33 30+6t§ 133+25§ 
63212t 191%37 © 217231 213 + 30 


*IL-la indicates interleukin 1a; TDLN, tumor-draining lymph 
node; and HBSS, Hanks’ balanced salt solution. 

tP<.05 compared with groups receiving interleukin 2 alone. 

+P<.05 compared with all other groups. 

§P<.05 compared with group receiving same dose of C parvum 
cells. 


HBSS 












C parvum 






described in Table 1, transfer of 1.0—1.5 x10’ cells was 
still associated with significant antitumor activity. The 
antitumor activity of this dose of cells was not always re- 
liable, however, and in some experiments using this dose 
range, significant antitumor activity was not detected 
(data not shown). 


Effect of IL-1 and C parvum During 
In Vivo Sensitization 


Interleukin 1a has been shown to increase the host im- 
mune response to a tumor vaccine.® To determine if in 
vivo administration of IL-1a could augment the antitumor 
efficacy of anti-CD3/IL-2-activated cells generated from 
TDLNs, this cytokine was given to mice bearing SC MCA 
205 tumor deposits. The dose and regimen of IL-1a cho- 
sen for these initial experiments was similar to that 
described by McCune and Marquis‘ as having a salutary 
effect on the immune response to a tumor vaccine. On the 
day of tumor inoculation and again 2 and 4 days later, 
360 ng of IL-1a in HBSS was administered by SC injection 
(at a site remote from the site of tumor inoculation). Con- 
trol mice received SC injections of HBSS alone on the same 
schedule. In addition, another group of mice were inoc- 
ulated with MCA 205 tumor admixed with 25 ug of C par- 
vum to serve as an alternative method for stimulating the 
host immune response to tumor inoculation. 

As shown in Table 2, TDLNs from mice receiving 
360 ng of IL-la on days 0, 2, and 4 of SC tumor growth 
were highly effective in reducing the number of lung me- 
tastases in adoptive immunotherapy experiments. In ex- 
periment 1, IL-1 administration significantly augmented 
the activity of anti-CD3/IL-2-activated cells compared 
with control cells generated in response to SC tumor only 
(HBSS group). In both experiments, IL-1a administration 
significantly augmented the activity of anti-CD3/IL-2- 
activated cells compared with C parvum, which was not 
reliably effective in this model. Observable toxic reaction 
or significant weight changes were not encountered in the 
mice receiving IL-la. There was no consistent effect of ei- 
ther IL-la administration or C parvum admixture on the 
size of the SC tumors, the number of TDLN cells recov- 
ered, or the in vitro expansion during anti-CD3/IL-2 ac- 
tivation (data not shown). 
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Experiment 1 





Experiment 2 


212 +26 
236+14 










>250 
205 + 32 
193 + 27 
55+9t 







*IL-la indicates interleukin 1a; TDLN, tumor-draining lymph 
node. 
tP<.05 compared with all other groups. 


Effect of IL-1a Dose and Duration of Tumor Growth on 
Generation of a-CD3/IL 2—Activated Cells 


The dose of IL-la utilized in the above experiments, 
360 ng SC on days 0, 2, and 4, was well tolerated by the 
tumor-bearing mice. We next investigated the effects of 
various doses of IL-1a (0, 180, 360, or 720 ng) on the gen- 
eration of anti-CD3/IL-2-activated cells. In both experi- 
ments (Table 3), administration of 720 ng of IL-la given 
on days 0, 2, and 4 was associated with the generation of 
cells that were highly active, even though anti-CD3/IL-2- 
activated cells from control mice (0-ng group) were inef- 
fective when transferred at the same suboptimal dose. A 
suggestion of a dose-response relationship was observed. 
No toxic reaction or weight change was observed with any 
dose of IL-1a, and in vitro expansion did not differ among 
the groups. 

We have observed in previous work that prolonged 
durations (>2 weeks) of SC tumor growth were associated 
with a loss of activity of the activated TDLN.* This phe- 
nomenon may be related to a gradual loss in the number 
of specifically sensitized cells from the TDLN or to the 
development of a suppressive effect of the progressively 
growing tumor. We examined whether IL-la could aug- 
ment the ability to generate activated cells from TDLNs of 
mice bearing tumors for 1 vs 3 weeks. Subcutaneous MCA 
205 tumor deposits were initiated, and TDLNs were 
removed at either 7 or 21 days of growth and activated 
with anti-CD3/IL-2. Mice received various doses of IL-la 
(360 or 720 ng on days 0, 2, and 4 or 720 ng daily on days 
0 through 4) or HBSS. When TDLNs harvested after 7 
days of tumor growth were activated, the resultant cells 
were highly effective at the dose transferred, whether or 
not IL-la was administered. Although the mean numbers 
of metastases in groups receiving cells from IL-1-treated 
mice were less than in the group receiving control (0 ng 
IL-1) cells, this difference was not statistically significant. 
Dose-response experiments utilizing graded numbers of 
transferred cells would be required to determine unequiv- 
ocally whether IL-1 administration remained beneficial in 
the 7-day TDLN model. 

After 21 days of tumor growth, anti-CD3/IL-2-activated 
cells were not capable of mediating any reduction in the 
number of pulmonary metastases (Table 4), confirming 
our previous observations utilizing the MCA 106 tumor. 
Interleukin 1a administration during the first 4 days of SC 
tumor growth did not result in the ability to generate 
therapeutically active cells, even at the maximum dose 


1506 Arch Surg—Vol 126, December 1991 





In Vivo 
IL-1c Dose, ng 


-———{—+ rr 
Day 7 


156 + 22 


0 5+4t 
360, cays 0, 2, 4 

720, cays 0, 2, 4 

720, days 0-4 


*Abbreviations are as in Table 3. 
tP<.05 compared with the group receiving interleukin 2 alone. 


utilized (720 ng/d on days 0 through 4). Once again, no 
toxic reactions or weight changes were observed with any 
dose level of IL-la administration. 


Effect of IL-1a on the Specificity of 
Anti-CD3/L-2—Activated Cells 


The anti-CD3/IL-2 activation technique does not in- 
volve in vitro exposure to tumor antigen, but the result- 
ant activated cells are nonetheless specific for the tumor 
used for in vivo sensitization of the TDLN.? This afforded 
the oppertunity to examine whether IL-1a administration 
during in vivo sensitization affected the specificity of the 
anti-CD3/IL-2-activated cells. If specificity were to be 
preserved after IL-la administration, this would suggest 
that cells bearing T-cell receptors specific for tumor- 
associated antigens were being preferentially affected. In 
contrast, if the effect were nonspecific, the IL-la effect 
might represent an increased level of activation (and 
hence T-cell receptor expression) of all the cells in the 
TDLN, including many with T-cell receptors for irrelevant 
targets. 

To address this issue, tumor deposits of MCA 205 and 
MCA 106 were established by SC inoculation, and tumor- 
bearing mice received either 720 ng of IL-la in HBSS or 
HBSS alone SC on days 0, 2, and 4. The TDLNs were sub- 
sequently harvested, activated by anti-CD3/IL-2, and 
adoptively transferred to mice bearing lung metastases of 
the same or different tumor type. Table 5 summarizes the 
results o? these criss-cross experiments. The a-CD3/IL-2- 
activatec cells generated from MCA 106 TDLNs were 
highly active against MCA 106 tumor deposits but inactive 
against MCA 205 tumor deposits, confirming prior obser- 
vations.” The anti-CD3/IL-2-activated cells generated 
from MCA 106 TDLNs after IL-1 administration were 
likewise highly active against MCA 106 tumor deposits 
but inactive against MCA 205 tumor deposits. When the 
MCA 205 tumor was used, virtually identical results were 
seen. 


Flew Cytometric Analysis of Fresh TDLNs and 
a-CD3/IL-2—Activated Cells 


The phenotypes of fresh TDLNs and anti-CD3/IL-2- 
activated cells generated in response to a SC MCA 205 tu- 
mor deposit were determined by flow cytometric analysis, 
comparing TDLNs from tumor-bearing mice treated with 
and witheut IL-la (720 ng SC on days 0, 2, and 4). Fresh 
TDLNs were Thy-1* in 31.4% of untreated cells and 33.2% 
of IL-1 treated cells. After activation, virtually all recov- 
ered cells (>99%) in both groups were Thy-1*. Equal 
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Table 5.—Effect of IL-1¢ Administration Durin 
Tumor Growth on Specificity of Antitumor T Cells 
Mean (+ SE) No. of Lung Metastases 











MCA 106 
Tumor 


MCA 205 
Tumor 





SC Tumor IL-1a 














aL f - 168 +38 153 +46 
MCA 205 - >1+<1t 163 + 40 
MCA 205 + Ot 140+50 

sae - >250 154+26 
MCA 106 - >250 1t<tt 
MCA 106 + >250 Ot 










*IL-la indicates interleukin ta; TDLN, tumor-draining lymph 
node; and SC, subcutaneous. 
tP<.05 compared with the group receiving interleukin 2 alone. 


numbers of cells in both groups were CD8* (Lyt-2*) before 
(16.4% vs 19.6%) and after activation (88.1% vs 90.1%). 
Similarly, cells in IL-1-treated and IL-1-untreated groups 
were equally likely to be CD4*(L3T4*) before (both <10%) 
and after activation (14.3% vs 10.0%). No differences were 
seen in the expression of IL-2 receptors and T-cell recep- 
tors between the IL-1-treated and IL-1-untreated groups. 
T-cell receptor expression was low in fresh TDLNs 
(<15%) but was almost universal (>99%) after activation. 
These data suggest that the adjuvant effect of IL-la 
administration was not associated with a measurable 
change in the phenotype of the treated cells, although the 
phenotype of TDLN cells changes dramatically after 
anti-CD3/IL-2 activation. 


COMMENT 


Strategies to mediate the regression of cancer by the 
adoptive transfer of immune lymphoid cells have been the 
subject of many studies using various in vivo animal 
models. These studies have contributed greatly to our 
understanding of the principles of adoptive immunother- 
apy and have formed the basis for several clinical trials of 
adoptive immunotherapy that have reported encouraging 
results.’*’* We have developed different in vitro methods 
to generate sensitized T cells from tumor-bearing hosts. 
Lymphocytes harvested from lymph nodes draining a SC 
tumor deposit can be activated and expanded by these in 
vitro techniques to differentiate into specific antitumor 
effector T cells. 

In this report, we have shown that activated T cells can 
be generated in vitro by sequential exposure of lymph 
node cells draining an MCA 205 fibrosarcoma to mono- 
clonal antibody to the T-cell receptor/CD3 complex and 
IL-2. Unlike other in vitro methods described to generate 
tumor-sensitized T cells, the anti-CD3/IL-2 activation 
technique does not require the presence of tumor cells as 
stimulators. This extends work previously reported by 
our laboratory describing the use of the anti-CD3/IL-2 ac- 
tivation technique to generate antitumor T cells raised 
against the antigenically distinct MCA 106 fibrosarcoma. ? 
Whether sensitized in vivo against MCA 205 or MCA 106 
tumors, anti-CD3/IL-2-activated cells were predomi- 
nantly Thy-1* amd CD8* (cytotoxic/suppressor T cells) 
that expressed IL-2 and T-cell receptors. 

The antitumor efficacy of a-CD3/IL-2-activated cells 
was demonstrated to be clearly related to the dose of 
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transferred cells (Table 1). Methods to enhance the gen- 
eration and/or antitumor efficacy of these cells could have 
significant clinical applications. The availability of puri- 
fied cytokines produced by recombinant DNA technology 
has enabled investigations aimed at using these agents to 
modulate immune responses. Accordingly, we sought to 
evaluate the effect of IL-1 administration on the antitumor 
reactivity of activated T cells in our adoptive immuno- 
therapy model. Interleukin 1 has been reported to aug- 
ment the immune response to tumor growth in a number 
of different experimental models.*** Many of the effects 
of IL-1 have been well characterized, including induction 
of T-cell proliferation and IL-2 secretion, mediation of a 
variety of aspects of the inflammatory response, augmen- 
tation of natural killer cell cytotoxicity, and induction of 
B-cell proliferation.’ Interleukin 1 is also known to induce 
increased expression of IL-2 receptors on T cells. 

In the current experiments, administration of well- 
tolerated doses of IL-1a during the first 4 days of SC tu- 
mor growth consistently improved the antitumor efficacy 
of anti-CD3/IL-2-activated cells generated from lymph 
node cells draining a SC deposit of MCA 205 for 10 to 14 
days. In contrast, admixture of C parvum with the SC tu- 
mor inoculum did not augment the antitumor efficacy of 
anti-CD3/IL-2-activated TDLN cells. The regimens of 
IL-la and C parvum administration employed in the cur- 
rent study were similar to those used to increase host re- 
sponse to tumor in other studies.* The precise mecha- 
nism(s) by which IL-1 exerted its adjuvant effect on the 
development of antitumor T cells remains speculative. 

As previously indicated, IL-1 is known to stimulate the 
secretion of IL-2 by antigen-activated T cells. Therefore, it 
is possible that IL-2 administration to the tumor-bearing 
host could replace the adjuvant effect of IL-1. However, 
in similarly designed experiments, we found that the ex- 
ogenous administration of IL-2 during tumor growth did 
not enhance the development of sensitized T cells in the 
TDLNs (unpublished data). Therefore, IL-2 secretion did 
not appear to play a major role in the adjuvant IL-1a ef- 
fect. The observation that IL-la administration aug- 
mented antitumor reactivity without altering tumor spec- 
ificity suggested that antigen-sensitized T cells were 
preferentially stimulated. By flow cytometric analysis, we 
were unable to identify differences in the T-cell pheno- 
type between cells from IL-la-treated and IL-la-— 
untreated mice. In this regard, it appears that IL-la 
administration is not associated with major shifts in lym- 
phocyte subpopulations within the TDLN. 

The therapeutic efficacy of anti-CD3/IL-2-activated 
TDLNs is dependent on the length of time the tumor has 
been growing. Anti-CD3 IL-2-activated cells derived from 
TDLNs of 7- to 10-day SC tumors are potent antitumor T 
cells. By 14 days after tumor inoculation, however, the 
antitumor activity of anti-CD3/IL-2-activated cells gener- 
ated from TDLNs is diminished. This phenomenon may 
be related to a gradual loss in the number of specifically 
sensitized cells from the TDLN or to the development of 
a suppressive effect induced by the progressively grow- 
ing tumor. Significant phenotypic differences, however, 
have not been found between day 21 TDLNs and day 7 to 
10 TDLNs (data not shown). Treatment with IL-1a during 
the first 5 days of SC tumor growth was not able to restore 
the activity of day 21 TDLNs. Future studies are planned 
to determine if more prolonged administration of IL-la, 
or repeated administration just before TDLN harvest, will 
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be effective in restoring this lost activity. The duration of 
growth of lung tumors before adoptive immunotherapy 
with activated T cells is also an important determinant of 
the success of therapy.” We therefore also plan to exam- 
ine the effect of IL-la administration on the generation of 
activated TDLN cells for treatment of more advanced (eg, 
day 10) lung metastases, as opposed to the day 4 
metastases treated in the studies described. 

Besides these additional studies of IL-la in the tumor- 
bearing host, we plan to examine the effect of IL-la dur- 
ing the in vitro activation of TDLNs and in the adoptive 
transfer of activated T cells. The success of a-CD3/IL-2 ac- 
tivation is highly dependent on the in vitro concentrations 
of both anti-CD3 and IL-2.” The effect of other cytokines, 
including IL-1, within this system remains to be defined. 
During adoptive immunotherapy, IL-1 may prove bene- 
ficial since it has been shown to reverse the capillary leak 
syndrome induced by IL-2.” Further studies need to be 
performed to determine the effect of exogenously admin- 
istered IL-1 on T-cell-tumor interactions. Thus far, we 
have demonstrated that IL-la can be a useful immune 
adjuvant in the in vivo development of tumor-sensitized 
T cells that can be activated for adoptive immunotherapy. 


This work was supported in part by a grant from the Boston (Mass) 
Foundation, and by a Clinical Oncology Career Development Award 
from the American Cancer Society (Dr Sondak). 

Hoffman-LaRoche Inc kindly provided the recombinant human 
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Discussion 


MICHAEL T. LOTZE, MD, Pittsburgh, Pa: Interleukin 1 
was selected because of its nominal proinflammatory 
effects. There are other proinflammatory cytokines 
(IL-8, TNF). Have you evaluated those cytokines ad- 
ministered in a similar fashion? Did you note at the 
end that you plan to give IL-1 potentially following the 
adoptive transfer of such cells? One of the interesting 
and unexpected effects of IL-1 given in association with 
IL-2 administration in studies by R. Puri with Steve 
Rosenberg is that you decrease the leak associated with 
IL-2 administration. Have you started those studies, 
and have you found similar phenomena? I have one 
more question having to do with the problem of this 
model. As I understand it, you inoculate tumors sub- 
cutaneously, and that is the only site of tumor in these 
animals. Can you generate equally effective antitumor 
reagents locally, which is really what you are testing 
here, if the animals were bearing concurrently pulmo- 
nary metastases, which is really more analogous to the 
clinical situation? 

DAVID N. DANFORTH, JR, MD, Bethesda, Md: One of the 
interesting things about IL-1 is that, whereas it stimulates 
immune cells, it is also directly inhibitory for certain solid 
tumors like breast and melanoma. It may be possible that 
with other tumors, the action against lymphocytes may 
allow synergistic action on tumor cells. There are ongoing 
phase 1 studies with IL-1 which have demonstrated, like 
the other cytokines, certainly an element of toxicity. Did 
you find any problem with that in treating mice with IL-1? 

DR SONDAK: Dr Lotze, to answer your second question, 
we are aware of these findings that IL-1 may ameliorate 
the vascular leak syndrome of IL-2 administration. We 
don’t see that in this animal model at the doses of IL-2 that 
we use, but we’re certainly eager to try that combination; 
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we have not as yet. We have looked at a variety of other 
cytokines in the exact same in vivo sensitization phase 
that we've talked about. Interleukin 2 and TNF did not 
augment the antitumor activity of these cells. We have not 
looked at IL-6, and as you are well aware, that is a very 
interesting cytokine and another one that we need to 
study in this model. We also looked at cyclophosphamide 
and the possibility that ther2 was some suppressor cell 
influence, and that didn’t seem to help either. Dr Vander- 
Woude talked to this society last year about alpha inter- 
feron, especially during the adoptive transfer phase, as 
having some potential activity, perhaps by up-regulating 
MHC class 1 expression. That’s another cytokine that has 
some activity but hasn’t been tested in exactly the same 
fashion that I have described. To answer your last ques- 
tion, that’s absolutely right. That’s an area I have been 
very interested in, and that’s specifically why we did this 
pilot study to try to find an agent that could augment the 
local response to the tumor in the tumor-draining lymph 
node. If you take these exact same animals, don’t give 
them IL-1, and give them pulmonary metastases at the 
same time as you give them their subcutaneous me- 
tastases, then the resultant cells are clearly suppressed by 
that distant tumor. That is present in this model as well 
as in our previous in vitro sensitization model of immu- 
notherapy. We don't know yet whether IL-1 will reverse 
that. I hope that by tipping the local balance in favor of 
response to the subcutaneous tumor, we may be able to 
overcome that suppression, but I don’t have any data on 
that yet. 

We were surprised, because the data on which we 
based our dose selection suggested that at 720 ng three 
times daily we would see toxicity, and we didn’t. We have 
given as much as 720 ng daily for 5 consecutive days, more 
than double the dose initially reported to cause toxicity, 
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without seeing significant toxicity in the mice. We didn’t 
see any antitumor effect of the doses we used in this 
model. There is no question that this is a cytokine we will 
be hearing a lot more about in the future. It does have 
some promise in some phase 1 studies both as a protect- 
ing agent—it acts as a growth factor to decrease the 
thrombocytopenia and granulocytopenia after chemo- 
therapy—and it may have some direct antitumor effect. 


Clinical Relevance Statement 


This tumor immunotherapy—animal model has brought 
valid data on the augmentation of the host’s immune re- 
sponse in decreasing the number of systemic (lung) me- 
tastases. In 1983, our laboratory studied the immunocom- 
petence of TDLNs from the axilla of women with various 
sized primary breast cancers and concluded that “regional 
lymph nodes are dynamic immunologic structures which 
regress in responsiveness as tumor burden increases” 
(J Surg Oncol. 1983;22:249). These authors have shown a 
similar decrease in immunity related to time from tumor 
inoculation. With this sophisticated model, they should 
be able to answer several fundamental questions on 
tumor immune responsiveness at the regional level, eg, 
(1) What is the mechanism for immunosuppression from 
“tumor burden”? (2) Can this effect be abrogated or over- 
come by prolonged administration of IL-la as they sug- 
gest? Hence this model might bring forth answers to im- 
portant fundamental questions. In addition, the authors 
propose that IL-1a can be a useful immune adjuvant, thus 
giving this model importance in modeling adoptive im- 
munotherapy. 


LOREN J. HUMPHREY, MD 
Columbia, Mo 


Effector T Cells—Sondak et al 1509 


= Soe SS 
oti 





Paper 





Patterns of Recurrence After Pelvic Exenteration for 
Colorectal Adenocarcinoma 


Gordon H. Hafner, MD; Lemuel Herrera, MD; Nicholas J. Petrelli, MD 


e We performed a retrospective review of 68 patients who 
underwent pelvic exenteration for colorectal adenocarci- 
noma. Forty-seven patients had surgery for primary disease 
and 21 for recurrence. Clinical recurrence developed in 30 
(44%) of 68 patients overall. Of these, 17 (57%) developed 
locoregional disease only as their first recurrence. This in- 
cluded nine (56%) of 16 patients with primary disease and 
eight (57%) of 14 patients with recurrent disease. Clinical 
recurrence developed in 16 (34%) of 47 patients with pri- 
mary disease and 14 (66%) of 21 patients with recurrent 
disease. The overall 5-year survival rates were 43% and 
20%, respectively. We conclude that locoregional recur- 
rence remains a significant problem for primary or recur- 
rent colorectal carcinoma even after radical pelvic surgery. 
(Arch Surg. 1991;126:1510-1513) 


P elvic recurrence from colorectal carcinoma can pro- 
duce devastating consequences. Pain, fistulae, and 
ureteral or bowel obstruction are only some of the com- 
plications these tumors may produce. Surgical options to 
minimize a pelvic recurrence are essentially limited to a 
wide resection of the primary lesion and are hampered by 
anatomic constraints. If local invasion of an adjacent or- 
gan appears possible, resection of that organ along with 
the primary tumor is advocated. Should the surgeon be 
faced with recurrent disease located in the pelvis, the re- 
section may again encompass the tumor and any organs 
that appear grossly involved. Since Brunschwig’ first in- 
troduced the concept of exenteration with ureteral diver- 
sion for locally advanced pelvic cancer in 1948, this has 
become well accepted for primary cervical and other gy- 
necologic cancers. However, there is less experience with 
colorectal carcinoma. 

We have reviewed the experience during the past 25 
years at the Roswell Park Cancer Institute, Buffalo, NY, 
with pelvic exenteration for colorectal adenocarcinoma. 
The purpose of this study was to determine the effects of 
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radical pelvic extirpation on the patterns of recurrence for 
both primary and recurrent disease. 


MATERIALS AND METHODS 

We retrospectively reviewed the medical records of patients 
who underwent pelvic exenteration for primary or recurrent 
colorectal adenocarcinoma from January 1960 to September 1985 
at the Roswell Park Cancer Institute. Total pelvic exenteration 
was defined as the extirpation of the rectum and bladder in men, 
as wellas the uterus in women. Posterior pelvic exenteration was 
defined as the extirpation of the rectum and prostate in males, 
and the rectum and uterus in females. The indications for total 
pelvic exenteration were either documented involvement of the 
bladder by a primary or recurrent tumor based on the preoper- 
ative evaluation, or suspected involvement during the course of 
the surgical procedure. Only those patients who required a total 
cystectomy as part of the procedure were included in this group. 
The indications for posterior exenteration for primary disease in 
women included anterior or circumferential rectal cancers. If 
suspected vaginal, uterine, or prostatic involvement was deter- 
mined to have occurred based on intraoperative evaluation, a 
posterior exenteration was performed for either primary or 
recurrent disease. If metastatic disease was found outside the 
pelvis, an exenteration was not performed. Other contraindica- 
tions included sciatic or perineal pain suggestive of nerve root 
involvement, or invasion of major vascular structures or the pel- 
vic sidewall. Sacral involvement by tumor was a contraindication 
for resection of recurrent disease but not primary tumor. 

Surgical mortality was defined as death occurring within 30 
days of the pelvic exenteration. A recurrence required either 
histologic or radiologic confirmation. 

One patient received adjuvant radiation and chemotherapy 
following exenteration for primary disease and another patient 
received radiation treatment in conjunction with a pelvic exen- 
teration for recurrent disease. 

Staging of the primary tumor in this study is reported using 
the Gastrointestinal Tumor Study Group modification of the 
Dukes’ classification. In this system, stages A, B1, and B2 are the 
same as the Astler-Coller staging system.” Stage B3 denotes his- 
tologic invasion of an adjacent organ with negative lymph 
nodes. Stages C1 and C2 are for tumors with one to four and five 
or more positive lymph nodes, respectively. Stage C3 refers to 
tumors with histologic invasion of an adjacent organ and any 
number of positive lymph nodes. Stage D denotes distant me- 
tastases. The associated TNM classification’ is also reported (Ta- 
ble 1). 

In general, follow-up of all patients at our institution consists 
of a complete blood cell count, liver function tests, measurement 
of carcinoembryonic antigen, liver scan, and chest roentgenog- 
raphy every 3 months for the first year and every 6 months dur- 
ing the second year. Colonoscopy and intravenous pyelography 


Colorectal Adenocarcinoma—Hafner et al 


No. of Patients 
SS G E Ai ER e E 
Exenteration Exenteration 
for Primary for Recurrent 

Disease Disease 


TNM Stage 
T1, T2, NO 
T3, NO 


T4, NO 

T1-3, N1 

T1-3, N2 

T4, N1-2 

Any T, any N, M1 
Unknown 
Total 


*One patient received radiation therapy as sole treatment mo- 
dality for the primary lesion. 





are performed every 6 months for the first 2 years. In the third 
year, all studies are performed annually. Computed tomo- 
graphic scans were used during follow-up after 1982 if results of 
other studies suggested recurrent disease. 

Many patients did not have their primary surgical resection 
performed at Roswell Park Cancer Institute. However, all pelvic 
exenterations reported in this review were performed at this in- 
stitute. 


RESULTS 

Sixty-eight patients (13 men and 55 women) underwent 
pelvic exenteration for colorectal adenocarcinoma. Forty- 
seven patients had surgery for primary disease: 11 un- 
derwent total exenteration and 36 had posterior exenter- 
ation. Twenty-one patients had surgery for recurrent 
disease: 12 had total exenteration and nine had posterior 
exenteration. The mean age of patients with primary dis- 
ease was 62 years, and with recurrent disease, 56 years. 

Following pelvic exenteration for primary disease, 22 
patients (47%) were found to have involvement of adja- 
cent organs based on pathologic examination. Seventeen 
patients (80%) with recurrent disease had adjacent organs 
that were histologically involved. The bladder (nine 
patients with primary and seven patients with recurrent 
disease), uterus (eight patients with primary and one pa- 
tient with recurrent disease), and vagina (seven patients 
with primary and 11 patients with recurrent disease) were 
the most commonly involved organs in primary and 
recurrent disease. This was followed by small bowel (two 
patients with primary and two patients with recurrent 
disease), prostate (two patients with primary disease), 
mesosalpinx (one patient with primary disease), and ure- 
thra (one patient with recurrent disease) in primary and 
recurrent disease. 

The most commen initial procedure was an abdomino- 
perineal resection in nine (43%) of 21 patients. Other pro- 
cedures were sigmoidectomy (three patients), rectosig- 
moid resection (three patients), low anterior resection 
(three patients), and right hemicolectomy (two patients); 
one patient received radiation alone. 

Clinical recurrence developed in 30 (44%) of 68 patients. 
This included 16 (34%) of 47 patients undergoing exen- 
teration for primary disease, and 14 (66%) of 21 patients 
with recurrent disease. For the 16 patients with primary 
disease who had a recurrence, the median and mean 
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disease-free intervals were 16 and 23 months, respectively 
(range, four to 70 months). Eleven (69%) of the 16 recur- 
rences in this group occurred within 24 months of the ex- 
enteration. For the 14 patients whose disease recurred 
following exenteration for recurrent disease, the median 
and mean disease-free intervals were 17 and 22 months, 
respectively (range, five to 75 months). Eight (57%) of the 
14 recurrences in this group occurred within 24 months of 
the exenteration. 

For both primary and recurrent disease, the most com- 
mon sites of first recurrence (including multiple first sites) 
were the pelvis, perineum, and lung (Table 2). Seven pa- 
tients with primary disease developed recurrence at a 
single site only. This included pelvis in three patients, 
liver in two patients, and perineum and lung in one pa- 
tient each. Eleven patients with recurrent disease devel- 
oped recurrence at a single site only. This included pelvis 
in six patients, perineum in two patients, lung in two pa- 
tients, and abdominal wall in one patient. 

Patients were also analyzed according to whether their 
first recurrence was limited to locoregional sites alone. 
Among the 16 patients whose disease recurred following 
exenteration for primary disease, nine (56%) had locore- 
gional disease only at the time of first recurrence. Among 
the 14 patients with recurrence following exenteration for 
recurrent disease, eight (57%) had locoregional disease 
alone at the time of first recurrence. 

Multiple sites at the time of first recurrence were found 
in nine patients with primary disease, including five with 
both locoregional and distant metastases. For patients 
with exenteration for recurrent disease, three patients 
were diagnosed with disease at multiple sites at their first 
recurrence. All had both locoregional and distant me- 
tastases. 

Three (6%) of 47 patients with primary disease and one 
(5%) of 21 patients with recurrent disease died within 30 
days of surgery. The median survival time and overall 
5-year survival rates for primary and recurrent disease 
were 51 months and 43%, and 32 months and 20%, 
respectively. 

For patients undergoing pelvic exenteration for primary 
disease, the median and mean lengths of follow-up were 
53 and 64 months, respectively (range, two to 280 
months). All patients but one were followed up for at least 
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Primary disease (n=44)t 
ANED 9 
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*ANED indicates alive, no clinical evidence of disease; AWD, 
alive with disease; DWD, dead with disease; and DNED, dead, no 
clinical evidence of disease. 

+Three operative mortalities. 

One operative mortality. 


5 years or until death. One patient was alive with no ev- 
idence of disease but was unavailable for follow-up after 
43 months. For patients undergoing exenteration for re- 
current disease, the median and mean lengths of 
follow-up were 30 and 39 months, respectively (range, 
two to 170 months). All patients were followed up for at 
least 5 years or until death. Table 3 summarizes the final 
clinical status of patients, excluding the operative mortal- 
ities. The median follow-up to death of patients with pri- 
mary disease who died with disease was 23 months. This 
was shorter than the 34 months in the 12 patients with re- 
current disease who died with disease. 


COMMENT 


The major purpose of this study was to determine 
whether the patterns of failure in this group of patients 
appeared to be altered by aggressive surgical treatment. 
Relatively few of our patients (3%) received radiation 
therapy in conjunction with their surgery. Therefore, the 
outcome of these patients reflects mainly the effects of 
surgical treatment alone. 

Despite series that have demonstrated the technical as- 
pects of exenteration,** some have questioned whether 
pelvic exenteration is appropriate for recurrent colorectal 
carcinoma. Kiselow et al,” in describing a group of 312 to- 
tal pelvic exenterations for a variety of cancers, included 
43 patients with carcinoma of the rectum or sigmoid. They 
believed that recurrence following abdominoperineal re- 
section in this group was not suitable for total pelvic ex- 
enteration. We and other authors*”’ believe that exenter- 
ation may be the best and only treatment option in 
selected patients with recurrence. 

In our series, 68 patients underwent pelvic exenteration 
for colorectal adenocarcinoma. Forty-seven of these were 
for the initial treatment of the colorectal tumor. An addi- 
tional 21 patients underwent pelvic exenteration for 
recurrent disease. All surgery was performed with intent 
to cure the patient. Also, no patients had evidence of dis- 
ease following the exenteration. Clinical recurrence de- 
veloped in 44% of all patients: 34% of patients with pri- 
mary disease, and 66% of patients with exenteration for 
recurrent disease. Recurrence rates for colorectal carci- 
noma vary with location and stage.” Overall recurrence 
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rates for primary rectal cancer following abdominoper- 
ineal resection have ranged from 40% to 75%.'*"© Has 
more aggressive local surgery such as exenteration im- 
proved this rate? Variations between studies make such 
compar’sons difficult since many series combine results 
from primary and recurrent disease. Boey et alf found a 
58% recurrence rate in a group of 49 patients who under- 
went either total or posterior exenteration for primary 
disease. Lopez et al’ reported a 37% recurrence rate and 
all patients died at a mean age of 8 months after the re- 
currence. However, this series reported primary and re- 
current cancers undergoing exenteration. 

Local recurrence rates following curative surgery for 
rectal cancer remain a controversial topic. Cass et al” re- 
ported local recurrence rates of 31% and 29% for abdom- 
inoperireal resection and low anterior resection, respec- 
tively. Neville et al! noted local recurrence rates of 19%, 
17%, and 24% for abdominoperineal resection, low ante- 
rior resection, and stapled end-to-end anastomosis, re- 
spectively. Rates in other series range from 10% to 48% for 
locoregional failure. "5° Studies that have focused only 
on exenterations describe a similar variability. Both Eck- 
hauser et al? and Boey et alí have reported locoregional 
recurrence rates of 29%. Lindsey et alë reported a 34% lo- 
cal recurrence, although this included lesions that were 
not of colorectal origin. Following curative resection for 
rectal cancer, approximately 25% of patients who suc- 
cumb to recurrent disease do so with cancer limited to the 
pelvis.’® 

The overall 5-year survival rates of 43% for primary 
disease and 20% for recurrent disease in our series com- 
pare favorably with other reports in the literature. Five- 
year survival rates following exenteration for primary 
disease have been reported from 30% to 50% .°”""° Data 
for survival following exenteration for recurrent colorec- 
tal carcinoma are sparse. Takagi et al” described seven 
patients undergoing exenteration with sacral resection for 
recurrent rectal cancer. Five patients had recurrence and 
three of them died during a follow-up of 12 to 32 months. 
Because of this poor prognosis, we consider sacral in- 
volvement by recurrent tumor a contraindication to exen- 
teration. In general, a pelvic recurrence following resec- 
tion of a rectal carcinoma has carried a grim prognosis, 
with 5-year survival reported as low as 4%.” 

We conclude that the predominant pattern of recur- 
rence following pelvic exenteration for colorectal adeno- 
carcinoma is locoregional, whether the procedure is done 
for primary or recurrent disease. When performed as the 
primary treatment modality, our results reinforce the 
need for adjuvant therapy for this disease. Recent reports 
have demonstrated that multimodality therapy consisting 
of adjuvent radiation and chemotherapy can prolong both 
the disease-free interval and overall survival rate.’ The 
high rate of locoregional recurrence following exentera- 
tion for recurrent disease is frustrating. More aggressive 
use of multimodality therapy in the treatment of the pri- 
mary tumor may reduce this figure. However, we still 
advocate exenteration for selected patients since it often 
remains their best treatment option. 
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Discussion 


JOHN S. SPRATT, MD, Louisville, KY: What is the definition of 
pelvic exenteration? In our text in 1972 with Bricker and Butcher, 
we defined it as the dissection between the parietal layer of the 
endopelvic fascia and the pelvic parietes, including the levator 
sling and the ischiorectal fat pad. Anything less than that, in our 
opinion, is not a true pelvic exenteration. Secondly, in 1961 and 
in the mid-1970s, we showed very clearly that there is a biolog- 
ical variant of colorectal cancer that never metastasizes. It is from 
this subset that colorectal cancers recur locally, so one would not 
expect generalized dissemination for those cancers that become 
candidates for pelvic exenterations. Then you have to look at the 
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stratification of these cases according to a number of different 
variables to appreciate the biological uniqueness of the nonme- 
tastasizing subset of colorectal cancers. But, if you do not do a 
definitive resection at the initial procedure, and these otherwise 
localized cancers get to growing insidiously through the adjacent 
tissues, you lose the patients with a lot of terminal morbidity. 

JAMES F. EVANS, MD, Danville, Pa: There really are two oper- 
ations lumped here, which are very different operations. Taking 
out the uterus for a rectal cancer on the anterior wall would not 
be at all an uncommon operation, but doing a cystectomy would 
be relatively uncommon. Did you break down any of your results 
data to give us some information on the results of recurrence and 
survival for patients who had what you call the “total pelvic ex- 
enteration?” 

M. MARGARET KEMENY, MD, New York, NY: We did a similar 
study that showed that Dukes’ classifications were very impor- 
tant in this kind of a study. Did you break down your study into 
Dukes’ B, C? 

BERNARD GARDNER, MD, Hackensack, NJ: I compliment you 
on stressing the importance of an aggressive approach to 
primary colon cancer or rectal cancer. We reported about 8 years 
ago a series of patients with multiple organ excision for colon 
cancer with a 60% 5-year survival. Some of those patients we had 
to reoperate two to three times in order to get them tumor-free. 
Have you had any success with recurrence after your pelvic ex- 
enteration for primary disease in making these patients show no 
evidence of disease? 

THOMAS A. COLACCHIO, MD, Hanover, NH: A relatively small 
number of patients received radiation therapy in your group. I 
wonder if you were able to break out which of those subse- 
quently went on to have local recurrence? Is part of your conclu- 
sion, since the primary area of recurrence is local, that these pa- 
tients in fact should all get multimodality adjuvant therapy? 

RICHARD D. KEIDAN, MD, Philadelphia, Pa: My first question 
relates to additional treatment since over half failed at locore- 
gional sites. Would that lead you to evaluate intraoperative ra- 
diation therapy as an option or other specific therapies since 
many failures are in the pelvis? The second question is, did you 
break this data down into those patients who had either grossly 
positive margins left behind or microscopically positive margins 
left behind, and use that data to try and stratify additional ther- 
apy for these patients? 

DR HAFNER: We would agree on the subset that remains con- 
fined to the pelvis, and I think the difficulty in this disease is 
trying to identify that particular group. Our major focus in this 
series was to concentrate on the issues of primary and recurrent 
disease. We found that when we started to break them down into 
total and posterior exenterations, the numbers did start to 
become somewhat small. I can tell you that the survival for pri- 
mary disease (43% overall) was 55% after total exenterations and 
39% after the posteriors; for recurrent disease (with a 20% over- 
all survival), it was 17% after total exenterations and 22% after 
the posteriors. 

At least in the primary disease group, where that is pertinent, 
47% of those 47 patients had either B3 or C3 lesions. We have had 
success only as reflected in the recurrent disease group, in other 
words, a relatively high incidence of recurrence. In light of the 
recent recommendations from the consensus conference, I think 
that certainly for primary disease in the future, most of these 
patients will indeed be getting multimodality therapy. As far as 
the breakdown for those few patients who were radiated, the 
single patient with primary disease who received multimodality 
therapy died without any evidence of disease after 67 months; 
in the four patients with recurrent disease, one was an operative 
mortality, two died with no evidence of disease at 3 and 36 
months, and the fourth patient was dead with disease after 35 
months with both locoregional and distant failure. All patients 
had surgically negative margins microscopically. We do not have 
any experience with intraoperative radiation therapy. 
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Prognosis and Management 
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è Seventy patients with Merkel cell carcinoma were treated 
at Memorial Sloan-Kettering Cancer Center between 1969 
and 1989. The overall estimated 5-year survival rate was 
64%. Factors predictive of improved survival included head 
and neck site and negative lymph nodes at presentation. Lo- 
cal recurrence was seen in 18 patients (26%) and did not cor- 
relate with patient-, tumor-, or treatment-related variables. 
Nine patients with local recurrence (50%) were free of dis- 
ease following aggressive reoperation. Regional nodes were 
involved at some point during the course of the disease in 
forty-six patients (66%). Regional lymph node involvement 
was apparent within 2 years of diagnosis in 40 (87%) of 46 
patients in whom it occurred. Systemic disease was nearly 
uniformly preceded by the appearance of nodal metastases 
and was uniformly fatal regardless of subsequent therapy. 
This suggests an orderly “cascade” pattern of spread for this 
tumor, in which elective regional lymph node dissection may 
be justified. Our recommendations for treatment include a 
wide excision of the primary tumor and either elective or 
early therapeutic regional node dissection. The role of ad- 
juvant radiotherapy or chemotherapy remains unproven. 
(Arch Surg. 1991;126:1514-1519) 


Ma: cell carcinoma (MCC) is an unusual and poten- 

tially aggressive cancer of the skin originally de- 
scribed by Toker’ in 1972 as trabecular cell carcinoma. It 
was popularized as MCC because of the discovery of 
membrane-bound dense-core neurosecretory granules 
within the neoplastic cells similar to those found in the 
normal Merkel cell, a neuroendocrine cell of the skin.’ 
This has led to the theory that the Merkel cell is the pre- 
cursor cell of this neoplasm and, hence, the name. This 
review was undertaken to study the natural history of 
MCC, to try to identify its prognostic factors, and to de- 
fine the rational management of these neoplasms with 
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regard to surgical margins, regional lymph node dissec- 
tion, and the role of adjuvant therapy. 


PATIENTS AND METHODS 


A computer search of the tumor registry and records from the 
department of pathology of Memorial Sloan-Kettering Cancer 
Center, New York, NY, was carried out for MCC and skin 
tumors under the subcategory of sweat gland tumor, endocrine 
tumor, or unclassified tumor from 1969 through 1989. Pathology 
slides were then retrieved and reviewed by a single pathologist 
(C.U.). Eighty-nine patients had a diagnosis of MCC. Of these, 
medical records of 77 patients who were treated primarily at 
Memorial Sloan-Kettering Cancer Center were available for re- 
view. Follow-up information was obtained from outpatient 
charts or through mail or telephone correspondence. Adequate 
data and complete follow-up were available for 70 patients who 
form the basis of this review. Of these 70 patients, 66 (94%) were 
accrued between 1980 and 1989. 

Prognostic factors analyzed included patient age and sex, the 
site and size of the primary tumor, and the clinical stage at pre- 
sentation. The impact on survival of other factors, including the 
presence of lymph node metastasis during the course of the dis- 
ease and the use of adjuvant therapy, was also evaluated. We 
also studied factors affecting local recurrence, including tumor 
size, site, surgical margin, and adjuvant radiotherapy, and those 
affecting the development of regional lymph node metastasis, 
including tumor size, site, distance in relation to the first-echelon 
lymph nodes on the limb, and adjuvant radiotherapy. 

Patients were staged at presentation according to the ab- 
sence (stage I) or presence (stage II) of positive regional 
lymph nodes and by the presence of systemic metastasis 
(stage III). Surgical margin was defined as the narrowest 
lateral margin on paraffin section. Tumor size was divided 
into two groups: T1 lesions were 2 cm or less and T2 lesions 
were greater than 2 cm in maximum diameter. 

Survival was determined from the date of diagnosis to date of 
death or last follow-up. Survival curves were calculated using 
the Kaplan-Meier method.’ The statistical significance of survival 
differences for each variable was determined using the 
Wilcoxon-Gehan test. Variables found to be significant on 
univariate analysis were tested in a stratified analysis to deter- 
mine whether they added independently to risk.* Comparison of 
categorical variables was performed using the x* test with Yates’ 
correction or Fisher’s Exact Test. Differences were considered 
significant at P= .05. 


Patients 


There were 39 men and 31 women, all Caucasian, ranging in 
age from 38 to 88 years (median, 66 years) (Fig 1). Sixty-one pa- 
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Fig 1.—Age and sex aistribution of 70 patients with Merkel cell car- 
cinoma (39 men, 31 women). 


tients (88%) presented with asymptomatic skin nodules, four 
(6%) with an ulcerating mass, and five (7%) with enlarged met- 
astatic lymph nodes and unidentified primary tumors. Thirty- 
one patients (44%) were referred to our institution after having 
undergone biopsy or incomplete excision elsewhere. 

Forty-eight patients (69%) presented with local disease only 
(stage I), and the remaining 22 (31%) with clinically positive re- 
gional nodes (stage II). Twenty-six lesions (37%) were located on 
the lower extremity (17 on the thigh and nine on the lower leg), 
19 (27%) on the head and neck, 13 (19%) on the buttock, nine 
(13%) on the upper extremity, (six on the upper arm and three 
on the forearm), and three (4%) on the trunk. By sex, the site 
most frequently involved was the lower extremity (18 [46%] of 
39) in men and the head and neck (14 [45%] of 31) in women 
(Table 1). 

Tumor size was evaluable in 63 patients. The median primary 
tumor size was 2.7 cm (range, 0.5 to 14 cm). There were 41 T1 
tumors (65%) and 22 T2 tumors (35%). 


Treatment 


Management of Local Disease.—For most primary lesions, 
wide excisions or reexcisions were carried out following inci- 
sional or excisional biopsy. Locally recurrent disease was treated 
in the same manner. The surgical margin was evaluable in 38 
specimens and ranged from 1 cm in the head and neck to 5 cm 
in the buttock. Margins were 3 cm or less in 27 (71%) of 38 spec- 
imens and greater than 3 cm in the remaining 11 specimens 
(29%). In the head and neck, 12 (86%) of 14 evaluable specimens 
were excised with margins of 3 cm or less compared with 15 
(63%) of 24 evaluable specimens from other sites. Adjuvant ra- 
diotherapy was administered to the tumor bed after wide exci- 
sion of primary tumor in three patients and for locally recurrent 
tumor in seven patients, with doses ranging from 40 to 60 Gy. 

Management of Regional Nodal Disease. — Four patients with 
clinical stage I disease underwent elective lymph node dissec- 
tion; all had negative nodes. Forty-six patients developed lymph 
node metastasis, 22 at the time of presentation and 24 at a later 
date. Forty-one patients underwent therapeutic node dissection, 
and five received palliative radiotherapy and chemotherapy for 
concomitant distant disease. Adjuvant radiotherapy to the nodal 
bed was used in 10 (24%) of 41 patients. 

Chemotherapy. —Chemotherapy was given either as an adju- 
vant or palliative treatment in 18 patients, nine of whom also re- 
ceived radiation therapy. Single-agent chemotherapy was ad- 
ministered to five patients, 5-fluorouracil to one patient, and 
doxorubicin hydrochloride or cisplatin to two patients each. 
Multiagent therapy was given to the remaining 13 patients. The 
most commonly used chemotherapeutic regimen consisted of 
cyclophosphamide, doxorubicin hydrochloride, and vincristine 
in five patients, followed by cisplatin and etoposide (VP-16) in 
three patients. 

Radiation Therapy. —Radiotherapy was given to 31 sites in 19 


Arch Surg—Vol 126, December 1991 





00 
£ 
2 
È 
5 
A 
c 
2 
S 
O 
= 
à 


60 80 100 
Time, mo 


Fig 2.— Overall 10-year survival of 70 patients with Merkel cell car- 
cinoma. Tick mark indicates last follow-up. Square indicates that 
follow-up data were available for all 70 patients. 


patients. It was used as an adjuvant treatment to 10 primary tu- 
mor beds and to 11 regional nodal basins in 10 patients (one pa- 
tient received adjuvant radiotherapy after bilateral axillary dis- 
section). The median dose was 55 Gy. Palliative radiotherapy 
was administered for locally unresectable tumor at 10 sites. 


RESULTS 
Survival 


The overall 5-year survival rate for the entire group was 
64% (Fig 2), with 42 patients (60%) alive and free of dis- 
ease, seven (10%) alive with disease, 19 (27%) dead of 
disease, and two (3%) dead of other causes. The median 
follow-up was 28 months for the entire group, 51 months 
(range, 5 to 235 months) for patients free of disease at last 
follow-up and 20 months (range, 6 to 41 months) for those 
who died of disease. Thirty-four patients were treated at 
least 5 years prior to the analysis, of whom 16 (47%) were 
alive and free of disease at the time of this report. 

Table 2 illustrates the univariate analysis of selected 
prognostic variables assessable at the time of presenta- 
tion. Overall, patients with MCC of the head and neck 
had the most favorable survival, and those with MCC of 
the buttock had the worst survival (P=.03). The 5-year 
survival rate of the head and neck group was 91% com- 
pared with 48% for the other sites combined (P = .02) (Fig 
3). Stage I patients had longer survival than stage II pa- 
tients (5-year survival, 64% vs 47%, P=.04) (Fig 4). 

By multivariate analysis, site remained a significant pre- 
dictor of survival when stratified by stage (P = .04). On the 
other hand, stage was a significant predictor of outcome 
for the head and neck and for the buttock/trunk (P<.01) 
but not for extremity sites. 

There was a significant survival difference between the 
group with nodal involvement and those without during 
the entire follow-up course (5-year survival, 48% vs 88%, 
P=.005) (Fig 5). No significant survival difference was 
observed between patients with synchronous and me- 
tachronous regional lymph node metastasis (P = .45). 


Local Recurrence 


Eighteen (26%) of 70 patients had local recurrences; all 
underwent reexcision. Of these patients, four were alive 
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| Table 1.—Distribution of Variables by Site 


No. of Patients 

OO On ee eee kvl — 
Head Buttock 

All and and Upper Lower 

Sites Neck Trunk Extremity Extremity 
















Age, y 
<60 
>60 


Tumor size, cm* 





<2 41 17 = 10 10 

>2 22 2 9 0 11 
Tumor margin, cmt 

<3 BT ity Ae 5 4 6 

>3 11 2 = 2 3 


Tumor staget 


*Information on tumor size was available for 63 of 70 patients. 

tinformation on lateral tumor margins was available for 38 of 70 
patients. 

Clinical stage at presentation. 


Table 2.—Factors Affecting Survival in Patients 
With Merkel Cell Carcinoma 





5-Year 
Survival 
Rate, % 


Median 
Survival, mo 


No. of 
Patients 


















Age, y 
<60 
260 


Tumor size, cmt 
<2 41 30 73 
>2 


NS 





NS 






Tumor site 


Head and neck 19 30 91 

Buttock, trunk 16 17 64 02 
Upper extremity 9 30 63 i 
Lower extremity 26 29 71 


Tumor staget 
| 48 27 64 
I 


*NS indicates not significant. 
tinformation on tumor size was available for 63 of 70 patients. 
+Clinical stage at presentation. 


with no evidence of disease and 14 had recurrences again, 
with either regional lymph node metastasis or distant 
disease. At the time of this report, of the 14 patients who 
had recurrences a second time, five had no evidence of 
disease after reexcision and regional lymphadenectomy, 
eight were dead of disease, and one was alive with 
disease. In all, nine (50%) of 18 patients who developed 
local recurrences had no evidence of disease at last 
follow-up; four after reexcision alone and five after reex- 
cision and regional lymphadenectomy. Of those for 
whom the time to local recurrence was known, the 
median time was 7.4 months (range, 5 to 37 months). Tu- 
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Fig 3.—Tem-year survival curves of patients with Merkel cell carci- 
noma of the head and neck (square, n=19) and other sites 
combined (circles, n=51, P=.02). Tick mark indicates last follow- 


up. 
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Fig 4.—Servival curves of patients with clinical stage | (squares, 
n=48) and stage II (circles, n=22) Merkel cell carcinoma at presen- 
tation (P= .04). Tick mark indicates last follow-up. 


mor site, size, surgical margin, and adjuvant radiotherapy 
were net predictive of local recurrence by univariate 
analysis (Table 3). However there was a trend toward 
more local recurrences in the head and neck (P=.10) and 
where margins were 3 cm or less (four of 27 patients) 
compared with margins greater than 3 cm (none of 11 pa- 
tients, F=.16). 

Local recurrence was not found to be a predictor of 
survival. Patients with MCC of the head and neck had the 
highest rate of local recurrence (seven [37%] of 19 pa- 
tients) but also had the best overall survival rate at 5 years 
(17 [91%] of 19 patients). 

Local failure after adjuvant radiotherapy to the tumor 
bed was seen in two of 10 patients, not significantly dif- 
ferent from the local recurrence rate of patients receiving 
no adjuvant radiotherapy. Ten locally unresectable lesions 
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Fig 5.— Survival curves of patients with (circles, n =46) and without 
(squares, n= 24) regional lymph node metastasis during the entire 
follow-up (P=.005). Tick mark indicates last follow-up. 









Table 3.—Factors Affecting Local Recurrence in 
Patients With Merkel Cell Carcinoma 


No. of Patients With Local 
Patients Recurrence, No. (%) P 







Factor 










Tumor site 






Head and neck 19 7 (37) 10 

Other sites 51 11 (22) i 
Tumor size, cm* 

<? 41 8 (20) 






>2 .24 






Tumor margin, cmt 





<3 27 4 (15) 16 

>3 11 0 (0) 
Adjuvant radiotherapy 

Used 10 2 (20) 






Not used 





*Information on tumor size was available for 63 of 70 patients. 
tinformation on lateral tumor margins was available for 38 of 70 
patients. 


were treated with palliative radiotherapy, with partial re- 
gression in four and no response in six. 


Lymph Node Metastasis 


Forty-six (66%) of 70 patients (66%) with MCC devel- 
oped regional lymph node metastasis at some time dur- 
ing the course of their disease. The median time from 
treatment of the primary tumor to the appearance of me- 
tachronous regional nodal metastasis in 20 of 48 patients 
with stage I disease was 7 months (range, 2 to 27 months). 
Approximately 87% (40 of 46 patients) of metachronous 
lymph node metastasis occurred within 24 months fol- 
lowing excision of the primary tumor. Merkel cell carci- 
noma arising in the buttock area was associated with the 
highest rate of nodal metastasis (75% [12 of 16 patients]), 
followed by the lower extremity (69% [18 of 26 patients]), 
the upper extremity (67% [six of nine patients]), and the 
head and neck (53% [10 of 19 patients]). Tumor site, size, 
surgical margin, and proximity of the lesion located in the 
extremity relative to the regional lymph node basin were 
not predictive of development of lymph node metastasis. 
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There was no significant difference in the incidence of 

ph node metastasis between MCC located on the 
proximal limb (16 [62%] of 26 patients) and the distal limb 
(seven [54%] of 13 patients) (P= .18). However, the prox- 
imal tumors had a tendency to involve the regional nodes 
at an earlier stage than the distal tumors. Of 26 proximal 
lesions, 10 developed synchronous and six developed 
metachronous nodal metastasis. Of the 13 distal lesions, 
only one developed synchronous and the remaining six 
metachronous nodal metastasis (P = .04). 

Recurrence after lymphadenectomy was seen in one of 
11 nodal basins after adjuvant radiotherapy, not signifi- 
cantly different than the rate of none of 30 nodal basins 
receiving no adjuvant radiotherapy (P = .23). 


Distant Metastases 


Distant metastases occurred in 20 patients (29%) in our 
series. In all patients but one, systemic disease was asso- 
ciated with synchronous or antecedent regional lymph 
node metastasis. The most frequent site was the retro- 
peritoneal lymph nodes, with or without peritoneal car- 
cinomatosis (10 patients). Other sites were the mediasti- 
nal lymph nodes, neck, chest wall, liver, stomach, brain, 
kidney, and ovary. 

Adjuvant chemotherapy was used in four patients. 
Two patients were alive with no evidence of disease and 
two died of other causes. Fourteen patients with ad- 
vanced MCC received palliative chemotherapy. Partial to 
complete response was seen in 57% (eight of 14 patients). 
The highest response rate was associated with the regi- 
men of cyclophosphamide and doxorubicin hydrochlo- 
ride, and, more recently, etoposide (VP-16) and cisplatin. 
No response was seen in six (43%) of 14 patients. 

All patients with systemic disease ultimately died of 
their disease. The median interval from discovery of dis- 
tant metastasis to death was 5 months (range, 1 to 32 
months). 


COMMENT 


Merkel cell carcinoma was initially described as an in- 
dolent tumor of low malignant potential! whose clinical 
behavior could not be predicted by the microscopic 
features.” However, as more cases have been compiled 
and analyzed, it has become clear that this is a potentially 
aggressive skin cancer with a high incidence rate (50% to 
76%) of metastasis to regional lymph nodes. Our study 
has confirmed this impression. As noted by others, we 
found that this cancer commonly occurs in an elderly 
population, with a slightly higher rate in men than 
women. The most frequent site involved, in our series and 
others, was the lower extremity,°?!! although other 
reports have cited the head and neck as the most common 
site (50% to 65%), >” especially in women.’ We found that 
both claims were true when the pattern of the tumor dis- 
tribution was stratified by gender. In women the most 
common location was the head and neck (40%) and in 
men it was the lower extremity (40%). The sun-exposed 
area has been reported as being a preponderant site for 
this cancer.'* We did not find such a correlation in our se- 
ries, as more than 60% of the lesions occurred in sun- 
concealed areas, such as the buttock, trunk, and proximal 
limbs. 

Merkel cell carcinoma infrequently involves the epider- 
mis. It has a tendency to invade subcutaneous tissue and 
muscle."” Histologically, Gould et al have classified 
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MCC into three prognostically distinct histologic sub- 
types: trabecular, intermediate, and small cell. However, 
all tumors reviewed in our series had a mixed pattern, 
with the intermediate type predominating. Mitoses were 
numerous and seen in all tumors and therefore were of no 
prognostic significance. 

Merkel cell carcinoma metastasizes primarily via the 
lymphatics. Its natural history and pattern of spread have 
been suggested to resemble those of melanoma.”’” We 
noted, from analysis of our series, that they are remark- 
ably similar to those of the intermediate-thickness mela- 
noma.!* This may be due to the fact that both lesions in- 
volve the dermal layer, which contains a rich lymphatic 
network. 

Merkel cell carcinoma appears to metastasize in a pre- 
dictable cascade pattern, with initial involvement of the 
first-echelon regional lymph nodes and subsequently the 
higher nodal groups. The first nodal basins at risk for 
metastasis from MCC of the buttock include the ipsilateral 
inguinal, pelvic, and obturator nodes. Merkel cell carci- 
nomas located on the extremity have a predictable lym- 
phatic drainage to the inguinal and axillary groups, 
whereas those on the trunk are unpredictable.” Nodal 
groups at risk from MCC of the head and neck are iden- 
tical to those at risk from melanoma or squamous cell car- 
cinoma at similar locations.” To date, the management of 
regional lymph nodes has not been clearly outlined. The 
role of elective node dissection for MCC remains contro- 
versial.?!° However, the orderly cascade pattern of me- 
tastasis from the primary MCC to the lymph nodes prior 
to development of systemic disease together with the high 
incidence of nodal metastases at some point in the course 
of the disease both support an aggressive policy of elec- 
tive lymph node dissection in all patients with MCC. It 
may be that interruption of the cascade pattern of me- 
tastasis at an early stage could have an impact on the sur- 
vival of patients with MCC. Due to the limited number of 
cases at any single institution, it is unlikely that a 
randomized prospective study addressing this treatment 
policy can be carried out in the future. 

Because 90% of metachronous nodal metastases occur 
within 2 years of excision of the primary tumor, close 
follow-up for at least that period of time is advised for pa- 
tients who present with stage I disease and do not 
undergo elective lymphadenectomy as a part of their ini- 
tial definitive therapy. Various factors, including tumor 
size greater than 2 cm, number of mitoses, lymphatic in- 
vasion, and tumor composed of small cells, have been re- 
ported as factors predisposing to the development of re- 
gional lymph node metastasis.” In our series, neither 
tumor site nor tumor size wag a significant predictor of 
regional node metastasis. We noted that metastasis to the 
regional lymph nodes from MCC on the distal extremity 
occurred later than from MCC of the proximal extremity, 
although the overall incidence of nodal metastasis was not 
significantly different. 

Local recurrence was observed in 26% of our patients, 
similar to the rate reported by Shaw and Rumbull” in their 


- review. Local recurrence has been previously reported to 


be associated with a margin of excision of less than 1 mm, 
mostly for deep margins, prompting the recommendation 
to obtain a margin of at least 2 mm." Since the deep mar- 
gin was often not accurately recorded, particularly when 
the primary excision was done elsewhere, we decided to 
look, instead, at the lateral surgical margin. Our analysis 
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showed that local recurrence developed in four of 27 pa- 
tients w:th margins of 3 cm or less compared with none 
of 11 patients with margins greater than 3 cm (P=.16). 
Althougn the difference was not statistically significant, 
there wes a trend in favor of patients undergoing wider 
excision. Based on this, we recommend that a lateral 
margin cf at least 3 cm should be obtained when possible. 

The role of adjuvant therapy has not yet been estab- 
lished fcr a number of reasons. First, there are too few 
cases for a prospective clinical trial. Second, a variety of 
treatment protocols have been reported with inconsistent 
results. Finally, there has been no clear identification of 
risk factors for which adjuvant therapy should be em- 
ployed. 

Feun et al” suggested that adjuvant chemotherapy 
should be given to patients with MCC with small cell his- 
tologic characteristics, those who present with positive 
lymph nodes, and those whose resected nodes are 
replaced at least 30% by tumor. Although some have rec- 
ommenced a chemotherapy regimen similar to that used 
in patients with oat cell lung carcinoma,” which shares 
some common neuroendocrine differentiation and histo- 
logic cheracteristics with MCC, no consistently effective 
combination has yet been found for patients with ad- 
vanced disease. As such, it is difficult to know which 
drugs to use in the adjuvant setting. In addition, chemo- 
therapy `s rarely curative in patients with advanced dis- 
ease; Feun et al” observed that, while dramatic tumor re- 
gression associated with chemotherapy can be seen, once 
the diseese has relapsed or progressed, the course there- 
after is usually rapid deterioration.” Although the use of 
chemotherapy in the treatment of advanced unresectable 
disease is warranted, its role in the adjuvant setting in 
patients at risk for recurrence remains unproven. 

Radiosensitivity of MCC and its use as an adjuvant 
treatmert are well described.'°”* In one reported series, 
radiotherapy was used for measurable locoregional or 
metastatic disease in 23 sites in 14 patients, with an over- 
all response rate of 100% (23 of 23 sites) and 96% (22 of 23 
sites) complete response.™ For recurrent MCC in a previ- 
ously irradiated area, Knox and Kapp” used hyperther- 
mia and concomitant low- to moderate-dose radiation 
therapy, with encouraging results. In our series, the effect 
of radiotherapy was not so impressive, even in palliative 
cases. We found no significant advantage of adjuvant ra- 
diotheraDy in local or regional control over aggressive 
surgery alone. Its use as a palliative treatment for locally 
unresectable tumor remains significant. We do not advo- 
cate use of radiotherapy as a definitive treatment to sub- 
stitute for curative excision or as an adjunctive therapy for 
inadequate excision of the primary tumor. In our series, 
two of the 10 patients who had local recurrences follow- 
ing adjuvant doses of radiation therapy were found to 
have undergone an inadequate excision, one with a pos- 
itive microscopic margin and the other with a limited 
margin cf less than 1 cm, and both patients had extensive 
lymphatic and vascular invasion. 


Conclusion 


In management of MCC, we recommend wide excision 
of the primary lesion with a lateral margin of at least 3 cm, 
combined with elective or early therapeutic lymph node 
dissection. The role of adjuvant radiotherapy or chemo- 
therapy remains unproven. However, therapeutic radio- 
therapy or chemotherapy may be palliative and should be 
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considered in selected patients with advanced disease. 


We thank John Liu, MS, Department of Epidemiology and Biosta- 
tistics, and Janet Morrobel, Clinacal Information Center, Memorial 
Sloan-Kettering Cancer Center, for their significant contributions. 
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Discussion 

EDWARD G. MANSOUR, MD, Cleveland, Ohio: Your slides 
showed that the survival curves of patients with metachronous 
and synchronous lymph node metastasis were exactly overlap- 
ping. How could you recommend elective lymph node dissec- 
tion? 

JOHN M. DALY, MD, Philadelphia, Pa: Are there any histologic 
criteria at all that help you to predict survival or predict nodal 
disease? Can you clarify that part of the extent of the 
lymphadenectomy —were these in the top line (the people who 
did well), were these people who had positive nodes, say, in the 
axilla, had an axillary dissection, and then subsequently had a 
neck dissection in two different nodal basins? Or did they recur 
in the same nodal basin and then get re-resected? I was unclear 
about that. 

DR YIENGPRUKSAWAN: Dr Mansour, we know that this cancer 
is associated with a high incidence rate of regional lymph node 
metastasis, which is a significantly poor prognosticator (49% 
5-year survival rate, vs 89% for those with only local disease). We 
also found that it has a highly predictable cascade pattern of 
spread; it almost always metastasizes to the regional lymph 
nodes before it spreads distantly. For these reasons alone, we 
feel that elective lymph node dissection is justified. Further- 
more, we have shown that, for patients who had regional lymph 
nodes either dissected at the time when the nodal involvement 
is minimal or adequately dissected to encompass at least one 
negative nodal station (R— N21 dissection), their chances of 
cure were almost as good as those of patients who had local dis- 
ease only. Therefore, this seems to suggest the potential role of 
elective lymph node dissection as a curative operation. Thera- 
peutic nodal dissection may be an alternative only if the patient 
can be closely and reliably followed, but, of course, at the risk 
of understaging the extent of the disease, which may lead to an 
inadequate surgery. 

Dr Daly, that was for local recurrence only. Those patients 
with recurrent nodal disease in the same dissected nodal basin 
were almost always found to have concomitant systemic me- 
tastases. In fact, there was no patient with recurrent nodal dis- 
ease who could be re-resected in our series. 
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A 5-Year Study of Cryosurgery in the Treatment 
of Liver Tumors 


T. S. Ravikumar, MD; Robert Kane, MD; Blake Cady, MD; Roger Jenkins, MD; 
Melvin Clouse, MD; Glenn Steele Jr, MD 


@ This report summarizes our 5-year experience with cryo- 
surgery for in situ ablation of liver tumors. The liver was 
exposed with laparotomy, and the tumors were subjected to 
two freeze-thaw cycles using liquid nitrogen delivered by 
insulated probes; cryoablation was monitored with intra- 
operative ultrasonography. Tumor markers and computed 
tomography evaluated tumor response during long-term 
follow-up. From 1985 to 1990, 32 patients (19 men and 13 
women) were entered into this study. The histologic char- 
acteristics of the tumors were as follows: colorectal, 24 pa- 
tients; hepatoma, three patients; neuroendocrine, two pa- 
tients; and others, three patients. After a follow-up period 
of 5 to 60 months (median follow-up, 24 months), nine pa- 
tients (28%) remained disease free, 11 patients (34%) were 
alive with disease, and 12 patients (38%) died. The patterns 
of failure included liver and extrahepatic disease in 54% of 
cases, liver disease only in 32% of cases, and extrahepatic 
disease only in 14% of cases. In patients with “liver only” 
failure, recurrence at the treatment site occurred in three 
patients (9%). This study establishes the long-term effec- 
tiveness of cryosurgery in the treatment of primary and 
metastatic liver tumors. 
(Arch Surg. 1991;126:1520-1524) 


rimary liver cancers and liver metastases from gas- 
trointestinal cancers result in significant cancer- 
related mortality worldwide. A majority of patients with 
primary liver tumors and about 25% of patients with gas- 
trointestinal primary tumors die with disease localized to 
the liver.!? Surgical resection still remains the only cura- 
tive regional therapy for these patients.’ However, mul- 
tiplicity of tumors involving both lobes of the liver, poor 
liver reserve (ie, cirrhosis), anatomic location of tumors 
close to major vessels, and patients’ comorbid conditions 
often limit the option of surgical resection. 
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In situ destruction of tumors using subzero temper- 
atures (ie, cryosurgery) has recently been shown to be 
effective in controlling tumors in the liver.*° Such treat- 
ment can be precisely focused on the tumor, facilitated 
by the use of intraoperative ultrasonographic (IOUS) 
monitoring, thereby minimizing cryoneurosis of sur- 
rounding normal liver in experimental models and hu- 
mans.*” Freeze-thaw cycles used in cryosurgery kill 
tumors by physicochemical changes as well as by oblit- 
eration of small blood vessels, with the resultant micro- 
circulatory failure and hypoxic cell death.*’ We previ- 
ously demonstrated the feasibility of using cryoablation 
for the treatment of liver tumors in terms of safety, 
ability to monitor cryoablation by IOUS, and antitumor 
response by pathologic/radiologic criteria in a pilot 
study.’ In this report, we summarize our 5-year expe- 
rience in treating primary and metastatic tumors of the 
liver with cryosurgery. 


MATERIALS AND METHODS 
Patient Eligibility and Preoperative Evaluation 


All patients should be older than age 18 years and have doc- 
umented primary or metastatic tumor in the liver. Preoperative 
evaluation should indicate no evidence of extrahepatic disease. 
The tumors were considered unresectable because of bilaterality, 
anatomic location, or patient’s comorbid disease precluding a 
high-risk liver resection. Preoperative abdominal computed to- 
mography (CT), liver ultrasonography, and liver function tests 
were performed in all patients. Hepatic angiograms and tumor 
markers (ie, carcinoembryonic antigen, 5-hydroxyindolacetic 
acid, glucagon, and a-fetoprotein) were obtained before surgery 
as deemed appropriate. 


Operative Techniques 


A right subcostal incision was used for liver exposure. The 
liver was examined bimanually and the peritoneal cavity was 
explored to rule out extrahepatic disease. The ligamentous 
attachments of the liver were released. An intraoperative ultra- 
sound unit (OR 330 Technicare, Aloca, Mass, or Toshiba 
SSA-Sonolayer, Toshiba America Medical Systems Inc, New 
York, NY) was used to obtain real-time scans of the entire liver. 
The 5-mHz or 7.5-mHz linear-array “T” or “I” configuration 
transducers were used for this scanning. 

Eight-millimeter, 10-mm, or 12-mm probes of trocar or disk 
design were used for hepatic cryoablation. The probe was driven 
by a cryosurgical system (CE4-Frigitronics Inc, Shelton, Conn; 
ERBE, Tubingen, Germany; or LCS 2000 System, Cryogenic 
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Fig 1.—Histologic types of tumors in 32 patients undergoing cryo- 
surgery for liver cancer. Seventy-five percent of the tumors were 
colorectal cancers (CRCs) metastatic to the liver. 


Technology Limited, Derbyshire, England) that circulates liquid 
nitrogen through the probe et —196°C. Freezing was accom- 
plished by placing the probe ir the center of the lesion under ul- 
trasonographic guidance with continuous monitoring of the 
freeze-thaw process by ultrasonography. Throughout this freez- 
ing process, the liver was isolated from the surrounding struc- 
tures to protect the contiguous viscera from accidental freezing 
and necrosis. The freezing portion of each freeze-thaw cycle took 
approximately 8 minutes and thawing took approximately 15 to 
20 minutes. Two or three freeze-thaw cycles were carried out for 
each lesion. The probe was withdrawn after complete warming 
and the tract was packed with an absorbable knitted fabric (Sur- 
gicel) or an absorbable gelatin sponge (Gelfoam) to minimize 
bleeding. 


Postoperative Follow-up 

Immediate postoperative care was not unlike that for any other 
minor liver procedure. The iritial evaluation included a deter- 
mination of vital signs, blood cell counts, electrolytes, and liver 
enzyme levels. The therapeutic response of the cryoablation was 
monitored by patients’ func-ional status, results of CT and 
ultrasonography, and tumor markers/liver chemistry profile 1 
week, 6 weeks, 3 months, 6 months, and 1 year after surgery and 
at six-month intervals thereafter. 


RESULTS 


From 1985 to 1990, 32 patients were entered into this 
study. Their median age was 67 years (range, 36 to 84 
years), and there were 19 men and 13 women. The IOUS 
was a very sensitive test to enumerate liver tumors, 
detecting up to 20% more lesions than predicated with 
preoperative studies. The IOUS provided detailed infor- 
mation regarding the twe-dimensional relations of the 
tumor to the vital anatomec landmarks of the liver. This 
information was useful in guiding the cryoprobe to the 
correct position within the tumor while avoiding injury to 
major vascular and biliary structures. The IOUS also 
monitored the freeze-thaw process accurately.*° 


Postoperative Hospital Stay and Complications 


The median hospital stay was 6 days. Hepatic cryosur- 
gery was demonstrated to be a safe operation with no post- 
operative mortality to date. The intraoperative bleeding 
from the probe tract was controlled by packing with an ab- 
sorbable knitted fabric or absorbable gelatin sponge and 
application of pressure for 10 minutes. Transient elevation 
of liver enzymes (less thar. two times normal) and leuko- 
cytosis (up to 16.0 x 10°/L cells) Were observed. Those lev- 
els normalized by the fifth postoperative day. The patients 
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Fig 2.— Kaplan-Meier survival curves demonstrating overall survival 
(circles) and disease-free survival (crosses) for 32 patients. 


had temperatures as high as 39°C, for 3 to 4 days after sur- 
gery, with negative cultures for any signs of systemic sep- 
sis. The two significant complications included the follow- 
ing: (1) right subphrenic abscess in one patient who un- 
derwent a right hepatic lobectomy and cryoablation of a 
left lobe metastasis, which was managed with CT -guided 
drainage of the abscess; and (2) partial wound dehiscence 
on the fifth postoperative day in another patient, requiring 
mass closure of the abdominal incision. This patient had 
severe obstructive pulmonary disease; cryoablation rather 
than resection of a solitary right lobe liver metastasis was 
performed in view of his comorbid condition. 


Tumor Characteristics 


The histologic types of tumors included colorectal in 24 
patients, hepatoma in three patients, neuroendocrine in 
two patients, and others in three patients (Fig 1). Two tu- 
mors in the “other” category were metastatic adenocarci- 
nomas to the liver with an unknown primary site of ori- 
gin; the third patient had cloacogenic carcinoma from the 
anal canal. Almost all tumors in patients with colorectal 
cancer were moderately differentiated, and 22 (92%) of 24 
patients had elevated carcinoembryonic antigen levels as 
tumor marker. One of the three patients with hepatoma 
had elevated a-fetoprotein levels. One patient with neu- 
roendocrine tumor had metastatic tumor (elevated 
5-hydroxyindolacetic acid levels), and the second patient 
had metastatic glucagonoma. 


Follow-up and Survival Data 


The follow-up period ranged from 5 months to 60 
months (median follow-up, 24 months). Kaplan-Meier 
survival analysis of all patients revealed an overall sur- 
vival of 62% and disease-free survival of 24% (Fig 2). 
Twelve patients (38%) died: 11 of recurrent tumors and 
one of myocardial infarction 10 months following cryo- 
surgery. Liver chemistry analysis, tumor markers, and 
radiologic criteria were used to evaluate antitumor re- 
sponse of cryosurgery. Computed tomography and ul- 
trasonography were used in radiologic evaluation of 
tumor response and recurrence. The CT scans were pref- 
erable in follow-up because they allowed better objective 
comparison from study to study and were less operator 
dependent (Figs 3 and 4). 


Histologic Proof of Long-term Control and 
Patterns of Failure 
We obtained histologic evidence of long-term disease 
control at the treated site in three patients. One patient 
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Fig 3.— Computed tomographic scans of the liver 5 days after cryosurgery (left) and 6 months later (right) showing gradual shrinkage of the 
treated lesion. 





Fig 4.— Computed tomographic scans of the liver 5 days after cryosurgery (left) and3 months after treatment (right). The tumor disappeared 


completely, with no residual scar. 


died of myocardial infarction 10 months following cry- 
oablation of hepatoma. Autopsy revealed no residual 
histologic evidence of malignancy. Two other patients 
underwent reoperations 6 months following the cryo- 
surgical procedure for the treatment of recurrent tu- 
mors in other parts of the liver. At the time of surgery, 
the original cryoablated lesions underwent biopsies to 
demonstrate scar tissue only, without evidence of local 
recurrence. 

Patterns of failure were analyzed both in terms of the 
histologic tumor type and sites of failure. Twelve (54%) of 
22 patients experienced failure in the remaining section of 
the liver and at extrahepatic sites. The remaining section 
of the liver was the only site of failure in seven patients 
(32%), while three patients (14%) had extrahepatic failure 
pattern, notably lung, peritoneum, and bone. Three (9%) 
of the 32 patients in the overall group experienced failure 
at the treated site in the liver. 

Cryosurgery was successful in controlling liver tumors 
in patients with colorectal and neuroendocrine liver me- 
tastases and hepatomas. Two of the three patients with 
hepatomas and both patients with neuroendocrine me- 
tastases demonstrated long-term disease control. Of the 
24 patients with colorectal liver metastases, 18 (75%) were 
rendered disease free at the time of cryosurgery and six 
(25%) had residual disease (due to incomplete freezing or 
extrahepatic disease detected). Of the 18 patients with no 
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residual cisease, seven (39%) are alive to date and disease 
free, and seven (39%) are alive with re-recurrence, for an 
overall survival rate of 78% using a Kaplan-Meier 5-year 
survival analysis. 


COMMENT 


The results of this study establish that long-term con- 
trol of primary and metastatic cancers of the liver is 
achievabl2 by in situ cryoablation, monitored precisely 
with ultresonography. Since it can be accomplished with 
no mortality and minimal morbidity, cryosurgery fills a 
need in the regional curative approaches for the treatment 
of primary liver tumors and metastatic cancers from select 
primary sites (eg, colorectal, neuroendocrine). 

Since the majority of cancers in this study were colo- 
rectal, a critical analysis of patterns of failure may shed 
some light into future treatment strategies. Of the 24 pa- 
tients with colorectal metastases, six (25%) had evidence 
of residual disease (ie, incomplete freezing or extrahepatic 
nodal disease) documented at the time of cryosurgery. 
Long-term disease control was not achieved in any of 
these patients. Hence, cryosurgery must be used with a 
curative intent only. Of the remaining 18 patients who 
had no residual disease at the time of cryosurgery, an 
overall survival rate of 78% was achieved, with a 39% 
disease-free survival rate. These data and the 28% 
disease-free survival rate for all patients in this study im- 
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ply that cryosurgery compares favorably with other cur- 
ative regional treatment approaches (ie, surgical resec- 
tion) for the treatment of liver tumors.’ Other studies from 
the United States and abroad report similar successful re- 
sults in the treatment of hepatomas and colorectal me- 
tastases with cryosurgery.”*”” 

In the majority of patients in whom cryosurgery was 
unsuccessful, failure occurred at sites different from 
those that underwent cryoablation. The fact that 15 
(68%) of 22 patients (54% with liver and extrahepatic 
failure and 14% with extrahepatic failure) experienced 
failure systemically implies the need for combining cry- 
osurgery with systemic adjuvant therapy. Unfortu- 
nately, any progress in this regard shall have to await 
the availability of effective systemic chemotherapy or 
biologic response modifier therapy." The patients who 
experienced failure in the remainder of the liver could 
similarly benefit from regional chemotherapy to the 
liver following cryoablatior if an effective modality be- 
comes available in the near future.” 

Recurrence at the treatment site was observed in 
three patients (9%). One patient had cloacogenic carci- 
noma from the anal cana. Lack of information with 
regard to the natural history of this disease with liver 
metastases compelled us to use cryosurgery as a less 
invasive option to avoid a formal right hepatic lobec- 
tomy. This patient experienced failure near the treated 
site and also systemically. Two other patients had poor 
IOUS monitoring at the time of cryosurgery and expe- 
rienced failure at the margins of cryoablation. One of 
these two patients has since undergone re-treatment of 
the “marginal miss” and has remained disease free 21 
months after cryosurgery. Better intraoperative moni- 
toring, inclusion of a sufficient rim of normal liver in 
the freeze zone (eg, 1 cm). and further animal studies 
to optimize freeze, hold, and thaw may improve the 
curability in this group of patients. 1° 

The ability of cryosurgery to conserve normal liver and the 
opportunities for re-treatment make this modality an effec- 
tive tool to treat primary liver tumors and functioning neu- 
roendocrine tumor metastases to the liver.” In countries in 
which hepatomas are common, cryosurgery would have a 
successful role as the primary treatment modality.° 


The authors gratefully acknowledge Liz Chernes and Carol Russo 
for preparing the manuscript. 
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Discussion 


MAN H. SHIU, MD, New York, NY: We have also performed 
cryotherapy treatment for liver cancer at Memorial Sloan- 
Kettering, although our series is not nearly as extensive. We 
have also found that it is a very useful tool to the hepatic surgeon. 
You can treat lesions that would be surgically unresectable, such 
as multiple lesions, lesions in the cirrhotic patients, and tumors 
near major vessels, such as the portal vein and the vena cava. I 
have one technical question. Have you treated any patients with 
tumors near the common bile duct or a major bile duct? We have 
been afraid to apply cryotherapy to these lesions because we are 
afraid of bile duct injuries. Have you had such complications or 
what are your experiences? 

NICHOLAS J. PETRELLI, MD, Buffalo, NY: We have been using 
the cryosurgery for recurrent rectal carcinoma, specifically large, 
bulky perineal pelvic recurrences that are unresectable in pa- 
tients who have gone the gamut of radiation therapy. We have 
been impressed with improving the quality of life in these 
patients. Unless I misunderstood, you mentioned that your next 
step would be the cryosurgery combined with intra-arterial che- 
motherapy to the liver. But, in looking at your data, 15 out of the 
20 or so cases occurred extrahepatically, at least alone or with 
liver mets. Since the intra-arterial data show that those patients’ 
E mets also progressed outside the liver, why not make your next 
study systemic chemotherapy? 

JOHN A. RIDGE, MD, PHD, San Francisco, Calif: Others have 
shown that the extent of liver involvement is the most important 
prognostic factor for unresectable hepatic tumors. Can you 
comment on the percent of liver involved and the influence of 
such stratification on survival? 

MICHAEL T. LOTZE, MD, Pittsburgh, Pa: We have talked a lot 
about doing cryosurgery at Pittsburgh, and we are hopeful that 
some patients who we cannot resect might be amenable for this 
therapy. Can you apply this for other types of organs not capa- 
ble of regenerating? What comes to mind are people with mul- 
tiple tumors within the kidneys, say in a setting of von Hippel- 
Lindau, where it would seem to be an ideal application, perhaps 
potentially for patients with multiple pulmonary mets. Have you 
applied it in settings other than the liver? I am thinking of cen- 
tral lesions, for which you would require a lobectomy or pneu- 
monectomy, in which you would be allowed to do a parenchy- 
mal sparing procedure. I am just curious whether you could just 
insert the probe through the lung parenchyma and not have 
problems. 

DAVID C. HOHN, MD, Houston, Tex: One of the comments 
you made was that this might be useful for the otherwise 
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surgically unapproachable lesion, probably by virtue of prox- 
imity to vascular structures, etc. My understanding is that 
one of the limitations of the freeze is it is hard to get cell kill 
near vascular structures because of the heat-sink phenome- 
non. Is that still the case? In the presentation today, there 
were patients who might have had close proximity to vessels 
excluded? Are they included in your data? Does that still 
remain a technical limitation? 

DR RAVIKUMAR: We haven’t had any complications with bile 
duct damage in our experience. I don’t think the smaller bile 
ducts matter. In one of the other reports I think there were some 
patients with bile leaks following cryosurgery, one of them re- 
quiring reoperation with debulking. We have not seen this in our 
experience. Perhaps we have shied away from treating tumors 
that are near the confluence of the major bile ducts. In my talk 
I prefaced my statement by saying that we don’t have any effec- 
tive systemic therapy available for tumors of liver; we may test 
the drugs shown to be effective in an adjuvant setting in Dukes’ 
C colon cancer. But, with the limited number of patients that 
could be accrued in a study (unless it becomes multi- 


institutional), we would be hard-pressed to complete such a 
study weth statistical power. 

In the iterature, there are reports of application of cryosurgery 
for rectel carcinoma, sacrococcygeal teratoma, prostate, and 
other malignancies. However, I am not sure about lung. Stapling 
devices have made lung resections easier; cryosurgery may be an 
overkill. Except for some studies in dogs for the lung, I do not 
know of any human data to suggest that there is any experience 
in the lung tumors. Dr Andrew Gage is here, who had been a 
pioneer. Perhaps he may comment on any experience in human 
trials for ung cancer. The number of metastases is between 1 and 
3, and the size of the metastases varied from 1 to 8 cm in our 
study. We did not calculate the percent of liver involvement as 
a function of success vs failure. 

The orly way we can get around vascular injury is with inflow 
occlusion, but then you are risking the chance of necrosing the 
vessel wall if you do inflow occlusion. If you do not have 1-cm 
margin ar so between a major vessel and the tumor, you are g0- 
ing to have a marginal miss close to the peripheral part of 
cryoablazion. This still remains a technical limitation. 


CORRECTION 


Incomplete Column Head 


In the article entitled “Trauma in Pregnancy: Predicting Pregnancy Out- 


come,” 


published in the September 1991 issue of the ARCHIVES 


(1991;126:1079-1086), an incomplete column heed appeared in Table 1. The 
second column head from the left should read, “Mean (Range) Age, y.” 
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Human Lymphokine-Activated Killer Cell Activity 
Role of IL-2, IL-4, and IL-7 


Hans Stétter, MD, Michael T. Lotze, MD 


@ The T-cell growth factors interleukin 2 (IL-2) and inter- 
leukin 7 (IL-7) induce lymphekine-activated killer (LAK) cell 
activity in short-term cultures of human peripheral blood 
mononuclear cells. Interleukin 4 (IL-4), another T-cell 
growth factor, induces LAK cell activity in IL-2- 
prestimulated lymphocytes only and inhibits LAK cell gen- 
eration in normal peripheral blood mononuclear cells. Our 
studies of the processes involved using 21-mer phospho- 
rothioate antisense oligonucleotides to the sequence adja- 
cent to the start codon of IL-2 mRNA or IL-4 mRNA (effec- 
tive concentration, 5 to 10 pmol/L) and cyclosporine (0.01 
to 1.0 g/mL) or FK506 (0.01 to 1.0 ng/mL) demonstrate that 
IL-7—induced LAK cell activity is independent of IL-2 
production and is regulated by endogenously generated 
IL-4. Like IL-2, IL-7 stimulated production of tumor necro- 
sis factor alpha, but we failed to detect interferon gamma 
in IL-7—stimulated cultures. The implication of this regula- 
tory feedback in IL-7—induced LAK cell generation for clin- 
ical applications is discussed. 
(Arch Surg. 1991;126:1525-1530) 


T he availability of recombinant lymphokines, including 

the cloning and expression of the T-cell growth fac- 
tor interleukin 2 (IL-2),! opened the field for studying and 
augmenting immune respenses against tumor antigens. 
Interleukin 2 has been studied extensively in murine tu- 
mor model systems* and has been successfully used in 
clinical trials.*° Recently, interleukin 4 (IL-4) and inter- 
leukin 7 (IL-7) have been described as two other pluripo- 
tent cytokines that augment T-cell growth. Interleukin 4, 
first described as B-cell stimulating factor, augments mu- 
rine cytotoxic effector cell function®® and enhances 
growth of human tumor-infiltrating lymphocytes.’ A 
phase I clinical trial of treatment of advanced cancer with 
IL-4 alone and in combination with IL-2 has been com- 
pleted (M.T.L., S. L. Topalion, MD, J. C. Yang, MD, and 
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S. A. Rosenberg, MD, PhD, unpublished results, 1991). 
Interleukin 7 has been cloned from bone marrow stromal 
cells” and described as a growth factor for early B-cell 
precursors (lymphopoietin 1) and immature thymo- 
cytes." Recently, evidence has been presented that it also 
promotes the growth of mature T cells in mice!“ and in 
man. 15-18 

Lymphokine-activated killer (LAK) cell activity has 
been described in IL-2-stimulated cultures!” and is 
characterized by its broad cytolytic activity against tumor 
targets and cultured cell lines. This activity in short-term 
cultures of human peripheral blood mononuclear cells 
(PBMCs) is predominantly a function of activated natural 
killer (NK) cells" and is regulated by human IL-4%26 and 
transforming growth factor beta.” We and others? have 
recently demonstrated that IL-7 induces LAK cell activity 
in human PBMCs, dependent on the presence of NK 
cells.” This activity is in many aspects similar to IL-2- 
induced LAK cell activity. It is inhibited by IL-4 and 
transforming growth factor beta and greatly augmented 
by polyclonal rabbit antisera to IL-4.” In mice, IL-7 also 
induces cytolytic activity in thymocytes” and in splenic T 
cells.’ 

We have previously demonstrated that IL-7-induced 
LAK cell activity is not inhibited by polyclonal rabbit 
anti-IL-2 antisera.” However, a possible role for endog- 
enously produced cytokines could not be ruled out on the 
basis of this finding alone. To further elucidate the 
potential role of endogenously produced cytokines for 
IL-7-stimulated LAK cell activity we used antisense 
oligodeoxyribonucleotides and the immunosuppressive 
agents cyclosporine and FK506. We found that induction 
of LAK cell activity by IL-7 was not affected by these 
treatments and is therefore independent of endogenous 
IL-2 production. Our results also suggest a potential au- 
tocrine feedback mechanism whereby IL-4 regulates IL- 
7-induced LAK cell generation. 


MATERIALS AND METHODS 
Cell Cultures 


Peripheral blood mononuclear cells were prepared from buffy 
coats of healthy adults by Ficoll-Hypaque separation (LSM me- 
dium, Organon Tecnika Co, Durham, NC) and cultured as pre- 
viously described® in RPMI 1640 (Biofluids, Rockville, Md) with 
penicillin, 100 U/mL, streptomycin, 100 „g/mL, and L-glutamine 
(National Institutes of Health media unit) plus 10% heat- 
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= Table 1.—IL-2, IL-4, and IL-7 Can Induce 
zr | LAK Cell Activity* 






LAK Cell Activity, LUsot 


————— 


Experiment 1 Experiment 2. Experiment 3 
Untreated 












Cytokine 















<1 
54.1 
<1 
7.4 


IL-2—Pretreated 
20.1 
400.5 
70.9 
131.6 


*Peripheral blood mononuclear cells were stimulated for 3 days 
with interleukin 2 (IL-2), IL-4, or IL-7 (1000 U/mL each) and tested 
for cytolytic activity against Daudi. Cells were from buffy coats of 
normal donors (untreated, 106 cells per milliliter) or peripheral 
blood mononuclear cells of patients treated twice, daily with IL-2, 
100000 U/kg per day, 2 to 3 days earlier (IL-2-pretreated patients, 
5x10° cells per milliliter). LAK indicates lymphokine-activated 
killer. 

+LUs9 indicates lytic units (10° cells divided by the number of ef- 
fectors required to lyse 510? targets). 





xe 00 IL-7 £ IL-7+ Anti-IL-4 
` 50 : 

S 40 a 

7 30 Lai 

= 20 = 

A 10 = 

w0 A 





0 0.3 1.2 5 20 0 0.3 12 5 20 
Effector-Target Ratio Effector-Target Ratio 


Inhibitor 
—O— Cyclosporine, 1.0 ug 










ə 60F —O- Cyclosporine, 0.1 ug MLC 100 <9 
o 50 —O- Cyclosporine, 0.01 ug rd 
a ~ 80 
ama —&- FK506, 1.0 2 
$ 407 Z FK506, 0.1 ug S 60 
= 30F —> FK506, 0.01 pg cal 
= 20 u 40 
ne —@® None = 
Y 10 J 20 
wn O æ 0 


20 0 03 -192 5 20 
Effector-Target Ratio 


0 0.3 LZ 5 

Effector-Target Ratio 
Parallel cultures were set up in triplicate with interleukin 7 (IL-7, top 
left), IL-7 plus anti-IL-4 antiserum (top right), 5x 10° allogeneic 
Epstein-Barr virus transformed stimulators (mixed lymphocyte cul- 
ture [MLC], irradiated with 100 Gy, bottom left), or interleukin 2 
(IL-2, 1000 U/mL, bottom right). Cytotoxic activity was determined 
on day 5 against Daudi as target cells. Representative results of one 
of five separate experiments are shown. 


inactivated AB serum (Pel-Freez Biologicals, Rogers, Ark). 


Biologic Reagents 

The reagents added to the cultures were IL-7, with a biolog- 
ical activity of 10000 U per microgram of protein; IL-4, with a bi- 
ological activity of 16000 U per microgram of protein; and IL-2, 
with a biological activity of 36000 U per microgram of protein 
(equivalent to 18 000 IU/ug; Cetus Corp, Emeryville, Calif). The 
generation and characterization of rabbit anti-human IL-4 an- 
tiserum have been described previously.” The antiserum was 
added where indicated at a 1:100 dilution. Stock solutions were 
kept at 4°C and diluted shortly before use. Antisense oligonu- 
cleotides were prepared as described previously.® In short, oli- 
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godeoxyribonucleoside phosphorothioates were synthesized ac- 
cording to the standard phosphoramidite approach on a 380B 
DNA synthesizer (Applied Biosystems, Foster City, Calif) using 
a 0.05-mmol/L solution of 3H-1,2-benzodithiole-3-1 1,1-dioxide 
in acetonitril as the sulfurizing agent. The following phospho- 
rothioate oligomers were constructed: 5’-GGT GAG ACC CAT 
TAA GTG (antisense IL-4 mRNA) and 5‘-CAG GAG TTG CAT 
CCT GTA CAT (antisense IL-2 mRNA). The antisense oligode- 
oxyribonucleotides were purified by reverse-phase high- 
performance liquid chromatography prior to use. They were 
added at the start of culture in the stated concentrations and 
were present throughout the culture period. 


Cytotoxicity Assay 

Cytotoxic activity was tested in a 4-hour chromium 51 release 
assay against Daudi, a NK cell-resistant Burkitt lymphoma cell 
line. The targets were labeled with 3.7 x 10° Bq of [°'Cr]sodium 
for 1 hour at 37°C and washed extensively. The labeled targets 
were then added to U-bottom microtiter plates containing pre- 
diluted effector cells (triplicates of fourfold dilutions) at a final 
concentration of 5 x 10° cells per well. The percentage of specific 
lysis was calculated using the following formula: 


(experimental release — spontaneous release) , 100 


% lysis = 
(maximal release — spontaneous release) 


For determination of lytic units (LUs9), the dilution correlating 
with 30% lysis was graphically extrapolated, and the LU» value 
was calculated as follows: LU3 = (10° cells)/(No. of effectors re- 
quired to lyse 5 x 10° targets). 


Cytokine Secretion 


Cytokine secretion after stimulation with IL-2 or IL-7 was 
studied im culture supernatants with commercially available 
enzyme-linked immunosorbent assay kits: tumor necrosis factor 
alpha (Quantikine R&D Systems, Minneapolis, Minn), inter- 
feron gamma (Amgen Biologicals, Thousand Oaks, Calif), and 
granulocyte macrophage-colony-stimulating factor (Genzyme 
Corporation, Cambridge, Mass). 


Statistical Analysis 
Cytokine concentrations were evaluated by regression analy- 


sis. Means and SEMs were calculated, and two-tailed standard 
t tests were performed where indicated. 


RESULTS 
IL-2 and IL-7 Induce LAK Cell Activity 
in Normal PBMCs 


Both IL-2 and IL-7, but not IL-4, induce LAK cell activ- 
ity in normal PBMCs. It has been previously reported that 
human IL-4 inhibits LAK cell generation by both cyto- 
kines.” In contrast, IL-4 stimulates LAK cell generation in 
preactiveted lymphocytes” and in lymphocytes derived 
from IL-2-pretreated patients (Table 1). Thus, all three 
growth factors have the potential to generate nonspecific 
cytolytic activity in PBMCs, but different regulatory 
events seem to be involved. The following experiments 
were undertaken to further study the role of these cyto- 
kines in the development of LAK cell activity. 


Blocking of Endogenous Cytokine Production 
With Cyclosporine or FK506 


The potent immunosuppressants cyclosporine™ and 
FK506, known to inhibit endogenous cytokine produc- 
tion, were used to clarify the role of endogenously 
produced cytokines in IL-7—induced LAK cell activity. The 
mechanism of action of both these agents involves bind- 
ing to distinct cis-trans-peptidyl-prolyl-isomerases.* 
FK506 is about 1000-fold more powerful than cyclosporine 
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Prime cpa OS 


„n: =i mee 


Stimulus Antagonist Dose, pmol/L 


None 
None 
Antisense L-2 


Antisense L-4 


None 
Antisense L-2 


Antisense L-4 


None 
Antisense L-2 


Antisense L-4 


Specific Lysis, %, by 
Effector-Target Ratio 


1.2 





“Peripheral blood mononuclear cells were cultured at 106 cells per milliliter with interleukin 7 (IL-7), 1000 U/mL; IL-2, 1000 U/mL; or 5 x 105 
Epstein-Barr virus transformed a logeneic stimulator cells (irradiated with 100 Gy) with or without antisense oligonucleotides. Cytotoxicity 
was tested at day 5 against Dauci. Results from one representative experiment of a series of four are shown. LAK indicates lymphokine- 


activated killer; MLC, m xed lymphocyte culture. 


tLU39 indicates lytic units (10° cells divided by the number of effectors required to lyse 5x10? target cells). 
+P<.05 by two-tailed standarc t test compared with untreated control cultures. 
§P<.02 by two-tailed standarc t test compared with untreated control cultures. 


on a weight basis in inhibiting lymphocyte reactivity. 

Both inhibitors were added in different amounts at the 
start of cultures: cydosporine, 1.0 to 0.01 pg/mL, and 
FK506, 1 to 0.01 ng/mL. All concentrations of both cyclo- 
sporine and FK506 were effective in blocking cytotoxicity 
generated by mixed lymphocyte culture (Figure), sug- 
gesting that these agents were effective in inhibiting en- 
dogenous IL-2 production. None of the control cultures 
stimulated with exogenous IL-2 were inhibited, ruling out 
nonspecific toxicity. Neither cyclosporine nor FK506 ab- 
rogated IL-7-induced LAK cell activity, indicating that 
this activity is independent of endogenous cytokine pro- 
duction. In addition, the cytolytic activity in the group 
treated with anti—IL-4 antiserum was greater than in the 
group treated with IL-7 alone. Here, the addition of FK506 
augmented cytolytic activity to levels seen with the addi- 
tion of anti-IL-4 antiserum. These results demonstrate 
that IL-7 induces cytolytic activity despite the presence of 
the potent inhibitors of IL-2 synthesis, cyclosporine and 
FK506. Moreover, the findings that anti-IL-4 antiserum 
and, to a similar degree, FK506 augment IL-7-induced 
LAK cell activity suggest that IL-7-induced LAK cell ac- 
tivity is regulated by an autocrine inhibitor, which most 
likely is IL-4. 


Arch Surg—Vol 126, December 1991 


Blocking Cytokine Production at the Translational Level 
With Antisense Oligonucleotides 

Antisense oligonucleotides” have been used to study 
growth factor and cytokine production® and are poten- 
tially useful as antiviral agents.” Since oligonucleotides 
are rapidly degraded by phophodiesterases in the sera, an 
important step was the introduction of chemical modifi- 
cations, such as the production of phosphorothioate an- 
alogues, that make them relatively longer-lived. These 
reagents are actively taken up by the cells through 
receptor-mediated endocytosis.“ The 21-mer antisense 
oligonucleotide phosphorothioates used were prepared 
around the start codon for IL-2 or IL-4 mRNA. They were 
added to the cultures at the same time as IL-7 or IL-2 in 
experiments analogous to those outlined above with 
FK506 or cyclosporine. An IL-2-stimulated group served 
as a control to detect possible nonspecific toxic effects. 
Neither antisense IL-2 nor antisense IL-4 demonstrated 
inhibitory effects at concentrations of 5 and 10 pmol/L. At 
doses of 20 pmol/L, moderate nonspecific toxicity of these 
oligonudleotides was observed (Table 2). Both antisense 
IL-2 and, to a lesser extent, antisense IL-4 suppressed 
LAK cell activity generated by mixed lymphocyte culture 
at concentrations of 10 and 5 pmol/L. Lower concentra- 
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Table 3.—IL-2, IL-4, and IL-7 Differ in Induction 
of Cytokine Secretion in Peripheral Blood 
Mononuclear Cells* 













Granulocyte 
Macrophage— 


Tumor Necrosis Interferon Colony- 
Time, Factor Alpha, Gamma, Stimulating 
h Stimulus pg/mL U/mL Factor, pg/mL 
























24 Media 24.6 (6.8) 1.3 (0.7) 9.5 (2.4) 
IL-7 556.0 (320) 1.4 (0.7) 10.7 (2.3) 
IL-4 24.4 (9.8) EF (1.1) 10.6 (2.3) 
IL-2 1080.5 (250) 29.0 (16) 117.7 (72) 
72 Media 31.6 (16) 2.5 (0.5) 7.0 (2.3) 
IL-7 602.4 (440) 2.0 (0.6) 14.3 (2.9) 
IL-4 45.9 (11) 1.9 (0.7) 7.9 (0.6) 
IL-2 1663.7 (381) 19.8 (8.7) 79.3 (53) 
96 Media 27.3 (15) 2.6 (0.5) 7.3 (1.3) 
IL-7 609.1 (433) 3.7 (0.8) 14.1 (9.8) 
IL-4 57.9 (3.5) 4.2 (1.4) 5.3 (3.6) 
IL-2 1746.0 (110) 34.3 (19) 159.6 (95) 





*Supernatants of cultures stimulated with either interleukin 7 
(IL-7), 1000 U/mL, or IL-2, 1000 U/mL, were harvested after 24, 72, 
or 96 hours and tested for tumor necrosis factor alpha, interferon 
gamma, and granulocyte macrophage-colony-stimulating factor 
production by enzyme-linked immunosorbent assay. Values are 
mean + SD for three experiments. 


tions were ineffective (data not shown). Antisense IL-2 
had no effect in cultures treated with IL-7 or IL-7 and 
anti-IL-4 antiserum, in agreement with the results ob- 
tained with anti-IL-2 antiserum and cyclosporine. An- 
tisense IL-4 weakly but significantly augmented IL-7- 
induced LAK cell activity, confirming the notion that IL- 
7-induced LAK cell activity is subject to autocrine 
inhibition. 


IL-7—Induced Cytokine Secretion 


It has been shown previously that IL-2 induces secre- 
tion of other cytokines, such as tumor necrosis factor al- 
pha or interferon gamma, that contribute in part to the 
resulting LAK cell activity. As can be seen in Table 3, IL-7, 
in a manner similar to IL-2, induces production of signif- 
icant levels of tumor necrosis factor alpha. Only marginal 
amounts of interferon gamma and granulocyte 
macrophage-colony-stimulating factor, however, are de- 
tected in culture supernatants of IL-7- or IL-4-stimulated 
cultures. Test for cytokine production at 24, 72, and 96 
hours of culture showed increasing secretion of interferon 
gamma in IL-2-stimulated cultures only. Tumor necrosis 
factor alpha was released in both IL-2- and IL-7- 
stimulated cultures at early time points (Table 3). Absence 
of release of intereron gamma in IL-7-stimulated cultures 
was also seen at days 5 and 7 (data not shown). 


COMMENT 


A variety of cytokines share multiple functions and > 


participate in a network of stimulatory and regulatory 
mechanisms that control the nature of the immune 
response. Both human IL-2 and IL-7 induce LAK cell ac- 
tivity.” Other shared activities of these cytokines are pro- 
motion of T-cell growth and upregulation of surface 
markers, such as IL-2R and adhesion molecules.” In the 
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present study we confirm the results of our earlier stud- 
ies using polyclonal rabbit anti-IL-2 antisera. In experi- 
ments where endogenous cytokine production is blocked 
by either cyclosporine or FK506 or in which translation is 
inhibited by antisense IL-2 mRNA, IL-7-induced LAK cell 
activity appears to be independent of endogenous IL-2 
production. Cyclosporine has been used previously to 
demonstrate that IL-2-induced LAK cell activity is inde- 
pendent of endogenously produced cytokines”; we 
found FK506 much more potent and consistent in its in- 
hibitory activity for mixed lymphoctye culture. Interleu- 
kin 7-induced LAK cell activity was not inhibited by either 
cyclosporine or FK506; thus, it appears to be independent 
of any IL-2-mediated mechanism. Apparently, LAK cell 
activity can be the result of different processes that 
involve distinct receptors, such as the IL-2 receptor or the 
IL-7 receptor. Interestingly, the IL-2 receptor beta chain, 
important in signal delivery in response to IL-2, belongs, 
along with the IL-7 and IL-4 receptors, to the hemopoietin 
receptor superfamily.” All three receptors share signifi- 
cant structural homologic characteristics. We have dem- 
onstrated previously that IL-7~induced LAK cell activity 
is a function of NK cells. It remains to be shown whether 
NK cells have IL-7 receptors, which have been reported 
in murine studies on pre-B cells and macrophages and, at 
low levels, in murine studies on mature T cells, being ab- 
sent in mature B cells.” 

In contrast to the findings in murine studies, human 
IL-4 inhibits IL-2-induced LAK cell activity when added 
concurrently with IL-2.” This regulatory function of IL-4 
apparently is even more prominent for IL-7-stimulated 
LAK cell activity. By three different approaches, (1) with 
polyclonal rabbit anti-IL-4 antibodies, (2) with the immu- 
nosuppressive agent FK506, and (3) with antisense IL-4 
mRNA oligonucleotides, it has been shown that IL-7- 
induced LAK cell activity can be enhanced. These results 
indicate that endogenously produced IL-4 regulates IL-7- 
induced LAK cell activity. It remains unclear which cell is 
producing IL-4. That FK506 was more effective than 
cyclosporine in overcoming this regulatory effect points to 
different intracellular functions or a different target spec- 
trum. Inefficiency of cyclosporine in suppressing IL-4 
production has previously been reported.*°° 

The mechanisms involved in suppression of human 
IL-2-incuced LAK cell activity by IL-4 are unknown. In- 
terleukin 4 has been found to act in a regulatory manner 
only in unstimulated cells. In mitogen-activated cells” or 
PBMCs derived from IL-2-treated patients, IL-4 can aug- 
ment IL-2-induced LAK cell gené¢ration. In vivo IL-4 
treatment results in a capillary leak syndrome similar to 
that induced by IL-2 treatment (M.T.L., S. L. Topalion, 
MD, J. C. Yang, MD, and S. A. Rosenberg, MD, PhD, 
unpublished results, 1991). Interestingly, interferon 
gamma overcomes the regulatory effects of IL-4% in IL-2- 
induced LAK cell activity. Interferon gamma has also 
been reported to be produced in response to IL-2 in hu- 
man PEMCs,>!? although with a high degree of donor 
variation. In mice, IL-4 inhibits production of interferon 
gamma by T cells.” In the present report we have shown 
that both human IL-2 and IL-7 induce production of tumor 
necrosis factor alpha, but only IL-2 induces production of 
interferon gamma in human PBMCs. Since interferon 
gamma reverses the regulatory effects of IL-4, this finding 
has implications for the control of LAK cell activity by IL-4 
in IL-7-stimulated cultures. 
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In murine-activated lymphocytes, IL-7 induces produc- 
tion of IL-2 and IL-4.” Direct evidence for induction of IL-2 
or IL-4 production by IL-7 in unstimulated human lym- 
phocytes is lacking. However, the enhancement of LAK 
cell activity by IL-4 antisense mRNA oligonucleotides, the 
immunosuppressive drug FK506, and anti-IL-4 antibod- 
ies suggests induction of IL-4 production by human IL-7 
in resting PBMCs. It is possible that the regulatory influ- 
ence of IL-4 on LAK cell activity persists longer in IL-7- 
stimulated cultures because it is not counterregulated by 
interferon gamma, as in IL-2-stimulated cultures. The 
regulatory processes involved in IL-7-induced LAK cell 
activity are still undefined and await further study. 

We have demonstrated that IL-7 can induce antitu- 
mor activity in human lymphocytes in vitro by mecha- 
nisms independert of IL-2 production. If IL-7 is also 
active in augmenting in vivo responses against tumors, 
this cytokine may have premise as a therapeutic agent 
either alone or in conjunction with IL-2 or other cyto- 
kines. The recent demonstration that IL-7 augments 
immune reconstitution in animals treated with high 
doses of cyclophosphamide* suggests other possible in 
vivo applications. 


The IL-4 and IL-7 were provided by Immunex, Seattle, Wash. The 
cyclosporine and FK506 were a gift from Adriana Zeevi, PhD, 
Department of Pathology, University of Pittsburgh, Pa. The an- 
tisense oligonucleotides were a gift from Serge L. Beaucage, PhD, 
Division of Biochemistry and Biophysics, Center for Biologics Eval- 
uation and Research, Bethesda, Md. 

We thank Judith B. Regan for excellent technical assistance. 
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Discussion 


BENJAMIN KIM, MD, Salt Lake City, Utah: You have shown us 
nonspecific proliferation and activation by IL-7 of lymphoid 
killer cell activity. What is the effect of IL-7 on the generation of 
specific cytotoxicity either against alloantigens or tumor? What 
studies have you done on the in vivo effect of IL-7? 

JAMES H. MUCHMORE, New Orleans, La: What is the effect of 
IL-7 on the suppressor T-cell system? The use of immunother- 
apy is mest appropriate for melanoma. For a melanoma to really 
grow and progress in a patient, the tumor probably activates the 
suppressor T-cell system. The big problem with IL-2 is that this 
also activates the suppressor T-cell system. 

DR LOTZE: First of all, IL-7 does enhance the growth of 
allospecific cells both in murine models as well as in humans in 
vitro. Se it appears that one can enhance that specific alloreac- 
tivity in addition to the nonspecific LAK-like activity that we 
showed. Howard Edington has begun preclinical studies in mu- 
rine models with IL-7 at the University of Pittsburgh, but he has 
not completed those studies yet. A similar study is being 
conducted by Steve Rosenberg and his group at the National In- 
stitutes of Health; they have come to the conclusion that IL-7 by 
itself at the doses available to them does not mediate significant 
antitumor activity. They are now evaluating the role of IL-7 for 
its ability to grow tumor-infiltrating lymphocytes both in vitro as 
well as in vivo. I suspect that IL-7 will have its major role, not 
singly but in combination, with perhaps some of these other 
T-cell growth factors. 

What is the potential role of specific or nonspecific immune 
suppressors? You should know that my own particular bias, 
based largely on murine models, is that we have vanishingly 
small information that suppressors indeed exist or play a role. In 
fact, it is made more difficult by knowing what one can measure 
in any system of immunosuppression. Although one could the- 
oretically raise an argument that IL-7 may induce suppressors, 
we found no evidence that IL-2 does in any of our preclinical 
modelsin the mouse. I would suspect that IL-7 does not, but you 
raise an important issue, which is that IL-7 may cause the growth 
of cells which have no effect on the tumor equally well as those 
which were specifically active against the tumor. 
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High-Dose Preoperative Radiation and Radical 
Sphincter-Preserving Surgery for Rectal Cancer 


Gerald Marks, MD; Mohammed Mohiuddin, MD; Arieh Eitan, MD; Luigi Masoni, MD; Jan Rakinic, MD 


© To reduce local recurrence associated with rectal cancer 
and to extend the scope of anal sphincter preservation, a 
selective program of high-dose preoperative radiation ther- 
apy and sphincter-preserving surgery was initiated in 1976. 
High-energy photon therapy (40 to 60 Gy) was administered 
in doses of 1.8 to 2.5 Gy during a period of 41/2 to 6 weeks 
and followed in 4 to 6 weeks with curative sphincter- 
preserving surgery for clinicopathologically unfavorable 
and low rectal cancers. None of the 143 patients in the study 
died during the postoperative period. Fifteen (13%) of 117 
patients followed up for at least 24 months experienced lo- 
cal recurrence. Acceptable sphincter function was retained 
in 130 patients (91%). Our program of high-dose preoper- 
ative radiation therapy and sphincter-preserving surgery for 
the treatment of high-risk cancers, including those in the 
distal third of the rectum, resulted in better-than-expected 
survival and control of local recurrence with acceptable 
morbidity and no mortality. 
(Arch Surg. 1991;126:1534-1540) 


ince 1976, a multidisciplinary program of high-dose 
preoperative radiation therapy and radical 
sphincter-preserving surgery has been selectively used 
for the treatment of clinicopathologically unfavorable and 
low-lying rectal cancers.'* The aims of the study were to 
determine the effect of high-dose preoperative radiation 
on (1) the integrity of the anastomosis, (2) the safety of 
radical curative surgery, (3) the control of local recurrence, 
and (4) the limits to which sphincter-preserving surgery 
could be extended. The administration of high doses of 
preoperative radiation (>40 Gy), a substantial interval 
between the completion of radiation therapy and initia- 
tion of sphincter-preserving surgery, the selectivity of the 
high-risk cancer, and creation of an anastomosis in the 
distal third of the rectum all distinguish this rectal-cancer 
treatment program from other preoperative radiation 
studies. That no patient was considered ineligible for re- 
section, regardless of the degree of tumor fixation, and 
that no surgery was labeled palliative because of residual 
pelvic disease further distinguishes this program from 
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others. One hundred fifty-nine consecutive patients were 
enrolled in the study. Sixteen (10%) were found at surgery 
to have distant metastasis and were excluded from anal- 
ysis. The remaining 143 treated patients received high- 
dose raciation therapy followed by one of three radical 
curative surgical techniques. The results from these 143 
patients are the subject of this report. 

This was designed as a nonrandomized, noncontrolled 
study because the risk of local recurrence associated with 
sphincter preservation performed in the distal rectum 
without the benefit of preoperative radiation therapy is 
considered inordinately high.‘ 


MATERIALS AND METHODS 


All patents with rectal cancer presenting in The Comprehen- 
sive Rectal Cancer Center of Thomas Jefferson University Hos- 
pital, Phiadelphia, Pa, were examined by both a surgeon and a 
radiation oncologist. Initial evaluation included physical exam- 
ination, proctosigmoidoscopy, and biopsy. Barium enema stud- 
ies were performed selectively. Chest roentgenography, intra- 
venous pyelography, and, unless contraindicated, complete 
colonoscepic assessment of the proximal colon were performed. 
Liver furction studies were performed and serum carcinoem- 
bryonic antigen levels were determined for all patients. As 
newer staging aids became available, they were incorporated in 
our assessment armamentarium, beginning with computed to- 
mography in 1978. We first used endorectal sonography for the 
staging cf rectal cancers in 1984,° followed by magnetic reso- 
nance imaging in 1987. Intraoperative ultrasonography of the 
liver has been performed routinely since 1984. 

Prospective clinical staging, level of tumor in the rectum, and 
qualitative details were determined for each patient and re- 
corded o^ a protocol form that included graphic illustrations of 
tumor size and location. 

Tumors were considered unfavorable if they exhibited deep 
ulceration,® evidence of full-thickness penetration of the anorec- 
tal wall, fixation,” obstruction,*" palpable perirectal lymph 
nodes, irdurated intramural lymphatics, or poor histologic dif- 
ferentiation®""? and if they were located at the 6-cm level or 
lower.*2"6 The level of the tumor in the rectum was determined 
by measaring from the superior margin of the anorectal ring.’ 
When th2 irradiated tumor was limited to the anorectal wall and 
the infer or margin was at or below the anorectal ring, the pec- 
tinate line was designated point zero. 

Unfaverable cancers at all levels and favorable cancers 6 cm 
or less fom the superior margin of the anorectal ring were 
treated with high-energy photon therapy. Radiation (45 to 60 
Gy) was administered before surgery in doses of 1.8 to 2.5 Gy 
during a period of 4% to 6 weeks using a four-field box 
technique with shaped AP/PA and lateral fields. The superior 
border was at the L5/S1 junction, and the perineum and anal 
canal were included inferiorly. Lateral borders extended 1 cm 
beyond the bony pelvis. The posterior border encompassed 
the entire sacrum, with adequate margins in the lateral fields 
to ensure the delivery of the prescribed tumor dose to the 
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presacral areas. Arteriorly, the fields included all external 
and internal iliac lymph nodes. 

Four and a half to 5 weeks ater completion of radiation ther- 
apy, and before surgery, all patients were reevaluated based on 
results of computed tomographic scanning and liver function 
studies and on carcinoembryonic antigen levels. Lesions were 
carefully reassessed to determine which sphincter-preserving 
procedure would be appropriate. Special attention was directed 
to tumors located in the distal 3 cm of the rectum, where the 
suitability of sphincter-preserving surgery was in question. The 
selection method for preservation surgery evolved to include ir- 
radiated mobile tumors as low as 5 mm superior to the pectinate 
line. When irradiated tumor 3 am or less from the anorectal ring 
remained fixed, sphincter preservation was interdicted.? 

After radiation therapy, 143 consecutive patients, including 50 
with fixed rectal cancer, underwent curative sphincter- 
preserving surgery. Sixty-one underwent combined abdomi- 
notranssacral (CATS) resection; 50, transabdominal transanal 
(TATA) resection; and 32, low anterior resection (LAR). The 
study comprised 82 men (57%) and 61 women (43%), whose 
mean age was 61.7 years (range 29 to 81 years). The distribution 
of lesions by level is shown in the tabulation below. 


Level of Lesion, cm No. (%) of Cases (N = 143) 


>6 38 (27) 
4-6 53 (37) 
0.5-3 52 (36) 


The 105 cancers located in the distal 6 cm of the rectum were 
distributed evenly above and below the 3-cm level. Thirty-one 
(62%) of 50 cancers partially or completely fixed at initial exam- 
ination were located in the distal 6 cm of the rectum. Every tu- 
mor was considered resectable regardless of the extent of persis- 
tent fixation after radiation therepy. No surgery was categorized 
as palliative, regardless of intraoperative persistent pelvic fixa- 
tion or residual pelvic tumor. 

The CATS technique Fas been described elsewhere! and was 
used exclusively during the first 8 years of the study. The TATA 
technique, designed by ane of the authors (G.M.), was first per- 
formed in July 1984. The procedure begins with an incision 
through the full thickness of the wall of the anal canal at or just 
above the pectinate line. Dissection is performed between the 
puborectalis muscle and the irternal sphincter. The external 
sphincter, puborectalis muscle, and levator ani muscles are not 
disturbed, and 1 to 2 cm of internal sphincter ani are preserved. 
We believe that it is the preservation of the external anal sphincter 
and puborectalis muscle, and preservation of at least a portion of 
the internal anal sphincter, that allow the patient to remain fecally 
continent.” Mobilization of 10 to 12 cm of distal rectum is accom- 
plished in this manner. Proctosigmoidectomy is then performed 
transabdominally, with proxima! ligation of the inferior vascular 
pedicle. The descending colon is pulled through the anal canal, 
and a cuffless, handsewn, transanal coloanal anastomosis is cre- 
ated. The TATA resection has beeome the operation of choice for 
cancers in the distal 3 cm of rectum. Low anterior resection was 
performed after high-dose radiation therapy only when it was 
feasible to create either a handsewn ora stapled anastomosis. In 
all cases, nonirradiated descending colon or more proximal colon 
was brought to the level of the levator ani muscles following rou- 
tine mobilization of the splenic flexure and transverse colon. If 
necessary, derotation of the right colon with hepatic flexure col- 
oproctostomy was performed or a coloanal anastomosis was cre- 
ated to obtain adequate bewel length. Temporary fecal diversion 
was established in all but one patient. 

Digital examination was withheld until the fifth postoperative 
week, at which time the integrity of the anastomosis was 
assessed with endoscopy and a water-soluble roentgenographic 
contrast study through the distal stoma. Stomas were closed 8 
weeks after surgery. All patients were evaluated by the surgeon 
and the radiation oncologist at 3- to 4-month intervals after sur- 
gery. Patients were questioned about their progress, and phys- 
ical examination was performed. Digital examination, with par- 
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ticular attention to extrarectal masses, and sigmoidoscopic 
examination were performed at each follow-up visit. Carcino- 
embryonic antigen levels were also determined. Computed to- 
mography of the abdomen and pelvis was performed, and, 
when local recurrence was suspected, endorectal ultrasonogra- 
phy was conducted. Endoscopic or guided-needle biopsy of all 
intramural or extramural masses was also performed. Colonos- 
copy was performed at prescribed “surveillance” intervals. Anal 
continence was evaluated according to Parks’ criteria, by which 
difficulty in controlling flatus or acute attacks of diarrhea is con- 
sidered within the range of acceptable function.'® No patient was 
unavailable for follow-up observation. 


RESULTS 


The median follow-up was 50 months (range, 12 to 128 
months). One hundred seventeen patients (82%) were 
observed for 24 months or longer. 


Complications 


There was no operative mortality or significant periop- 
erative radiation-related morbidity among the 143 pa- 
tients. Radiation therapy was interrupted briefly in 18 
patients (13%) because of either diarrhea or dermatitis. 
The only significant radiation-related injury was a late- 
occurring postsacral ulceration in a thin, elderly, diabetic 
woman, whose cancer was at the 3-cm level. 

Perioperative and delayed complications in 35 patients 
(24%) are listed in Table 1. 

Intraoperative problems included a thickened, fore- 
shortened mesentery associated with high-density uni- 
versal diverticular disease that required total colectomy 
and ileoanal anastomosis (one patient). There was also 
one instance of intraoperative presacral hemorrhage that 
was controlled with customary measures. Neither prob- 
lem was linked to preoperative radiation therapy. Mild 
rectal and perirectal edema of varying degrees was 
frequently noted. This was not troublesome, but at times 
such edema militated against the use of a stapling device. 
All five pelvic abscesses responded to drainage. Major 
anastomotic failure occurred in three patients, two of 
whom underwent second surgeries for anastomotic re- 
pair. The anastomotic disruption in an 80-year-old man 
with abdominal aneurysm was not repaired. One case of 
nonfatal pulmonary embolism occurred. Only one of the 
two significant strictures responded to dilatation. A sec- 
ond surgery was not attempted in the other because of 
metastatic disease. Four patients developed adhesive 
small-bowel obstruction, and all responded to long-tube 
decompression. Three rectovaginal fistulas resulted from 
trauma sustained between 12 and 18 months postopera- 
tively. Two fistulas resulted from rigid sigmoidoscopy, 
and one froma fecal impaction. Two of the fistulas healed, 
one only after creation of a temporary stoma. Late fecal 
diversion was required in 10 patients: five because of lo- 
cal recurrence, two because of anastomotic problems, and 
three because of subsequent major enterectomy and diar- 
rhea. One of these 10 patients later underwent anasto- 
motic repair. Incontinence was experienced by two pa- 
tients. One patient later achieved an acceptable level of 
function after postanal plication. A long-standing obstet- 
rical disruption of the external sphincter in the other was 
repaired, with only temporary relief. 

Overall, 130 (91%) of the 143 patients maintained accept- 
able anorectal function. Results of manometric assessment 
of the quality of continence in a randomly selected small 
group (in which all three sphincter-preserving surgical 
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Table 1.—Perioperative and Delayed Morbidity* 


CATS Resection (n=61) 





Cause of Morbidity 


Technical complications of surgery 0 
Presacral hemorrhage 0 
Sacral wound infection 5 
Pelvic infections 2 


Anastomotic complications 
Disruptions 
Leaks 
Strictures 


2 
6 
2 
Pulmonary embolism 0 
Deep-vein thrombosis 0 

2 


Adhesive small-bowel obstruction 
Total 19 


Total (N= 143) 


TATA Resection (n=50) LAR (n=32) 
1 0 1 
0 1 1 
0 0 5 
3 0 5 
0 1 3 
3 2 11 
1 0 3 
1 0 1 
1 0 1 
2 0 4 
12 4 35 


*CATS indicates combined abdominotranssacral; TATA, transabdominal transanal; and LAR, low anterior resection. Data are numbers 


of cases. 


procedures were represented) revealed that the highest 
degree of anal sphincter function was retained by those 
who had undergone LAR or CATS resection. 


Staging After Radiation Therapy 


Astler-Coller stages of cancers after radiation therapy in 
our patients are noted in Table 2. 

Cancer completely disappeared with radiation alone in 12 
patients. After radiation therapy, two thirds of all patients 
had stage B2, C1, or C2 tumors that were unfavorable. 

The distribution level of unfavorable tumors is shown 
in the tabulation below. 


No. (%) of Unfavorable 


Level of Lesion, cm Tumors (n= 96) 


>6 (n=38) 32 (84) 
4-6 (n=53) 39 (74) 
0.5-3 (n=52) 25 (48) 


The application of our selection criteria resulted in more 
unfavorable lesions being treated above the 6-cm level 
than at or below the 3-cm level. 


Local Recurrence 


Local recurrence by postradiation cancer stage in 117 
patients followed up for 24 months or longer is shown in 
Table 3. 

Local recurrence was observed in 15 (13%) of the 117 
patients. No recurrence developed among patients with 
pathologically favorable disease (stage 0, A, or B1) after 
radiation therapy. There was a predictably high incidence 
of local recurrence among patients with C2 cancers (eight 
[30%] of 27 patients). Eight (53%) of the 15 recurrences 
were limited to the pelvis; seven (47%) involved distant 
metastasis. Among 39 patients who presented with 
lymph node involvement, recurrences developed in 10 
(26%). Recurrence developed in only one (3%) of 31 pa- 
tients who had tumors above the 6-cm level and who were 
followed up for 24 months or longer. Among patients 
with tumors at or below the 6-cm level, 14 (12%) devel- 
oped recurrences. Recurrence developed in eight (15%) of 
53 patients with tumors between the 4- and 6-cm levels 
and in six (12%) of 52 patients with tumors below the 3-cm 
level. Local recurrence developed in nine patients (15%) 
who underwent CATS resection; in five patients (10%) 
who underwent TATA resection; and in one patient who 
underwent LAR. Of the 15 local recurrences, nine (22%) 
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es of Cancerous Lesions After 
diation Therapy (N = 143) 


No. (%) of Cases 


Table 2.— 
High-Dose 












Fevorable 










0 12 (8.4) 
A 5 (3.5) 
B1 30 (21) 
Total 47 (32.9) 
Unfavorable 
B2 50 (35) 
C1 16 (11) 
Ci 30 (21) 


96 (67) 












Table 3.—Local Recurrence of Cancer After l 
High-Dose Radiation Therapy in Patients Followed Up 
for 24 Months or Longer (n= 117) 


No./Total (%) of Cases 













Favorable 0/35 
Unfavorable 
B2 5/43 (12) 
C1 2/12 (17) 
C3 8/27 (30) 
Total 15/82 (18) 





were observed in patients with fixed cancers, and six (8%) 
in patients with mobile cancers. 


Survival 


Twenty-four (17%) of the 143 patients died. Seventeen 
had evidence of disease at death, and seven did not. Us- 
ing the Kaplan-Meier actuarial estimate method, survival 
at 5 years for all 143 patients was 80% (Fig 1). The 
projected survival for all patients with favorable lesions 
(stage0, A, or B1) was 100% at 5 years, and, for the 96 pa- 
tients with unfavorable lesions after treatment (stage B2, 
C1, or C2), 71% at 5 years. Projected survival at 5 years 
was 72% for the 50 patients with stage B2 cancer, 74% for 
the 16 patients with stage C1 cancer, and 69% for the 30 
patients with stage C2 cancer (Fig 2). There were no sta- 
tistically significant differences in survival between the 39 
patients (27%) with primary tumors above the 6-cm level 
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Fig 1.—Five-year survival rates of patients with favorable lesions 
(dotted line), of all patients (dashed line), and of patients with un- 
favorable lesions (solid line) usmg the Kaplan-Meier actuarial esti- 
mate method (N= 143). 
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Fig 2.—Five-year surviva! rates af patients with B2 (dotted line), C1 
(dashed line), and C2 disease (dashed and dotted line) and of all 
three patient groups combined (solid line) using the Kaplan-Meier 
actuarial estimate method (N= 143). Astler-Coller classifications 
were used for staging. 


and the 104 patients (73%) with tumors at or below the 
6-cm level. 


COMMENT 


Reported survival rates for patients with rectal cancer 
treated with curative radical surgery remain between 45% 
and 65%. "°° Rates of local recurrence following curative 
radical surgery range from 25% to 55% when the disease 
extends beyond the rectum (stage B2) or when there is 
lymph node involvement (stage C).#8!!121416.27,3032 Be. 
cause surgery alone has failed to improve survival or re- 
duce recurrence rates in patients with rectal cancer, adju- 
vant chemotherapy and radiation therapy, either alone or 
in combination, have beer used in many treatment reg- 
imens. Low-dose radiation programs (20 Gy or less), 
which began in the 1950s, have been proven 
ineffective.” Higher doses of radiation have had a mea- 
surable impact on local recurrence,” but most random- 
ized studies employing such doses have not verified im- 
proved survival.“ High-dose postoperative radiation 
therapy with chemetherapy was demonstrated to be su- 
perior to surgery alone, chemotherapy alone, or adjuvant 
radiotherapy alone im a study by the Gastrointestinal Tu- 
mor Study Group.“ More recently, the North Central 
Cancer Treatment Group demonstrated that high-dose 
postoperative radiation therapy (up to 54 Gy) combined 
with chemotherapy reduced both the rate of local recur- 
rence and the rate of cancer-related deaths by 34% and 
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36%, respectively, compared with high-dose postopera- 
tive radiation therapy alone.* Unfortunately, this study 
did not include a patient group in which surgery alone 
was performed. The computed 5-year survival rate in the 
combined treatment group was approximately 55%. A 
Swedish study* that compared preoperative radiation (25 
Gy administered in five doses) with high-dose postoper- 
ative radiation (60 Gy) showed that, despite the lower 
dose, preoperative radiation therapy provided better lo- 
cal control than postoperative radiation therapy and 
comparable survival. A study by the European Organiza- 
tion for Research and Treatment of Cancer compared 
high-dose preoperative radiation therapy (34.5 Gy ad- 
ministered in 15 doses) with surgery alone and reported 
a lower local recurrence rate (15% vs 30%) and a higher 
survival rate (69% vs 59%) for the group that received 
preoperative therapy. The improvement in survival al- 
most reached statistical significance (P = .08).*” Results of 
institutional randomized** and nonrandomized 
studies have suggested that high-dose preoperative radi- 
ation therapy confers a benefit for both local recurrence 
and survival. Preoperative radiation therapy can make 
previously unresectable advanced cancers suitable for 
resection. ®5?52 Theoretically, preoperative radiation 
therapy is capable of sterilizing peripheral tumor,® 
thereby diminishing the required circumferential™*’ or 
distal®® margins, which in turn permits otherwise inter- 
dicted sphincter preservation to be performed in the dis- 
tal rectum.” 

In our study, high-dose preoperative radiation therapy 
was used as an adjunct to surgical treatment of rectal cancer 
to improve local control and to extend the limits of sphincter 
preservation. Preoperative radiation therapy allowed 
greater flexibility in determining radiation doses and fields 
and in selecting surgical techniques based on tumor position 
and regression. With the evolution of our techniques and se- 
lection criteria, we were able to preserve sphincters in pa- 
tients with rectal cancers as low as 0.5 cm above the pectinate 
line. Because of the inordinately high risk of local recurrence, 
sphincter-preserving surgery performed at this level has 
been labeled inappropriate.‘ Therefore, for the sake of devel- 
oping a control group, we could not in good conscience sub- 
ject patients to such risk without the protective benefit of pre- 
operative radiation therapy. 

Long-standing concerns about radiation-related injury 
and delayed healing of the anastomosis after high-dose 
preoperative radiation therapy have not been substanti- 
ated by experimental studies”! or clinical trials.” In our 
experience, 18 (13%) of 143 patients required brief inter- 
ruption of radiation therapy because of diarrhea or 
dermatitis. No intraoperative technical difficulty resulted 
directly from radiation; rectal and perirectal edema was 
sometimes present and precluded the use of a stapling 
device. The overall morbidity and anastomotic problems 
were consistent with those expected when anastomosis is 
attempted in the distal 2 cm of rectum and anal canal of 
patients who have not undergone radiation therapy. Our 
success in creating anastomoses in the distal rectum is at- 
tributed to using only nonirradiated proximal bowel and 
to employing fecal diversion. 

The 13% overall recurrence rate in this study should 
be considered in light of the fact that 50 patients had 
fixed rectal cancer at initial examination. Many of these 
cancerous lesions would have been deemed unresect- 
able by conventional criteria.®°”*! In other studies® 
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that included fixed cancers, the recurrence rate was as 
high as 40%. The 18% local recurrence rate observed in 
82 patients with unfavorable cancers (stage B2, C1, or 
C2) after radiation therapy, who were followed up for 
24 months or longer, compares well with the 25% to 
55% recurrence rate associated with surgery alone for 
similarly advanced disease.*°111%141677° All of our pa- 
tients underwent sphincter-preserving surgery, and the 
recurrence rate for tumors at or below the 6-cm level 
was 16%; the subset of 52 patients with tumors at or 
below the 3-cm level had a 14% recurrence rate. Re- 
ported local recurrence rates for distal rectal cancers 
range from 35% to 45% even when abdominoperineal 
resection is performed.*” We believe that our 13% 
overall local recurrence rate reflects the combined effect 
of high-dose preoperative radiation therapy, a careful 
selection process, and special surgical techniques. 

It is difficult to compare data from this study with those 
of other reports, except in terms of global survival, 
because several variables discussed in this report are in- 
frequently noted in most others. Reports often fail to note 
the level of tumor in the rectum, a factor that has been 
shown to relate directly to local recurrence.*'*’° They also 
do not distinguish between abdominoperineal resection 
and sphincter-preserving procedures. Moreover, a com- 
parison of results by histopathologic stages does not take 
into consideration the significant postradiation tumor 
downstaging that was evident in our study. 

The 80% 5-year actuarial survival rate for our patient 
population appears to be better than that obtained in any 
major cooperative study using surgery alone” and better 
than the approximate 55% survival rate obtained in the 
North Central Cancer Treatment Group study of com- 
bined postoperative radiation therapy and chemother- 
apy.“ Survival rates among our patients with unfavorable 
cancers after radiation therapy (72% for those with B2 
cancers, 74% for those with C1 cancers, and 69% for those 
with C2 cancers) also appear to be better than those 
reported for national trials of adjunctive therapy.” 
The 5-year survival rate of 85% for patients with tumors 
at or below the 3-cm level who underwent sphincter- 
preserving surgery exceeds those reported by others for 
more proximal tumors.‘ We believe the improved survival 
may reflect the potential of preoperative radiation therapy 
to sterilize the perirectal and pelvic wall lymphatic ves- 
sels, thus reducing intraoperative microembolization." It 
is a matter of speculation as to whether the long interval 
between completion of radiation therapy and perfor- 
mance of surgery affected our results. 

Our study represents an entirely new experience in rec- 
tal cancer management. Contrary to standard practice, we 
were able to extend sphincter-preserving surgery to the 
distal rectum because of the beneficial effects of high-dose 
preoperative radiation therapy. The survival and local re- 
currence rates and the quality of life achieved in this group 
of patients, with a preponderance of advanced-stage and 
low-level tumors, suggest that substantial benefit is de- 
rived from this multimodality treatment of rectal cancer. 


References | 


1. Marks G, Mohiuddin M, Borenstein B. Preoperative radi- 
ation therapy and sphincter preservation by the combined ab- 
dominotranssacral technique for selected rectal cancers. Dis 
Colon Rectum. 1985;28:565-571. 

2. Marks G, Mohiuddin M, Goldstein SD. Sphincter preser- 


1538 Arch Surg—Vol 126, December 1991 


vation for cancer of the distal rectum using high dose preop- 
erative radiation. Int J Radiat Oncol Biol Phys. 1988;15:1065- 
1068. 

3. Moħiuddin M, Marks G. High dose preoperative irradia- 
tion for cancer of the rectum, 1976-1988. Int J Radiat Oncol Biol 
Phys. 1990; 20:37-43. 

4. Piligshen SJ, Heilweil M, Quan SH, Sternberg SS, Enker 
WE. Pattern of pelvic recurrence following definitive resections 
of rectal cancer. Cancer. 1984;53:1354-1362. 

5. Rifk n MD, Marks G. Transrectal US as an adjunct in the 
diagnosis and treatment of rectal and extrarectal tumors. Radi- 
ology. 1985;157:499-502. 

6. Michelassi F, Bloch GE, Vannucci L, Montag A, Chappell 
R. A5 to 21 year follow-up and analysis of 250 patients with rec- 
tal adenocarcinoma. Ann Surg. 1988;208:379-389. 

7. Habib NA, Peck MA, Sawyer CN, Blaxland JW, Luck RJ. 
Does fixi-y affect prognosis in colorectal tumours? Br J Surg. 
1983 ; 70: 423-424. 

8. Phillips RKS, Hittinger R, Blesovsky L, Fry JS, Fielding LP. 
Local recurrence following ‘curative’ surgery for large bowel 
cancer, M: the rectum and the rectosigmoid. Br J Surg. 
1984; 71: 17-20. 

9. Wolmark N, Weiand HS, Rockette HE, et al. The prognos- 
tic significance of tumor location and bowel obstruction in 
Dukes B and C colorectal cancer: findings from the NSABP 
clinical tr als. Ann Surg. 1983;198:743-750. 

10. Chapuis PH, Dent OF, Fisher R, et al. A multivariate anal- 
ysis of clinical and pathological variables in prognosis after re- 
section o large bowel cancer. Br J Surg. 1985 ;72:698-702. 

11. Gri-fin MR, Bergstralh EJ, Coffey RJ, Beart RW, Melton LJ. 
Predictors of survival after curative resection for carcinoma of 
the colon and rectum. Cancer. 1987;60:2318-2324. 

12. Adloff M, Arnaud JP, Schloegel M, Thibaud D. Factors 
influencing local recurrence after abdominoperineal resection 
for cance- of the rectum. Dis Colon Rectum. 1985;28:413-415. 

13. Morson BC, Path MC, Bussey HJR. Surgical pathology of 
rectal camcer in relation to adjuvant therapy. Br J Surg. 
1967 ;40: 151-165. 

14. Mossa AR, Ree PC, Marks JE, Levin B, Platz CE, Skinner 
DB. Facters influencing local recurrence after abdominoper- 
ineal resection for cancer of the rectum and rectosigmoid. Br 
J Surg. 1975;62:727-730. 

15. Elias D, Henry-Amar, Lasser P, Gareer W, Bognel C. Can- 
cers of the rectum: predictive factors in locoregional recur- 
rence: multifactorial study. Gastroenterol Clin Biol. 1985 ;9:776- 
781. 

16. McDermott FT, Hughes ES, Pihl E, Johnson WR, Price AB. 
Local recurrence after potentially curative resection for rectal 
cancer ina series of 1008 patients. Br J Surg. 1985;72:34-37. 

17. Lan2 RHS, Parks AG. Function of the anal sphincter fol- 
lowing colo-anal anastomosis. Br J Surg. 1977;64:596-599. 

18. Parks AG. Anorectal incontinence. Proc R Soc Med. 
1975; 68:681-690. 

19. Locxhart-Mummery HE, Ritchie JK, Hawley PR. The 
results of surgical treatment of carcinoma of the rectum at St 
Mark’s Hespital from 1948-1972. Br J Surg. 1976;63:673-677. 

20. Witaker M, Goligher JC. The prognosis after surgical 
treatment for carcinoma of the rectum. Br J Surg. 1976;63:384- 


21. Gill PG, Morris PJ. The survival of patients with colorec- 
tal cancer treated in a regional hospital. Br J Surg. 1978;65:17- 
20. 

22. McDermott FT, Hughes ES, Pihl E, Milne BJ, Price AB. 
Comparat ve results of surgical management of single carcino- 
mas of the colon and rectum: a series of 1939 patients managed 
by one surgeon. Br J Surg. 1981;68:850-855. 

23. Coken JR, Theile DE, Evans EB, Quinn RL, Davis NC. Col- 
orectal cancer at the Princess Alexandra Hospital: a prospective 
study of 729 cases. Aust N Z J Surg. 1983 ;53:113-119. 

24. Bea- HD, Mcintyre J, Burns HJ, Jarrett F, Wilson RE. Co- 
lon and rectal carcinoma in the west of Scotland. Am J Surg. 
1984; 147 :+41-446. 


Rectal Cancer— Marks et al 


25. Stower MJ, Hardcastle JD. The results of 1115 patients 
with colorectal cancer treated over an 8 year period in a single 
hospital. Eur J Surg Oncol. 1985;11:119-123. 

26. Davis NC, Evans NB, Cohen JR, Theile DE, Job DM. Col- 
orectal cancer: a large unselected Australian series. Aust N Z J 
Surg. 1987;57:153-159. 

27. Minsky BD, Miet C, Recht A, Rich TA, Chaffey JT. Resect- 
able adenocarcinoma of the rectosigmoid and rectum, |: pat- 
terns of failure and survival. Cancer. 1988;61:1408-1416. 

28. Mettlin C, Nataraan N, Mittelman A, Smart CR, Murphy 
GP. Management and survival of adenocarcinoma of the 
rectum in the Unitec States: results of a national survey by the 
American College of Surgeons. Oncology. 1989;39:265-273. 

29. Kune GA, Kune S, Field B, et al. Survival in patients with 
large bowel cancer: a population-based investigation from the 
Melbourne Colorectal Cancer Study. Dis Colon Rectum. 1990; 
33:938-946. 

30. Rich T, Gunderson LL, Lew R, Baldibini JJ, Cohen AM, 
Donaldson G. Patterns of recurrence of rectal cancer after po- 
tentially curative surgery. Cancer. 1983;52:1317-1329. 

31. Wolmark N, Fisher B. An analysis of survival and treat- 
ment failure following abdominoperineal and sphincter-saving 
resection in Dukes’ B and C rectal carcinoma. Ann Surg. 
1986 ; 204: 480-489. 

32. Lise M, Gerard A, Nitti D, et al. Adjuvant therapy for col- 
orectal cancer: the EORTC experience and review of literature. 
Dis Colon Rectum. 1987 ;30:847-854. 

33. Stearns MW, Decdish MR, Quan SH. Preoperative roent- 
gen therapy for carcinoma of the rectum. Surg Gynecol Obstet. 
1959; 109: 225-229. 

34. Stearns MW, Deddish MR, Quan SH, Leaming RH. Pre- 
operative roentgen therapy fcr cancer of the rectum and rec- 
tosigmoid. Surg Gynecol Obs*et. 1974; 138:584-586. 

35. Higgins GA, Conn SH, Jordan PH, Humprey EW, Roswit 
B, Keehn RJ. Preoperative radiotherapy for colorectal cancer. 
Ann Surg. 1975;181 2624-631. 

36. Rider WD, Palmer JA, Mahoney LJ, Robertson CT. Preop- 
erative irradiation in operable cancer of the rectum: report of 
the Toronto trial. Can / Surg. 1977;20:335-338. 

37. First report om a MRC Working Party: a trial of preoper- 
ative radiotherapy in the management of operable rectal can- 
cer. Br J Surg. 1982 769-513-519. 

38. Second report on MRC Working Party. The evaluation of 
low-dose preoperative x-ray therapy in the management of op- 
erable rectal cancer: results cf a randomly controlled trial. Br 
J Surg. 1984;71:21-25. 

39. Cedermark B, Theve NO,RiegerA, etal. Preoperative short- 
term radiotherapy in rectal carcinoma: a preliminary report of a 
prospective randomized study Cancer. 1985;55:1182-1185. 

40. Steven KR, Allen CV, Hetcher WS. Preoperative radio- 
therapy for adenocarcinoma of the rectosigmoid. Cancer. 
1976; 37 :2866-2874. 

41. Hoskins RB, Gundersor LL, Dosoretz DE, et al. Adjuvant 
postoperative radiotherapy ir cancer of the rectum and rec- 
tosigmoid. Cancer. 1985;55:61-71. 

42. Balslev |, Pedersen M, Teglbjaerg PS, et al. Postoperative 
radiotherapy in Dukes's B and C carcinoma of the rectum and 
rectosigmoid: a randomized multicenter study. Cancer. 
1986; 58:22-28. 

43. Higgins GA, Humprey EW, Dwight RW, Roswit B, Lee LE, 
Keehn RJ. Preoperative radiation and surgery for cancer of the 
rectum: Veterans Administration Surgical Oncology Group 
Trial Il. Cancer. 1986;58:352-259. 

44. Gastrointestinal Tumor 5tudy Group. Prolongation of the 
disease-free interval in surgically treated rectal carcinoma. 
N Engl J Med. 1985 ;312:1465-1472. 

45. Krook JE, Moertel CG, Gunderson LL, et al. Effective sur- 
gical adjuvant therapy for high risk rectal carcinoma. N Engl J 
Med. 1991;324:709-715. 

46. Pahlman L, Glimelius B. Pre- or postoperative radiother- 
apy in rectal and rectosigmoid carcinoma: report from a 
randomized multicenter trial. Ann Surg. 1990;211:187-195. 


Arch Surg—Vol 126, December 1991 


47. Gerard A, Buyse M, Nordlinger B, et al. Preoperative ra- 
diotherapy as adjuvant treatment in rectal cancer: final result 
of a randomized study of the EORTC. Ann Surg. 1988;208:606- 
614. 

48. Reis Neto JA, Quilici FA, Reis JA. A comparison of non- 
operative vs preoperative radiotherapy in rectal carcinoma: a 
10-year randomized trial. Dis Colon Rectum. 1989;32:702-710. 

49. Horn A, Halvorsen JF, Dahl O. Preoperative radiotherapy 
in operable rectal cancer. Dis Colon Rectum. 1990;33:823-828. 

50. Kligerman NN, Urdaneta N, Knowlton A, Vidone R, Hart- 
man PV, Yera R. Preoperative irradiation of rectosigmoid car- 
cinoma including its regional lymph nodes. AJR Am J Roent- 
genol. 1972;114:498-503. 

51. Mendenhall WM, Million RR, Bland KI, Pfaff WW, Cope- 
land EM. Preoperative radiation therapy for clinically resectable 
adenocarcinoma of the rectum. Ann Surg. 1985;202:215-222. 

52. Fortier GA, Constable WC, Meyers H, Wanebo HJ. Pre- 
operative radiation therapy for rectal cancer: an effective ther- 
apy in need of a clinical trial. Arch Surg. 1986;121:1380-1385. 

53. Kodner IJ, Shemesh El, Fry RD, et al. Preoperative irradi- 
ation for rectal cancer: improved local control and long-term 
survival. Ann Surg. 1989;209:194-199. 

54. Allen CV, Fletcher WS. A pilot study on preoperative ir- 
radiation of rectosigmoid carcinoma including its regional 
lymph nodes. AJR Am J Roentgenol. 1972;114:504-508. 

55. Pilepich MV, Munzenrider JE, Tak WK, Miller HH. Pre- 
operative irradiation of primarily unresectable colorectal carci- 
noma. Cancer. 1978;42:1077-1081. 

56. Cohen AM, Gunderson LL, Welch CE. Selective use of 
adjuvant radiation therapy in resectable colorectal carcinoma. 
Dis Colon Rectum. 1981;24:247-251. 

57. Kopelson G. Long-term survivors after preoperative pel- 
vic radiation therapy for locally unresectable rectal and sigmoid 
carcinoma: an assessment of late results. Dis Colon Rectum. 
1982; 25 :644-647. 

58. Dosoretz DE, Gunderson LL, Hedberg S, et al. Preoper- 
ative irradiation for unresectable rectal and rectosigmoid can- 
cers. Cancer. 1983;52:814-818. 

59. Mella O, Dahl O, Horn A, Morild I, Odland G. Radio- 
therapy and resection for apparently inoperable rectal cancer. 
Dis Colon Rectum. 1984;27 :663-668. 

60. James RD, Schofield PF. Resection of ‘inoperable’ rectal 
cancer following radiotherapy. Br J Surg. 1984;72:279-281. 

61. Mendenhall WM, Bland KI, Pfaff WW, Million RR, Cope- 
land EM. Initially unresectable rectal adenocarcinoma treated 
with preoperative irradiation and surgery. Ann Surg. 
1987; 205: 41-44. 

62. Gunderson LL, Martin JK, Beart RW, et al. Intraoperative 
and external beam irradiation for locally advanced colorectal 
cancer. Ann Surg. 1988;207:52-60. 

63. Fletcher GH. Subclinical disease. Cancer. 1984 ;53:1274- 
1284. 

64. Heald RJ, Ryall RDH. Recurrence and survival after total 
mesorectal excision for rectal cancer. Lancet. 1986;1:1479-1482. 

65. Quirke P, Durdey P, Dixon MF, Williams NS. Local 
recurrence of rectal adenocarcinoma due to inadequate surgi- 
cal resection: histopathological study of lateral tumour spread 
and surgical excision. Lancet. 1986;2:996-999. 

66. Umpleby HC, Williamson RCN. Anastomotic recurrence 
in large bowel cancer. Br J Surg. 1987;74:873-878. 

67. Keighley MRB, Hall C. Anastomotic recurrence of colo- 
recta! cancer: a biological phenomenon or an avoidable ca- 
lamity? Gut. 1987;28:786-791. 

68. Williams NS, Dixon MF, Johnston D. Reappraisal of the 
5 centimeter rule of distal excision for carcinoma of the rectum: 
a study of distal intramural spread and of patients’ survival. Br 
J Surg. 1983;70:150-154. 

69. Pollett WG, Nicholls RJ. The relationship between the 
extent of distal clearance and survival and local recurrence rates 
after curative anterior resection for carcinoma of the rectum. 
Ann Surg. 1983;198:159-163. 

70. Fortier GA, Krochak RJ, Kim JA, Constable WC. Dose re- 


Rectal Cancer—Marks et al 1539 


sponse to preoperative irradiation in rectal cancer: implica- 
tions for local control and complications associated with 
sphincter sparing surgery and abdominoperineal resection. Int 
J Radiat Oncol Biol Phys. 1986;12:1559-1563. 

71. Bubrick MP, Rolfsmeyer ES, Schauer MR. Effect of high- 
dose and low-dose preoperative irradiation on low anterior 
anastomoses in dogs. Dis Colon Rectum. 1982;25:406-415. 

72. Fisher B, Wolmark N, Rockette H, et al. Postoperative 
adjuvant chemotherapy or radiation therapy for rectal cancer: 
results from NSABP protocol R-01. J Natl Cancer Inst. 
1988 ;80:21-29. 

73. Wolmark N, Fisher B. An analysis of survival and treat- 
ment failure following abdominoperineal and sphincter-saving 
resection in Dukes’ B and C rectal carcinoma: a report of the 
NSABP clinical trails. Ann Surg. 1986;204:480-489. 


Discussion 


DR COHEN, New York, NY: When you say distances in centi- 
meters, it looked like you were talking about from the dentate 
line. Could you clarify that? Secondly, some of George Bush’s 
employees have told us we were supposed to be using chemo- 
therapy for our rectal cases. How are you integrating chemo- 
therapy into this strategy? 

FREDERICK L. GREENE, MD, Columbia, SC: The clinical trials re- 
cently have reported there is at least a 6% to 7% incidence of small 
bowel problems in postoperative radiation. You alluded to minimal 
problems. Can you be more specific for small bowel problems? This 
is important to us as surgeons trying to avoid this complication. 

DAVID M. OTA, MD, Houston, Tex: How much distal margin 
did you get with your resection of lesions that were 0 to 3 cm from 
the anal verge? Second, when do you use a transsacral approach 
and a coloanal approach? Do you have any criteria for the use of 
those two procedures? 

GLENN D. STEELE, JR, MD, Boston, Mass: I just want to implore 
you as you move on to your next study to take advantage of the 
new knowledge that external beam radiation before or after is 
probably going to be substantially synergized by some 5-FU. 
Second, do you think that your particular expertise and the ex- 


pertise of Dr Mohiuddin is limited, or is your technique ready to 
be diffused out to the masses of us who are not mavens like you? 

DR MARKS: It is important for me to state that, contrary to a lot of 
data in the literature, we measure distances from the anorectal ring. 
We think that this is appropriate because, as far as the cancer cells 
are concerned, they have no knowledge of the configuration of the 
perineum, and the lymphatic watershed relates to the anorectal 
ring. We can measure this quite accurately, particularly when we're 
dealing with cancers in the distal 5 cm of the rectum. The use of che- 
motherapy, I believe, has value. We did not want to affect our data 
by incorporating it; however, in those cases that we consider at an 
advanced stage now, particularly those cancers fixed below the3-cm 
level, we are incorporating it. 

I am glad you asked that, Rick, because it is apparent that the 
risk of small bowel injury is far greater in the postoperative 
treatment; in the preoperative treatment, the bowel is less likely 
to be tethered. There are a lot of reasons why preoperative ra- 
diation is more effective. We have not had one significant radi- 
ation small bowel injury. The only radiation-related injury we 
have had has been a postsacral cutaneous ulcer, which required 
excision and grafting. 

Our smallest margin is 5 mm, and we have a number of pa- 
tients whese cancers were in the distal 1 cm, so that those distal 
margins are in the order of 5 to 7 mm. With regard to our schema, 
it became apparent that in cancers at and below the 3-cm level, 
following radiation they could be so small that you couldn't feel 
them from above. We have developed a guideline that all can- 
cers at and below the 3-cm level we approach transanally first. 
I am happy that we use this guideline; I think it makes sense. 

I believe that potentiating chemotherapy in conjunction with 
radiation is the next step. I might say that in the next phase, 
we're moving to much higher doses. I have operated on a num- 
ber of individuals who have had in excess of 9000 C. I think the 
next phase is using greater dosage. I think this group is certainiy 
ready to do what we're doing if you have a collaborator such as 
Mohammed Mohiuddin. I think that the radiation therapy is as 
critical as the quality of our surgery. I would encourage you all 
to carry on, of course. 















In this retrospective, noncontrolled study of preoperative 
radiation therapy and sphincter-preserving cancer surgery, 
the authors described their experience with three different 
operations for the management of rectal cancer: combined 
-abdominotranssacral resection, low anterior resection, and 
coloanal anastomosis. All 143 tumors were midrectal in loca- 
‘tion, with some being lower and nearer the anorectal ring 
than others. Sixty-seven percent of tumors were B2 (Astler- 
Coller) tumors or worse. Radiation therapy was administered 
(45 to 60 Gy) and, 5 weeks later, one of the sphincter-sparing 
operations was performed. The type of operation performed 
was not randomized. Local recurrence occurred in 13% of all 
patients followed up for 2 years or longer. This is an enviable 
figure. This rate of recurrence, however, is the same as that 
reported by the North Central Cancer Treatment Group after 
abdominal perineal resection or low anterior resection and 
postoperative chemoradiation therapy.’ Nevertheless, the au- 
thors should be proud of their low rates of complication and 
recurrence. Although the number of patients requiring a 
permanent stoma was not stated, the authors documented 
"that 91% of patients maintained anorectal function; the qual- 
_ ity of that function is unknown. The actuarial derived 5-year 
‘survival rate was 80%. 
This study documents what we have known for some time 
from previous studies: preoperative radiation therapy mini- 
mizes local recurrence. No prospective studies, however, 
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have shewn increased survival with preoperative radiation 
therapy. The only prospective randomized study that dem- 
onstrated survival advantage is the North Central Cancer 
Treatment Group trial of postoperative radiation and chemo- 
therapy.’ Indeed, for Astler-Coller B2 and C rectal cancer, 
postoperative adjuvant therapy is generally accepted as the 
standard of care.” Indeed, the benefits of preoperative radi- 
ation therapy remain theoretic at best (preoperative adminis- 
tration of radiation to nondisrupted, nonscarred tissue is more 
effective than postoperative administration), while the poten- 
tial problem of overtreatment of 34% to 50% of patients with 
Astler-Coller A, B1, or D tumors is quite real. Preoperative 
staging needs to be improved and standardized, and prospec- 
tive studies must verify a survival advantage for preoperative 
adjuvant therapy before this approach will be considered a 
valid therapeutic option for patients with rectal cancer. 
JOHN H. PEMBERTON, MD 

Rochester, Minn 
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l INDICATIONS AND USAGE 
Jipro® I.V. is indicated for the treatment of infections caused by susceptible strains 
of the designated microorganisms in the conditions listed below when the intra- 
ous administration offers a route of administration advantageous to the patient: 
rinary Tract Infections—mild, moderate, severe and complicated 
nfections caused by Escherichia coli (including cases with secondary bacteremia), 
Klebsiella pneumoniae subspecies pneumoniae, Enterobacter cloacae, Serratia 
wmarcescens, Proteus mirabilis, Providencia rettgeri, Morganella morganii, 
witrobacter diversus, Citrobacter freundii, Pseudomonas aeruginosa, 
saa eng epidermidis, and Enterococcus faecalis. 
ipro® I.V. is also indicated for the treatment of mild to moderate lower 
wespiratory tract infections, skin and skin structure infections and bone and joint 
‘infections due to the organisms listed in each section below. In severe and 
complicated lower respiratory tract infections, skin and skin structure infections and 
one and joint infections, safety and effectiveness of the iv formulation have not 
n established. 
ower Respiratory Infections—mild to moderate infections caused by 
Escherichia coli, Klebsiella pneumoniae subspecies pneumoniae, Enterobacter 
cloacae, Proteus mirabilis, Pseudomonas aeruginosa, Haemophilus influenzae, 
Haemophilus paraintluenzae and Streptococcus pneumoniae. 
‘Skin and Skin Structure Infections—mild to moderate infections caused 
"by Escherichia coli, Klebsiella pneumoniae subspecies pneumoniae, Enterobacter 
cloacae, Proteus mirabilis, Proteus vulgaris, Providencia stuartii, Morganelia 
morganii, Citrobacter freundii, Pseudomonas aeruginosa, Staphylococcus aureus, 
Staphylococcus epidermidis, and Streptococcus pyogenes. 
Bone and Joint Infections—mild to moderate infections caused by 
Enterobacter cloacae, Serratia marcescens, and Pseudomonas aeruginosa. 

If anaerobic organisms are suspected of contributing to the infection, 

appropriate therapy should be administered. 

ppropriate culture and susceptibility tests should be performed before 
treatment in order to isolate and identify organisms causing infection and to 
determine their susceptibility to ciprofloxacin. Therapy with Cipro” I.V. may be 
initiated before results of these tests are known; once results become available, 
appropriate therapy should be continued. 

As with other drugs, some strains of Pseudomonas aeruginosa may develop 
resistance fairly rapidly during treatment with ciprofloxacin. Culture and 
susceptibility testing performed periodically during therapy will provide information 
not only on the therapeutic effect of the antimicrobial agent but also on the possible 
emergence of bacterial resistance. 

CONTRAINDICATIONS 
Cipro® |.V. (ciprofloxacin) is contraindicated in persons with a history of hyper- 
sensitivity to ciprofloxacin or any member of the quinolone class of antimicrobial 


agents. 
WARNINGS 

THE SAFETY AND EFFECTIVENESS OF CIPROFLOXACIN IN CHILDREN, 
ADOLESCENTS (LESS THAN 18 YEARS OF AGE), PREGNANT WOMEN, 
AND LACTATING WOMEN HAVE NOT BEEN ESTABLISHED. (SEE 
PRECAUTIONS—PEDIATRIC USE, PREGNANCY AND NURSING 
MOTHERS SUBSECTIONS.) Ciprofloxacin causes lameness in immature dogs. 
Histopathological examination of the weight-bearing joints of these dogs revealed 
permanent lesions of the cartilage. Related quinclone-class drugs also produce 
erosions of cartilage of weight-bearing joints and other signs of arthropathy in 
immature animals of various species. (See ANIMAL PHARMACOLOGY section in 
full prescribing information.) 

Convulsions have been reported in patients receiving ciprofloxacin. 

Convulsions, increased intracranial pressure, and toxic psychosis have been 
reported in patients receiving ciprofloxacin and other drugs of this class 
Quinolones may also cause central nervous system (CNS) stimulation which may 
lead to tremors, restlessness, lightheadedness, contusion and hallucinations. If 
these reactions occur in patients receiving ciprofloxacin, the drug should be 
discontinued and appropriate measures instituted. As with all quinolones, 
ciprofloxacin should be used with caution in patients with known or suspected CNS 
disorders, such as severe cerebral arteriosclerosis, epilepsy, and other factors that 
predispose to seizures. (See ADVERSE REACTIONS.) 
SERIOUS AND FATAL REACTIONS HAVE BEEN REPORTED IN PATIENTS 
RECEIVING CONCURRENT ADMINISTRATION OF INTRAVENOUS 
CIPROFLOXACIN AND THEOPHYLLINE. These reactions have included cardiac 
atrest, seizure, status epilepticus and respiratory failure. Although similar serious 
adverse events have been reported in patients receiving theophylline alone, the 
possibility that these reactions may be potentiated by ciprofloxacin cannot be 
eliminated. If concomitant use cannot be avoided, serum levels of theophylline 
should be monitored and dosage adjustments made as appropriate. 

Serious and occasionally fatal hypersensitivity (anaphylactic) reactions, some 
following the first dose, have been reported in patients receiving quinolone therapy. 
Some reactions were accompanied by cardiovascular collapse, loss of 
consciousness, tingling, pharyngeal or facial edema, dyspnea, urticaria, and itching. 
Only a few patients had a history of hypersensitivity reactions. Serious anaphylactic 
reactions require immediate emergency treatment with epinephrine and other 
resuscitation measures, including oxygen, intravenous fluids, intravenous 
antihistamines, corticosteroids, pressor amines and airway management, as 
clinically indicated. 

Severe hypersensitivity reactions characterized by rash, fever, eosinophilia, 

jaundice, and hepatic necrosis with fatal outcome have also been reported extremely 
rarely in patients receiving ciprofloxacin along with other drugs. The possibility that 
these reactions were related to ciprofloxacin cannot be excluded. Ciprofloxacin 
should be discontinued at the first appearance of a skin rash or any other sign of 
hypersensitivity. 
Pseudomembranous colitis has been reported with nearly all 
antibacterial agents, including ciprofloxacin, and may range in severity 
from mild to life-threatening. Therefore, it is important to consider this 
diagnosis in patients who present with diarrhea subsequent to the 
administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by 
Clostridium difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, 
therapeutic measures should be initiated. Mild cases of pseudomembranous colitis 
usually respond to drug discontinuation alone. In moderate to severe cases, 
consideration should be given to management with fluids and electrolytes, protein 
supplementation, and treatment with an antibacterial drug effective against G. 


difficile. 

PRECAUTIONS 
General: INTRAVENOUS CIPROFLOXACIN SHOULD BE ADMINISTERED BY 
SLOW INFUSION OVER A PERIOD OF 60 MINUTES. Local iv site reactions have 
been reported with the intravenous administration of ciprofloxacin. These reactions 
are more frequent if infusion time is 30 minutes or less or if small veins of the hand 
are used. (See ADVERSE REACTIONS.) 

Crystals of ciprofloxacin have been observed rarely in the urine of human 
subjects but more frequently in the urine of laboratory animals, which is usually 
alkaline. (See ANIMAL PHARMACOLOGY section in tull prescribing intormation.) 
Crystalluria related to ciprotloxacin has been reported only rarely in humans 
because human urine is usually acidic. Alkalinity of the urine should be avoided in 
patients receiving ciprofloxacin. Patients should be well hydrated to prevent the 
formation of highly concentrated urine. 

Alteration of the dosage regimen is necessary for patients with impairment of 
renal function. (See DOSAGE AND ADMINISTRATION.) 

Moderate to severe phototoxicity manifested by an exaggerated sunburn 
reaction has been observed in some patients who were exposed to direct sunlight 
while receiving some members of the quinolone class of drugs. Excessive sunlight 


should be avoided. 

As with any potent drug, periodic assessment of organ system functions, 
including renal, hepatic, and hematopoietic, is advisable during prolonged thesapy. 
Information for Patients: Patients should be advised that ciprofloxacin may be 
associated with hypersensitivity reactions, even following a single dose. and to 
discontinue the drug at the first sign of a skin rash or other allergic reaction. 

Ciprofloxacin may cause dizziness and lightheadedness; therefore, patients 
should know how they react to this drug before they operate an automoùile or 
machinery or engage in activities requiring mental alertness or coordination. 

Patients should be advised that ciprofloxacin may increase the effects of 

theophylline and caffeine. There is a possibility of caffeine accumulation when 
products containing caffeine are consumed while taking quinolones. 
Drug Interactions: As with other quinolones, concurrent administrateon of 
ciprofloxacin with theophylline may lead to elevated serum concentratians of 
theophylline and prolongation of its elimination half-life. This may result in 
increased risk of theophylline-related adverse reactions. (See WARNINGS.) If 
concomitant use cannot be avoided, serum levels of theophylline should be 
monitored end dosage adjustments made as appropriate 

Some quinolones, including ciprofloxacin, have also been shown to imerfere 
with the metabolism of caffeine. This may lead to reduced clearance of caffeine and 
a prolongation of its serum half-life. 

Some quinolones, including ciprofloxacin, have been associated with trensient 
elevations in serum creatinine in patients receiving cyclosporine concomitantly 

Quinolones have been reported to enhance the effects of the oral anticoagulant 
warfarin or its derivatives. When these products are administered concomitantly, 
prothrombin time or other suitable coagulation tests should be closely monitored. 

Probenecid interferes with renal tubular secretion of ciprofloxacin and prctuces 
an increase in the level of ciprofloxacin in the serum. This should be considered if 
patients are receiving both drugs concomitantly. 

As with other broad-spectrum antimicrobial agents, prolonged use of 
ciprofloxacin may result in overgrowth of nonsusceptible organisms. Repeated 
evaluation of the patient's condition and microbial susceptibility testirg are 
o If superinfection occurs during therapy, appropriate measures should be 
taken 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight : vitro 
ss ag tests have been conducted with ciprofloxacin. Test results are listed 

elow: 

Salmonella/Microsome Test (Negative) 

E coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 

Chinese Hamster V7g Cell HGPRT Test (Negative) 

Syrian Hamster Embiyo Cell Transformation Assay (Negative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion 

Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 

Thus, two of the eight tests were positive, but results of the following three /. vivo 
test systems gave negative results: 

at Hepatocyte DNA Repair Assay 

Micronucleus Test (Mice) 

Dominant Lethal Test (Mice) 

Long-term carcinogenicity studies in mice and rats have been completed. Atte: daily 
oral dosing for up to 2 years, there is no evidence that ciprofloxacin has any 
carcinogenic or tumorigenic effects in these species. 
Pregnancy: Teratogenic Effects. Pregnancy Category C: Reproduction 
studies have been performed in rats and mice at doses up to 6 times the usual daily 
numan dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to ciprofloxacin. In rabbits, ciprofloxacin (30 and 100 mg/kg orally) produced 
gastrointestinal disturbances resulting in maternal weight loss and an increased 
incidence of abortion. No teratogenicity was observed at either dose. After 
intravenous administration of doses up to 20 mg/kg, no maternal toxicity was 
produced, and no embryotoxicity or teratogenicity was observed. Ther= are, 
however, no adequate and well-controlled studies in pregnant women. Ciprofloxacin 
should be used during pregnancy only if the potential benefit justifies the por=ntial 
risk to the fetus. (See WARNINGS.) 
Nursing Mothers: Ciprofloxacin is excreted in human milk. Because 7 the 
potential for serious adverse reactions in infants nursing from mothers taking 
ciprofloxacin, a decision should be made either to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother. 
Pediatric Use: Safety and effectiveness in children and adolescents less than 18 
years of eer not been established. Ciprofloxacin causes arthropathy in juvenile 
animals. (See WARNINGS. ) 

ADVERSE REACTIONS 
The most frequently reported events, without regard to drug relationship, among 
patients treated with intravenous ciprofloxacin were nausea, diarrhea, central 
nervous system disturbance, local iv site reactions, abnormalities of liver associated 
enzymes (hepatic enzymes) and eosinophilia. Headache, restlessness and rash were 
also noted in greater than 1% of patients treated with the most common doses of 
ciprofloxacin. 

Local iv site reactions have been reported with the intravenous administeation 
of ciprofloxacin, These reactions are more frequent if the infusion time is 30 minutes 
or less. These may appear as local skin reactions which resolve rapidlyupon 
completion of the infusion. Subsequent intravenous administration m& not 
contraindicated unless the reactions recur of worsen 

Additional events, without regard to drug relationship or route of 
administration, that occurred in 1% or less of ciprofloxacin courses are listed below: 

GASTROINTESTINAL: ileus; jaundice; gastrointestinal bleeding; C. dimcile- 
associated diarrhea; pseudomembranous colitis; pancreatitis; hepatic nesrasis; 
intestinal perforation: dyspepsia; epigastric or abdominal pain; vomiting: 
constipation, oral ulceration; oral candidiasis; mouth dryness, anorexia: dysphagia; 
tlatulence. 

CENTRAL NERVOUS SYSTEM: convulsive seizures, paranoia, toxic psygħiosis, 
depression, dysphasia, phobia, depersonalization, manic reaction, 
unresponsiveness, ataxia, confusion, hallucinations, dizziness, lightheadecmess, 
paresthesia, anxiety, tremor, insomnia, nightmares, weakness, drowsiness, 
irritability, malaise, aha 

SKIN/HYPERSENSITIVITY: anaphylactic reactions; erythema multif. rme/ 
Stevens-Johnson syndrome; exfoliative dermatitis; toxic epidermal nectc ysis; 
vasculitis; angioedema; edema of the lips, face, neck, conjunctivae, hands or ower 
extremities; purpura, fever. chills; flushing; pruritus, urticaria, Cutaneous 
candidiasis: vesicles; increased perspiration; hyperpigmentation: erytmema 
nodosum; photosensitivity 

Allergic reactions ranging from urticaria to anaphylactic reactions have been 
reported. (See WARNINGS.) 

SPECIAL SENSES: decreased visual acuity, blurred vision, disturbed vision 
(flashing lights, change in color perception, overbrightness of lights, diplopia. eye 
Dain, anosmia hearing loss, tinnitus, nystagmus, a bad taste. 

MUSCULOSKELETAL: joint pain; jaw, arm or back pain; joint stiffness neck 
and chest pain; achiness; flare-up of gout. 

RENAL/UROGENITAL: renal failure, interstitial nephritis. hemorrhagic cystitis, 
renal calculi, frequent urination, acidosis, urethral bleeding, polyuria, urinary 
retention, gynecomastia, candiduria, vaginitis. Crystalluria, cylindruria, hematuria, 
and albuminuria have also been reported. 

CARDIOVASCULAR: cardiovascular collapse, cardiopulmonary arrest, 
myocardial infarction, arrhythmia, tachycardia, palpitation, cerebral thrombosis, 
syncope, cardiac murmur, hypertension, hypotension, angina pectoris. 

RESPIRATORY: respiratory arrest, pulmonary embolism, dyspnea, pulmonary 
edema, si opera oe pleural effusion, hemoptysis, epistaxis, hiccough. 

IV INFUSION SITE: thrombophlebitis, burning, pain, pruritus. paresthesia, 
erythema, swelling 

Also reported were agranulocytosis, prolongation of prothrombin time and 
possible exacerbation of myasthenia gravis 

Many of these events were described as only mild or moderate in severity, 
abated soon after the drug was discontinued and required no treatment. 

in several instances, nausea, vomiting, tremor, irritability or palpitation were 
judged by investigators to be related to elevated serum levels of theophylline 
possibly as a result of drug interaction with ciprofloxacin 
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laboratory parameters with intravenous ciprofloxacin therapy, without regard te drug 
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Hepatic—Elevations of AST (SGOT), ALT (SGPT), alkaline phosphatase, LDH 
and serum bilirubin. 

Hematologic—Elevated eosinophil and platelet counts, decreased platelet 
counts, hemoglobin and/or hematocrit 

Renal—Elevations of serum creatinine, BUN, uric acid. 

Other—Elevations of serum creatinine phosphokinase, serum theophylline (in 
patients receiving theophylline concomitantly), blood glucose, and triglycerides. 

Other changes occurring infrequently were: decreased leukocyte count, 
elevated atypical lymphocyte count, immature WBCs, elevated serum calcium, 
elevation of serum gamma-glutamyl transpeptidase (GT), decreased BUN, 
decreased uric acid, decreased total serum protein, decreased serum albumin, 
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elevation of serum amylase, decrease of blood glucose, pancytopenia, leukocytosis, 
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OVERDOSAGE 
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dialysis DOSAGE AND ADMINISTRATION 

The recommended adult dosage for urinary tract infections of mild to moderate 
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_ The recommended adult dosage for lower respiratory tract infections, skin and 
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Creatinine Clearance Dosage 
(mL/min) 
>30 See usual dosage 
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When only the serum creatinine concentration is known, the following formula may 


be used to estimate creatinine clearance. l 
Men: Creatinine Weight (kg) x (140 - age) 
clearance (mL/min)= 72 x serum creatinine (mg/dL) 


Women: 0.85 x the value calculated for men. 


The serum creatinine should represent a steady state of renal function 
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solution. Cipro® LV. is available in 200 mg and 400 mg strengths. The concentrate 
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-CORRESPONDENCE AND BRIEF COMMUNICATIONS 


Evaluation of Treatment 
Options for Ductal 
Carcinoma In Situ 

of the Breast 


To the Editor.—The paper that ap- 
peared in the April 1991 issue of the 
ARCHIVES by Silverstein et al! is a well 
researched study that sheds light on 
the natural behavior of intraductal car- 
cinoma. Based on the 7% local recur- 
rence rate, the authors cast a doubt 
on the effectiveness of lumpectomy 
and radiation therapy for ductal car- 
cinoma in situ (DCIS). This is unfor- 
tunate! The risk of ipsilateral failure 
is much lower than the risk of a new 
tumor in the contralateral breast. It is 
heartening that none of the patients 
in the series had, and the authors do 
not recommend, bilateral mastectomy 
for DCIS. 

The 7% incidence of local recur- 
rence in patients treated with lumpec- 
tomy and radiation therapy is signif- 
icantly lower than the reported inci- 
dence of local recurrence in infiltrat- 
ing ductal carcinoma treated in a 
similar manner. Hence, there is no 
basis for the authors’ comment that 
“Intraductal carcinomas are often well 
differentiated and may be less ra- 
diosensitive than more aggressive, 
less differentiated infiltrating can- 
cers.” On a radiobiologic basis, the 
only known factors that affect radi- 
Osensitivity are the DNA content of 
cells and hypoxia. Well-differentiated 
tumors may manifest the radiation 
damage more slowly than poorly dif- 
ferentiated tumors. This is due to the 
longer cell cycle time with cell death 
occurring at the time of mitosis. 

The authors unfortunately fail to 
emphasize the positive aspects of their 
study. These include the excellent 
long-term survival rate (greater than 
95%), the absence of any difference 
in overall survival, and ultimate dis- 
ease-free survival in patients treated 
with mastectomy or breast preserva- 
tion (lumpectomy and radiation). This 
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applies to comedo and noncomedo 
subtypes. Breast preservation is 
achieved in more than 90% of pa- 
tients treated with radiation. 

Radiation of the breast and lym- 
phatics in conservative therapy ap- 
pears to fibrose and halt the spread of 
any recurrent lesion, making subse- 
quent salvage surgery highly effec- 
tive. Thus, the results are signifi- 
cantly better than local recurrence fol- 
lowing mastectomy. The trend in 
cancer treatment is to develop and re- 
serve effective second-line treatment 
(eg, salvage mastectomy for recur- 
rent breast cancer) and use it only for 
that subset (10%) of patients who 
need further therapy. The effective- 
ness of this approach is confirmed in 
the study, where the survival rates 
between patients treated with mas- 
tectomy and those treated with breast 
preservation (radiation) were 
identical. 

Based on this excellent study, both 
extremes—lumpectomy alone or bi- 
lateral mastectomy — appear to be un- 
reasonable options given the natural 
course of the disease. These include 
the high frequency of occurrence of 
the disease (16% of all women), the 
multifocal nature of the disease (50%), 
the slow progression with fewer than 
30% evolving into invasive breast can- 
cer, and the value of today’s mam- 
mograms in providing the clinician 
significant “lead time.” 

GILBERT LAWRENCE, MD 
Stoneboro, Pa 


1. Silverstein MJ, Waisman JR, Gier- 
son ED, Colburn W, Gamagami P, Lewin- 
sky BS. Radiation therapy for intraductal 
carcinoma: is it an equal alternative? 
Arch Surg. 1991;126:424-428. 


In Reply.—We thank Dr Lawrence for 
his supportive and thoughtful com- 
ments on our article. We would like, 
however, to take issue with a few 
points, most importantly, the local 
failure rate for radiation therapy. 
Dr Lawrence states that our local 
recurrence rate is 7%. He uses this to 
justify radiation therapy as the treat- 


ment of choice for DCIS. He states 
that we failed “to emphasize the pos- 
itive aspects” of our study and that 
we “cast a doubt on the effective- 
ness” of radiation therapy. 

In our published series of 103 pa- 
tients treated with radiation therapy, 
seven failed locally, an absolute re- 
currence rate of 7%. However, dur- 
ing the past few years, we have been 
accruing patients with DCIS ata rapid 
rate. This rapid accrual of new pa- 
tients with DCIS dilutes the study 
population with freshly diagnosed pa- 
tients who have not had time to de- 
velop recurrence, keeping the abso- 
lute recurrence rate artificially low, 
rendering it invalid. The Kaplan- 
Meier actuarial recurrence rate, which 
we reported in our paper, takes this 
into account and is a better measure 
of local treatment failure. That num- 
ber is twice as high, 14% at 6 years. 
This, of course, far exceeds the risk of 
a new contralateral breast cancer in 
the same period and is in direct con- 
tradiction to Dr Lawrence’s position. 

Furthermore, as this is being writ- 
ten, we have just finished a complete 
update of our data for the 2nd EORTC 
(European Organization for Research 
and Treatment of Cancer) DCIS Con- 
sensus Conference held in Leuven, 
Belgium in September 1991. We have 
now experienced 10 radiation failures 
compared with one mastectomy fail- 
ure among the patients reported in 
our study. The 6-year actuarial fail- 
ure rate is now 16%. Two of the re- 
currences occurred more than 6 years 
after diagnosis and did not affect the 
6-year rate. The 8-year actuarial re- 
currence rate is higher yet, but it is 
based on too few patients followed 
for too short a period to make it valid. 
Nevertheless, the trend is worrisome. 

Patients with DCIS treated with ex- 
cision and radiation therapy develop 
recurrence at a statistically higher rate 
than similar patients treated with mas- 
tectomy. Five of 10 radiation failures 
in this series have been invasive tu- 
mors. One of these patients has died 
and the second has had an aggres- 
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sive recurrence with lymphatic tumor 
emboli. Dr Lawrence is correct when 
he states that there is no statistical 
difference in overall survival, but the 
follow-up is simply not long enough. 
We do not know the long-term sig- 
nificance of these invasive recur- 
rences. They clearly present a theo- 
retical, if not real, threat to overall 
survival. If the mortality rate for ra- 
diation therapy turns out to be only 
a few percent higher than for mas- 
tectomy, this will be of grave concern 
and patients will have to be apprised 
of this. 

We know of no data that support 
Dr Lawrence's contention that 
“Radiation of the breast and lymphat- 


ics... appears to. . . halt the spread 
of any recurrent lesion. . . .” To the 
contrary, one of our patients with 
recurrence has already died and a 
second has an extremely poor 
prognosis. 

_ Finally, we did not mean to give 
the impression that we favor mastec- 
tomy for DCIS. The multidisciplinary 
staff at The Breast Center, Var Nuys, 
Calif, has been biased toward breast 
conservation since 1979, when the 
center was founded. We have always 
believed that when breast comserva- 
tion and mastectomy yielded similar 
theoretical survival rates, breast pres- 
ervation was a superior treatment. 
Because of a statistically higher rate 


CORRECTION 


Figure Legends Reversed 


of local recurrence following radia- 
tion therapy and because 50% of our 
recurrences are invasive, we admit to 
being cautious. 

A small decrease in local disease- 
free survival and possible overall sur- 
vival may be a small price to pay for 
staying whole. This is a decision that 
the patient is entitled to make and 
whatever that decision, we will 
strongly support it. 

MELVIN J. SILVERSTEIN, MD 
JAMES R. WAISMAN, MD 
EUGENE D. GIERSON, MD 
WILLIAM COLBURN, MD 
PARVIS GAMAGAMI, MD 
BERNARD S. LEWINSKY, MD 
Van Nuys, Calif 


In the article entitled “Touch Preparation Cytology of Breast Lumpectomy 
Margins With Histologic Correlation,” published in the April 1991 issue 
of the ARCHIVES (1991;126:490-493), the legends for Figs 6 and 7 were 


reversed. 
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Hepatic extraction of indocyanine green is depressed early 
in sepsis despite increased hepatic blood flow and car- 
diac output [Wang] 219; (clinical relevance statement) 
[Dunn] 224 (Fe); correction, 1093 (Se) 

History of liver surgery [Foster] 381 (Mr) 

Increased intestinal permeability in endotoxic pigs: me- 
senteric hypoperfusion as an etiologic factor [Fink] 211 
(Fe) 

Liver viability after ischemia-reperfusion [Rodriguez] 767 


Ue) 

Blood Gas Analysis 

Analysis of the hemodynamic and ventilatory effects of 
laparoscopic cholecystectomy [Wittgen] 997 (Au) 

Blood Groups 

Alterations in host defense associated with anesthesia and 
blood transfusions: II. effect on response to endotoxin 
[Waymack] 59 (Ja) 

Blood Loss, Surgical 

Simplified hepatic resection with the use of prolonged 
vascular inflow occlusion [Terblanche] 298 (Mr) 

Blood Platelet Count see Platelet Count 

Blood Platelet Number see Platelet Count 

Blood Platelets 

High rate of portal thrombosis after splenectomy in p 
tients with esophageal varices and idiopathic portal hy- 
pertension [Eguchi] 752 (Je) 

Blood Pressure 

Monitoring functional patency of percutaneous translumi- 
nal ae Sage [Kinney] 743 (Je) 

7.5% sodium chloride/dextran for resuscitation of trauma 
patients undergoing helicopter transport [Vassar] 1065; 
(editorial comment) [Sheldon] 1072 (Se) 

Trauma during pregnancy: a review of 79 cases [Esposito] 
1073 (Se) 

Blood Transfusion 

Alterations in host defense associated with anesthesia and 
blood transfusions: II. effect on response to endotoxin 
[Waymack] 59 (Ja) 

Growing spectrum of surgical disease in patients with hu- 
man immunodeficiency virus/acquired immunodeficiency 
syndrome: experience with 120 major cases [Diettrich] 
860; (editorial comment) [Wilson] 866 (Jy) 

Impaired macrophage function in severe protein-energy 
malnutrition [Redmond] 192 (Fe 

Simplified hepatic resection with the use of prolonged 
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vascular inflow occlusion [Terblanche] 298 (Mr) 

Blood Vessels 

Limb salvage vs amputation for critical ischemia: the role 
of vascular surgery [Taylor] 1251 (Oc) 

Blotting, Northern 

e mrs hybrid protein gene expression dumng human 
colon cancer pro ion [Mafune] 462 (Ap 

Blunt Injuries see Wounds, Nonpenetrating 

Body Fluids 

Universal precautions are not universally followed [Cour- 
ington] 93 (Ja) 

Body Weight 

Effect of exogenous growth hormone on whole-body and 
ca protein kinetics in burned patients [Gore] 

a) 

Bone Marrow 

Interferon-gamma reverses bone marrow inhibition fol- 
lowing hemorrhagic shock [Livingston] 100 Ja) 

Lipid-free total parenteral nutrition and macrophage func- 
tion in rats [Nussbaum] 84 (Ja) 

BOOK REVIEWS 

Baue A: Multiple Organ Failure: Patient Care and Preven- 
tion, 913 (Jy) 

Bohmert HH, Leis P Jr, Jackson IT, eds: Breast Cancer: 
Conservative and Reconstructive Surgery, 792 (Je) 

Demling RH: Burn Trauma, 117 (Ja) 

Lister J, Irving IM, eds: Neonatal Surgery, ed 3, 397 (Mr) 

Lumley JSP, Green CJ, Lear P, Angell-James JE. Essentials 
of Experimental Surgery, 116 (Ja) 

Lygidakis NJ, Tytgat GNJ, eds: Hepatobiliary and Pancre- 
atic Malignancies: Diagnosis, Medical and Suzgical Man- 
agement, 116 (Ja) 

Ravitch MM, Steichen FM, Welter R, eds: Current Practice 
of Surgical Stapling, 657 (My) 

Rogers K, Coup AJ, eds: Surgical Pathology of the Breast, 
397 (Mr) 

Rombeau JL, Caldwell MD: Clinical Nutrition: Enteral and 
Tube Feeding, ed 2, 913 (Jy) 

Shields TW, ed: Mediastinal Surgery, 1160 (Se 

Skinner DB: Atlas of Esophageal Surgery, 1311 (Oc) 

Veith FJ, ed: Current Critical Problems in Vascular Sur- 
gery, vol 2, 791 (Je) 

Wantz GE: Atlas of Hernia Surgery, 1041 (Au) 

Williamson RCN, Cooper MJ, eds: Emergency abdominal 
Surgery, vol 17, 529 (Ap) 

Zucker KA, ed: Surgical Laparoscopy, 1160 (Se) 

Brain Mapping 

EEG monitoring in carotid endarterectomy (lette-) [Nuwer] 
115 (Ja) 

Brambilla, Giovanni Alessandro (1728-1800) 

Anatomical wax preparations in the Josephinum in Vi- 
enna, Austria: (on the improvement of surgxal educa- 
tion 200 years ago) [Holubar] 421 (Ap) 

Breast Neoplasms 

Approach to the reduction of the most common Western 
cancers: the failure of therapy to reduce disease [Burkitt] 
345 (Mr) 

Breast biopsy techniques and adequacy of margins [Ngai] 
1343 (No) 

In vivo measurement of breast cancer growth rate [Good- 
son] 1220 (Oc) 

Inflammatory breast cancer [Moore] 304 (Mr) 

Level of axillary involvement by lymph node metastases 
from breast cancer is not an independent predictor of 
survival [Barth] 574 (My) 

Local-regional breast cancer recurrence followimg mastec- 
tomy [Crowe] 429 (Ap) 

Mammographic localization and biopsy of nonpalpable 
breast lesions: a 5-year study [Thompson] 72) (Je) 

Not all nonpalpable breast cancers are alike [Franceschi] 
967 (Au) 

Stereotaxic localization for fine-needle aspiraton breast 
biopsy: initial experience with 300 patients [Mitnick] 1137 
(Se) 

Surgical options in 424 patients with gaye breast cancer 
without systemic metastases [Wolberg] 817 (y) 

Total axillary lymphadenectomy in the management of 
breast cancer [Senofsky] 1336 (No) 

Touch preparation cytology of breast lumpectomy margins 
with histologic correlation [Cox] 490 (Ap); eorrection, 
1542 (De) 

Brodie, Collins (1783-1862) 

Vagus nerve, gastric secretions, and their relatzonship to 
peptic ulcer disease [Burden] 259 (Fe) 

Bromodeoxyuridine 

Depletion of dietary arginine inhibits growth of metastatic 
tumor [Yeatman] 1376 (No) 

In vivo measurement of breast cancer growth rate [Good- 
son] 1220 (Oc) 

Bronchial Cyst see Bronchogenic Cyst 

Bronchogenic Cyst 

Recurrent bronchogenic cyst: an argument for complete 
surgical excision [Read] 1306 (Oc) 

Burns 

Effect of exogenous growth hormone on whole-body and 
isolated-limb protein kinetics in burned patients [Gore] 
38 (Ja) 

Effects of granulocyte-macrophage colony-stimuiating fac- 
tor in burn patients [Cioffi] 74 (Ja) 

Fungal burn wound infection: a 10-year experience 
[Becker] 44 (Ja) 

Modulation of IgM antibody formation by lipid peroxida- 
tion products from burn plasma [Thomson] 93; (edito- 
rial comment) [Demling] 976 (Au) 

Paranasal sinusitis in burn patients following nasotracheal 
intubation [Bowers] 1411 (No) 

Pathophysiologic glucocorticoid levels and survival of trans- 
locating bacteria [Jones] 50; (clinical relevance statement) 


[Pruitt] 55 (Ja) 

Topical silicone gel for the prevention and treatment of 
hypertrophic scar [Ahn] 499 (Ap) 

bi is responsible for progress? [Burke] 677 (Je) 
utyrates 
ifferential effects of sodium butyrate and hexamethylene 
bisacetamide on growth and secretion of cultured hu- 
man endocrine tumor cells [Parekh] 467; (clinical rele- 
vance statement) [Zinner] 472 (Ap) 


Bypass, Coronary Artery see Coronary Artery Bypass 
Cc 


c-myc Proteins see Proto-Oncogene Proteins c-myc 

Cachectin see Tumor Necrosis Factor 

Cadaver 

Cholecystectomy and hepatic artery injuries [Halasz] 137; 
(editorial comment) [Ignatius] 138 (Fe) 

Cadmium 

seein amt gamma detection probe with presurgical 
antibody imaging in colon cancer [Kuhn] 1398 (No) 

Calciphylaxis 

Calciphylaxis in secondary hyperparathyroidism: diagno- 
sis and parathyroidectomy ] 1213 (Oc) 

Calcium 

Calciphylaxis in secondary b epee a diagno- 
sis and parathyroidectomy [Duh] 1213 (Oc) aü 

Effect of aerosolized fibrin solution on intraperitoneal con- 
tamination [Dubrow] 80 (Ja) 

CALENDAR 

117 (Ja), 529 (Ap), 914 (Jy), 1311 (Oc) 

Calm uerin Bacillus see Mycobacterium bovis 

Campylobacter Clostridium difficile disease in a department of 
surgery: significance of prophylactic antibiotics [Yee] 241 
(Fe) 

Candida 

Clinical spectrum of fungal infections after orthotopic liver 
transplantation [Castaldo] 149 (Fe) 

Fungal burn wound infection: a 10-year experience [Becker] 
44 (Ja) 

Impaired ae pera function in severe protein-energy 
malnutrition [Redmond] 192 (Fe) 

Candida albicans 

Bacterial translocation induces procoagulant activity in tis- 
sue macrophages: a potential mechanism for end-organ 
dysfunction [Sullivan] 586 (My) 

Cannulation see Catheterization 

Carbohydrates 

Carbohydrate-binding protein 35 is the major cell-surface 
laminin-binding protein in colon carcinoma [Lee] 1498 
(De) 

Carbon Dioxide 

Analysis of the hemodynamic and ventilatory effects of 
laparoscopic cholecystectomy [Wittgen] 997 (Au) 

Prospective study of incisional time, blood loss, pain, and 
healing with carbon dioxide laser, scalpel, and electro- 
surgery [Pearlman] 1018 (Au) 

Intraoperative gamma detection probe with presurgical 
antibody imaging in colon cancer [Kuhn] 1398 (No) 
Prognostic factors in primary retroperitoneal soft-tissue 

sarcomas [Bevilacqua] 328 (Mr) 

Prognostic significance of carcinoembryonic antigen in col- 
orectal carcinoma: serum levels before and after resec- 
tion and before recurrence [Chu] 314 (Mr) 

Treatment of abdominal mali t neoplasms using re- 
gional chemotherapy with hemofiltration [Muchmore] 
1390 (No) 

Carcinogen Markers see Tumor Markers, Biological 

Carcinogens 

Oncogene-mediated transformation: an in vitro model for 
colon carcinogenesis [Pories] 1387 (No) 

Carcinoid Tumor 

Differential effects of sodium butyrate and hexamethylene 
bisacetamide on growth and secretion of cultured hu- 
man endocrine tumor cells [Parekh] 467; (clinical rele- 
vance statement) [Zinner] 472 (Ap) 

Carcinoma 

Extremity epithelioid sarcoma: amputation vs local resec- 
tion [Whitworth] 1485 (De) 

Carcinoma, Ductal 

Evaluation of treatment options for ductal carcinoma in 
situ of the breast (letter) [Lawrence] (reply) [Silverstein] 
1541 (De) 

Radiation therapy for intraductal carcinoma: is it an equal 
alternative? [Silverstein] 424 (Ap) 

Carcinoma in Situ 

Evaluation of treatment options for ductal carcinoma in 
situ of the breast (letter) [Lawrence] (reply) [Silverstein] 
1541 (De) 

Radiation therapy for intraductal carcinoma: is it an equal 
alternative? [Silverstein] 424 (Ap) 

Carcinoma, Merkel Cell 

Merkel cell carcinoma: prognosis and management [Yieng- 
pruksawan] 1514 (De) 

Carcinoma, Squamous Cell 

Evidence against a role for human papillomavirus in colon 
neoplasms (letter) [Nuovo] (reply) [McGregor] 656 (My) 

Malignant melanoma in black Americans: a trend toward 
improved survival [Crowley] 1359 (No) 

Cardiac Electroversion see Electric Countershock 

Cardiopulmonary Bypass 

Why I prefer not to treat trauma patients (letter) [Sloane] 
(reply) [Trunkey] 1042 (Au) 

Cardioversion see Electric Countershock 

Carotid Arteries 

Benefits of carotid endarterectomy confirmed by random- 
ized trial [Thompson] 1178 (Oc) 


Subject Index 


EEG monitoring in carotid encarte-ectomy (letter) [Nuwer] 
115 (Ja) 

Cathartics 

New oral lavage solution vs cathartics and enema method 
for preoperative colonic cleansing [Beck] 552; (editorial 
comment) [Bremner] 555 (My) 

Catheter Ablation, Electric see Electrocoaguiation 

Catheterization 

Intravascular plastic catheters: how they potentiate tumor 
necrosis factor release and exacerbate complications as- 
sociated with sepsis [Martin] 1087 (Se) 

Pyogenic liver abscess: modern treatment [Stain] 991 (Au) 

Catheterization, Balloon see Balloon Dilatation 

Catheterization, Cardiac see Heart Catheter-zation 

CAVH see Hemofiltration 

Cecal Diseases 

Macrophage antigen presentation and interleukin 1 pro- 
duction after cecal ligation and punctuse in C;H/HeN 
and C;H/He] mice [Baker] 253; (editorial eomment) [Mc- 
Quarrie] 258 (Fe) 

Cecum 

Does the retroeecal position of the vermiJorm appendix 
alter the clinical course of acate appendicitis?: a pro- 

Pe p analysis [Shen] 569 (My) 

amandole 

Comparison of the roles of cetamandole and ceftriaxone in 
abdominal surgery [Hall] 512 (Ap) 

Cefazolin 

Pharmacokinetics of cefazolin applied topically to the sur- 
gical wound [Matushek] 890; (editorial comment) [Yurt] 
893 (Jy) l 

Bodice randomized triabef panpana cefazolin treat- 
ment in axillary and groin dissection [Goit] 1366 (No) 


Cefotetan 

Hypoprothrombinemia anc hemorrhage in a surgical pa- 
tient treated with cefotetan [Kaiser] 524 (Ap) 

Ceftriaxone 

Comparison of the roles of eefamandole and ceftriaxone in 
abdominal surgery [Hall] 512 (Ap) 

Celiac Artery 

Chronic mesenteric vascular syndrome: sesults of recon- 
structive surgery [Geelkerken] 1101; (ed:torial comment) 
[Porter] 1106 (Se) 

High rate of portal thrombesis after splenectomy in a 
tients with esophageal varices and idiopathic portal hy- 
pertension [Eguchi] 752 Je) 

Cell Count 


Mechanism of surgical stress impairment of human peri- 
operative natural killer cell cytotoxicity [Pollock] 338; 
(clinical relevance statement) [Donegam] 342 (Mr) 

Cell-Mediated Lympholytic Cells see T-Lymphocytes, Cy- 
totoxic 

Comparison of the roles ofwefamandole and ceftriaxone in 
abdominal surgery [Hall] 512 (Ap) 

Cerebral Ischemia, Transient 

Benefits of carotid endarterectomy confirmed by random- 
ized trial [Thompson] 1178 (Oc) 

Cerebrovascular Disorders 

Benefits of carotid endarterectomy confirmed by random- 
ized trial [Thompson] 1178 (Oc) 

Retrospect and prospect: ramirations after the first decade 
of the Surgical Infection Society [Concon] 19 (Ja) 

Universal precautions are not universally followed [Cour- 
ington] 93 (Ja) 

Certification 

Inguinal herniorrhaphy: reduced morbidity by service stan- 
dardization [Deysine] 628; (editorial camment) [Norton] 
630 (My); correction, 976 (Au) 

Surgical oncology —a specialty or just special?: James Ew- 
ing Lecture [Beahrs] 1498 (No) 

Who speaks for general surgery? [Block] 1333 (No) 

Drug Therapy 


Timing of invasive procecures in therapy for primary and 
secondary spontaneous pneumothorax] Schoenenberger] 
764; (editorial commen’) [Demetriades] 766 (Je) 

Child 

Gastric volvulus in the pediatric population [Miller] 1146 
(Se) 

Hepatic vein and retrohepatic vena caval injuries in chil- 

n: sternotomy first? [Moulton] 1262 (Oc) 

Impact of liver reductions in pediatric liver transplantation 
[Esquivel] 1278 (Qc) 

Inflammatory pseudotumer ir childhood: a diagnostic and 
a pe dilemma [Freud] 653; (editorial comment) 
[Smith] 655 (My) 

Cholangiography 

Biliary s after cardiac transplantation [Sekela] 571; 
(editorial comment) [Sawyers] 573 (My) 

Cystic duct cholangiography during laparoscopic chole- 
cystectomy [Blatner] 646 (My) 

Role of cholangiography in leparoscopr cholecystectomy 
[Sackier] 1021 (Au) 

Cholangitis 

Acute chclangitis secondary to hepatolithiasis [Fan] 1027 
(Au) 

Biliary patency imaging atter endoscopicretrograde sphinc- 
terotomy with gallbladder in situ: clinical impact of non- 
visualization [Holbroox} 738 (Je) 

Cholecystectomy 

Analysis of the hemod ic and ventilatory effects of 
laparoscopic cholecystectomy [Wittgen] 997 (Au) 

Biliary pancreatitis: operative outcome with a selective ap- 

roach [Schwesinger] 436 (Jy) 

Biliary patency imaging after endoscopic retrograde sphinc- 
terotomy with gallblacder :n situ: clirical impact of non- 
visualization [Holbrock] 738 (Je) 
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Biliary surgery after cardiac transplantation [Sekela] 571; 
(editorial comment) [Sawyers] 573 (My) 

Cholecystectomy and hepatic artery injuries [Halasz] 137; 
(editorial comment) [Ignatius] 138 (Fe) 

Cystic duct cholangiography during laparoscopic chole- 
cystectomy [Blatner] 646 (My) 

Endoscopic cholecystectomy: an analysis of complications 
[Wolfe] 1192 (Qc) 

Extracorporeal lithotripsy: an important adjunct in the non- 
operative management of retained or recurrent bile duct 
stones [Eckhauser] 829 (Jy) 

Laparoscopic cholecystectomy: technique more important 
than tool (letter) [Schirmer] 1161 (Se) 

Laser and laparoseopic cholecystectomy: a hazardous union? 
[Easter] 423 (Ap) 

Reflections on my surgical residency [Zenilman] 1176; [Wa- 
terhouse], 1177 (Oc) 

Results of surgical therapy for biliary dyskinesia [Misra] 
957 (Au) 

Role of cholangiography in laparoscopic cholecystectomy 
[Sackier] 1021 (Au) 

Subcutaneous emphysema and hypercarbia following lap- 
aroscopic cholecystectomy [Kent] 1154 (Se) 

Cholecystitis 

Biliary patency imaging after endoscopicretrograde sphinc- 
terotomy with adder in situ: clinical impact of non- 
visualization [Holbrook] 738 (Je) 

Subcutaneous emphysema and hypercarbia following lap- 
aroscopic cholecystectomy [Kent] 1154 (Se) 

Cholelithiasis 

Biliary pancreatitis: operative outcome with a selective ap- 
proach [Schwesinger] 836 (Jy) 

Biliary patency imaging after endoscopic retrograde sphinc- 
terotomy with gallbladder in situ: clinical impact of non- 
visualization [Holbrook] 738 (Je) 

Biliary surgery after cardiac transplantation [Sekela] 571; 
(editorial comment) [Sawyers] 573 (My) 

Cystic duct cholangiography during laparescopic chole- 
cystectomy [Blatner] 646 (My) 

Endoscopic cholecystectomy: an analysis of complications 
[Wolfe] 1192 (Oc) i 

Extracorporeal lithotripsy: an important adjunctin the non- 
operative management of retained or recurrent bile duct 
stones [Eckhauser] 829 (Jy) 

Results of surgical therapy for biliary dyskinesia [Misra] 
957 (Au) 

Cholelithiasis, Common Bile Duct see Common Bile Duct 
Calculi 

Cholestasis, Intrahepatic 

Acute cholangitis secondary to hepatolithiasis [Fan] 1027 
(Au) 

Choline Deficiency 

Parathyroid hormone secretion and target organ response 
in experimental acute pancreatitis [Schachter] 139 (Fe) 

phy, Gel 

Lymphokine-activated killer cell suppressor factor in ma- 
lignant effusions [Pelton] 476 (Ap) 

um 

Mechanism of surgical stress impairment ef human peri- 
operative natural killer cell cytotoxicity [Pollock] 338; 
(clinical relevance statement) [Donegan] 342 (Mr) 

Cicatrix 

Topical silicone gel for the prevention and treatment of 
hypertrophic scar [Ahn] 499 (Ap) 

Citrate ty tae see Aconitate Hydratase 

Citrulline 

Effect of endogenous nitric oxide on mitochondrial respi- 
ration of rat hepatocytes in vitro and in vivo [Stadler] 186 
(Fe) 

Classification 

APACHE II scores in the prediction of multiple organ fail- 
ure syndrome (letter) [Sirio] (reply) [Cerra] 528 (Ap) 

Approach to the reduction of the most common Western 
cancers: the failure of therapy to reduce disease [Burkitt] 
345 (Mr) 

Clinical Com 

Graduate surgical education from a ‘town’ perspective 
[Rainer] 287 (Mr) 

Reflections on. my surgical residency [Zenilman] 1176; [Wa- 
terhouse], 1177 (Oc) 

Clinical Trials 

Intraoperative gamma detection probe with presurgical 
anti imaging in colon cancer [Kuhn] 1398 (No) 

Some problems with clinical trials: James Ewing lecture 
[Lawrence] 370 (Mr) 

Clone Cells 

Cytotoxic T-lymphocyte clone derived from mice with pro- 
gressively growing tumors [Hoover] 447; (clinical rele- 
vance statement) [Jessup] 452 (Ap) 

Clostridium 

Recognition, management, and prevention of Clostridium 
septicum abscess in immunosuppressed patients [Kol- 
beinsson] 642 (My) 

Clostridium difficile Clostridium difficile disease in a depart- 
ment of surgery: significance of prophylactic antibiotics 
[Yee] 241 (Fe) 

Clostridium Enterocolitis see Enterocolitis, Pseudomembra- 
nous 

Colectomy 

Acute malignant obstruction of the left colon: an indication 
a total abdominal colectomy? (letter) [Stephenson] 790 

e) 

Colitis, Pseudomembranoussee Enterocolitis, Pseudomem- 
branous 

Collagen 

Carbohydrate-binding protein 35 is the major cell-surface 
laminin-binding protein in colon carcinoma [Lee] 1498 


(De) 


Cigarette smoking decreases tissue oxygen [Jensen] 1131; 
{editorial comment) [Harkin] 1134 (Se) 

Neutrophil-dependent decrease in early wound margin 
strength [Jonsson] 1423 (No) 

Collagen Type IV see Collagen 

Colon 


Evolution of the treatment of the injured colon in the 1980s 
[Burch] 979 (Au) 

Colonic Diseases 

Acute diverticulitis: a complicated problem in the immu- 
nocompromised patient [Tyau] 855 (Jy) 

Colonic N 

Acute malignant obstruction of the left colon: an indication 
for total abdominal colectomy? (letter) [Stephenson] 790 


ge) 
Carbohydrate-binding protein 35 is the major cell-surface 
laminin-binding protein in colon carcinoma [Lee] 1498 


(De) 

Depletion of dietary arginine inhibits growth of metastatic 
tumor [Yeatman] 1376 (No) 

Effect of morphine on growth of metastatic colon cancer in 
vivo [Yeager] 454 (Ap) 

Evidence against a role for human papillomavirus in colon 
neoplasms (letter) [Nuovo] (reply) [McGregor] 656 (My) 

Intraoperative gamma detection probe with presurgical 
antibody imaging in colon cancer [Kuhn] 1398 (No) 

Oncogene-mediated transformation: an in vitro model for 
colon carcinogenesis [Pories] 1387 (No) 

i resection and anastomosis in obstructed descend- 
ing colon due to cancer [Tan] 748 (Je) 

Prognosis of symptomatic duodenal adenomas in familial 
adenomatous polyposis [Beckwith] 825 (Jy) 

Sulindac inhibits the rate of growth and appearance of 
colon tumors in the rat [Skinner] 1094 (Se) 

Surgical resection of pulmo metastases from colorectal 
adenocarcinoma: special ce to repeated pulmo- 
nary resections [Mori] 1297; (editorial comment) [Mark] 
1302 (Oc) 

sr ons hybrid protein gene expression during human 
colon cancer progression [Mafune] 462 (Ap) 

Colonic Polyps 

Oncogene-mediated transformation: an in vitro model for 
colon carcinogenesis [Pories] 1387 (No) 

Prognosis of symptomatic duodenal adenomas in familial 
adenomatous polyposis [Beckwith] 825 (Jy) 

Colonoscopy 

Sulindac inhibits the rate of growth and appearance of 
colon tumors in the rat [Skinner] 1094 (Se) 

Colorectal Neoplasms 

Depletion of di inine inhibits growth of metastatic 
tumor [Yeatman] 1376 (No) 

Five-year study of cryosurgery in the treatment of liver 
tumors [Ravikumar] 1520 (De) 

BEN Yc gamma detection probe with presurgical 
antibody imaging in colon cancer [Kuhn] 1398 (No) 

Patterns of recurrence after pelvic exenteration for color- 
ectal adenocarcinoma er] 1510 (De) 

Prognostic factors in primary retroperitoneal soft-tissue 
sarcomas [Bevilacqua] 323 (Mr) 

Prognostic significance of carcinoembryonic antigen in col- 

carcinoma: serum levels before and after resec- 
tion and before recurrence [Chu] 314 (Mr) 

Radioimmunoguided surgery using iodine 125 B72.3 in 
patients with colorectal cancer [Cohen] 349 (Mr) 

Surgical resection of pulmo metastases from colorectal 
adenocarcinoma: special reference to repeated pulmo- 
nary resections [Mori] 1297; (editorial comment) [Mark] 
1302 (Oc) 

hes ins hybrid protein gene expression during human 
colon cancer progression [Mafune] 462 (Ap) 

Colostomy 

Endoscopic laser recanalization is effective for prevention 
and treatment of obstruction in sigmoid and rectal cancer 
[Daneker] 1348 (No) ‘ 

Evolution of the treatment of the injured colon in the 1980s 
[Burch] 979 (Au) 

Pilot study of sphincter-sparing management of adenocar- 
cinoma of the rectum [Steele] 696; (editorial comment) 
[Fielding] 702 (Je) 

resection and anastomosis in obstructed descend- 
ing colon due to cancer [Tan] 748 (Je) 

Coma 

Is early prediction of outcome in severe head inj 
sible? [Waxman] 1237 (Oc) antye 

Trauma in pregnancy: predicting pregnancy outcome [Kiss- 
inger] 1079 (Se); correction, 1524 (De) 

Bile Duct 

Endoscopic cholecystectomy: an analysis of complications 
[Wolfe] 1192 (Oc) 

Common Bile Duct Calculi 

Choledocholithiasis in acute gallstone pancreatitis: inci- 
dence and clinical significance [Oria] 566; (editorial com- 
ment) [Warshaw] 568 (My) 

Extracorporeal lithotripsy: an important adjunct in the non- 
operative management of retained or recurrent bile duct 
stones [Eckhauser] 829 (Jy) 

Communicable Diseases 

Universal precautions are not universally followed [Cour- 
ington] 93 (Ja) 

Communication 

Town-gown syndrome: an ancient disease, as yet uncured 
[Baker] 285 (Mr) 

pay ts ae Coagulopathy see Disseminated Intravascu- 


Contrast Media 

Role of cholangiography in laparoscopic cholecystectom 
[Sackier] 1021 (Au) j 

Controlled Clinical Trials see Clinical Trials 


Subject Index 1555 


a a Behavior 

duate surgical education from a ‘town’ perspective 
[Rainer] 287 (Mr) 

Coronary Artery Bypass 

Dipyridamole thallium scanning in the evaluation of cor- 
onary artery disease in elective abdominal aortic surgery 
[Strawn] 880 (Jy) 

Long-term results following surgical management of aortic 
graft infection [Quifiones-Baldrich] 507 (Ap) 

Coronary Disease 

Complications of percutaneous intra-aortic balloon pum 
use in patients with peripheral vascular disease [Kvilekval] 
621 (My) 

CORRECTIONS 

Hepatic extraction of indocyanine green is depressed early 
in sepsis despite increased hepatic blood flow and car- 
diac output [Wang] 219; (clinical relevance statement) 
[Dunn] 224 (Fe); correction, 1093 (Se) 

Inguinal herniorrhaphy: reduced morbidity by service stan- 
dardization [Deysine] 628; (editorial comment) [Norton] 
630 (My); correction, 976 (Au) 

Touch preparation cytology of breast lumpectomy margins 
with histologic correlation [Cox] 490 (Ap); correction, 
1542 (De) 

Trauma in pregnancy: predicting pregnancy outcome [Kiss- 
inger] 1079 (Se); correction, 1524 (De) 

Corticosterone 

Pathophysiologic glucocorticoid levels and survival of trans- 
locating bacteria [Jones] 50; (clinical relevance statement) 
[Pruitt] 55 (Ja) 

Corynebacterium acnes see Propionibacterium acnes 

Corynebacterium parvum see Propionibacterium acnes 

Cost Containment see Cost Control 

Cost Control 

Is early prediction of outcome in severe head injury pos- 
sible? [Waxman] 1237 (Oc) 

Surgical care for the uninsured and underinsured [Organ] 
549 (My) 

Underinsured and the uninsured [Allo] 551 (My) 

Costs and Cost Analysis 

Laparoscopic cholecystectomy: technique more important 
than tool (letter) [Schirmer] 1161 (Se) 
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Po se eae trauma [Voeller] 578 (My) 

ect of splenectomy on morbidity and survival following 
curative gastrectomy for carcinoma [Brady] 359; (edito- 
rial comment) [Wright] 364 (Mr) 

Effects of high-dose les on survival of surgical patients 
with sepsis scores of 20 or greater [Dominioni] 236 (Fe) 

Epidemiologic features of nosocomial infections in patients 
with trauma [Pories] 97 (Ja) 

Evolution of the treatment of the injured colon in the 1980s 
semi the f cal dise thh 
Growing s of surgi isease in patients with hu- 
man immunodeficiency virus/acquired immunodeficiency 
syndrome: experience with 120 major cases [Diettrich] 

860; (editorial comment) [Wilson] 866 (Jy) 
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Human immunodeficiency virus: occupational rsk for sur- 
geons (letter) [Krieger] (reply) [Lowenfels] 78 (Je) 

Not all nonpalpable breast cancers are alike [Franceschi] 
967 (Au) 

Pneumonia complicating abdominal sepsis: am indepen- 
dent risk factor for mortality [Mustard] 170 (Fe) 

Prognostic implications of microscopic satellites in patients 
with clinical stage 1 melanoma [León] 1461 (De) 

Prospective randomized trial of perioperative cefazolin treat- 
ment in axillary and groin dissection [Coit] 1866 (No) 

Repair of abdominal aortic aneurysms: a statewide expe- 
rience [Richardson] 614; (editorial comment) [Johnson] 


versal p 

Univ precautions are not universally followed [Cour- 
ington] 93 (Ja) 

Roentgenography see Radiography 

Rural Hospitals see Hospitals, Rural 


S 


Salmonella 

Clostridium difficile disease in a department of surgery: sig- 
nificance of prophylactic antibiotics [Yee] 24} (Fe) 

Management of infected aortoiliac aneurysms [Feddy] 873 
Oy) 

Saphenous Vein 

Donor limb vascular events following femoro-femoral by- 
pare surgery [Veterans Affairs Cooperative Study] 681 

e) 


Patterns of venous insufficiency in patients wita varicose 
veins [Hanrahan] 687 (Je) 
Sarcoma 


Composite tissue transfer in limb-salvage surgery [Krag] 
639 (My) 

Pediatric nonrhabdomyosarcomas of the extremities: in- 
fluence of size, invasiveness, and grade or outcome 
[Rao] 1490 (De) 

Vascular soft-tissue sarcomas: an analysis of turror-related 
mortality [Karpeh] 1474 (De) 


P 

Importance of anatomic site in prognosis in patents with 
cutaneous melanoma [Wong] 486 (Ap) 

Schoenlein-Henoch Purpura see Purpura, Schoenlein-He- 
noch 

Scholarships see Fellowships and Scholarships 

Schools, Medical 

Evaluation of surgery departments in community-based 
medical schools [Folse] 1122; (editorial comment) [Dean] 
1127 (Se) 

Town-gown syndrome: an ancient disease, as yet uncured 
[Baker] 285 (Mr) 

Sciatic Nerve 

Mangled extremity: when to amputate? [Roessler] 1243 
(Oc) 

Scintigraphy see Radionuclide Imaging 

Selenomethionine 

Concomitant benefit of preoperative irradiation im prevent- 
ing pancreas fistula formation after pancreatoe# uodenec- 
tomy [Ishikawa] 885 (Jy) 

Septicemia 

Acute cholangitis secondary to hepatolithiasis Fan] 1027 
(Au) 

Management of infected aortoiliac aneurysms [Reddy] 873 
Uy) 

Tanti necrosis factor and interleukin 1 appearance in ex- 
perimental gram-negative septic shock: the effects of 
plasma exchange with albumin and plasm» infusion 
[Busund] 591 (My) 

Severity of Illness Index 

APACHE II scores in the prediction of multiple organ fail- 
ure syndrome (letter) [Sirio] (reply) [Cerra] =8 (Ap) 

Management of infected aortoiliac aneurysms [eddy] 873 
Jy) 

SGPT see Alanine Aminotransferase 

Shock, Endotoxic see Shock, Septic 

Shock, Hemorrhagic 

Interferon-gamma reverses bone marrow inhibition fol- 
lowing hemorrhagic shock [Livingston] 100 #a) 

7.5% sodium chloride/dextran for resuscitation _of trauma 
patients undergoing helicopter transport [Vassar] 1065; 
(editorial comment) [Sheldon] 1072 (Se) 

Shock, Septic 

Effects of high-dose IgG on survival of surgical patients 
with sepsis scores of 20 or greater [Dominion] 236 (Fe) 

Pneumonia complicating abdominal sepsis: ar indepen- 
dent risk factor for mortality [Mustard] 170 (Fe) ; 

Tumor necrosis factor and interleukin 1 appearance in ex- 
perimental gram-negative septic shock: the effects of 
plasma exchange with albumin and plasme infusion 
[Busund] 591 (My) 

Shock, Toxic see Shock, Septic 

Short Bowel Syndrome 

Short-bowel syndrome in children: quality of lite in an era 
of improved survival [Weber] 841 (Jy) 

Sigmoid Neoplasms 

Endoscopic laser recanalization is effective for prevention 
and treatment of obstruction in sigmoid and rectal cancer 
[Daneker] 1348 (No) 

Silicones 

Topical silicone gel for the prevention and treatment of 

ypertrophic scar [Ahn] 499 (Ap) 

Silver Sulfadiazine 

Effects of topical antimicrobial agents on the human neu- 
trophil respiratory burst [Hansbrough] 603 (My) 

Single-Photon Emission-Computed Tomography see Tomog- 
raphy, Emission-Computed, Single-Photon 

Sinusitis 

Paranasal sinusitis in burn patients following nasotracheal 


intubation [Bowers] 1411 (No) 

Situs Inversus 

Cancer of bile duct with situs inversus [Organ] 1150 (Se) 

Skin Neoplasms 

Malignant melanoma in black Americans: a trend toward 
improved survival [Crowley] 1359 (No) 

Merkel cell carcinoma: prognosis and management [Yieng- 
pruksawan] 1514 (De) 

Prognosis after initial recurrence of cutaneous melanoma 
[Markowitz] 703 (Je) 

Prognostic implications of microscopic satellites in patients 
with clinical stage 1 melanoma [León] 1461 (De) 

Skin Transplantation 

Composite tissue transfer in limb-salvage surgery [Krag] 
639 (My) 

Smoking 

Cigarette smoking decreases tissue oxygen [Jensen] 1131; 
(editorial comment) [Harkin] 1134 (Se) 

SMS 201-995 see Octreotide 

Social Policy see Public Policy 

Society of Surgical Oncology 

Papers presented at the 44th annual cancer symposium of 
the Society of Surgical Oncology, Orlando, FL, March 
bei 1991—Part 1, 1336-1408 (No); Part 2, 1450-1534 
(De) : 

Papers read before the 43rd annual cancer symposium of 
the Society of Surgical Oncology, Washington, DC, May 
19-22, 1990—Part 1, Pgs 302-370 (Mr); Part 2, 424-490 
(Ap) 

Surgical oncology—a specialty or just special?: James Ew- 
ing Lecture [Beahrs] 1408 (No) 

Socioeconomic Factors 

Surgical care for the uninsured and underinsured [Organ] 
549 (My) 

Underinsured and the uninsured [Allo] 551 (My) 

Why surgeons prefer not to care for trauma patients [Es- 
posito] 292; (editorial comment) [Trunkey] 297 (Mr) 

Sodium 

Alterations in host defense associated with anesthesia and 
blood transfusions: II. effect on response to endotoxin 
{[Waymack] 59 (Ja) 

Sodium Chloride 

77.5% sodium chloride/dextran for resuscitation of trauma 
patients undergoing helicopter transport [Vassar] 1065; 
(editorial comment) [Sheldon] 1072 (Se) 

Soft Tissue Neoplasms 

Extremity epithelioid sarcoma: amputation vs local resec- 
tion [Whitworth] 1485 (De) 

Mammographic localization and biopsy of nonpalpable 
breast lesions: a 5-year study [Thompson] 730 (Je) 

Pediatric nonrhabdomyosarcomas of the extremities: in- 
fluence of size, invasiveness, and grade on outcome 
[Rao] 1490 (De) 

Vascular soft-tissue sarcomas: an analysis of tumor-related 
mortality [Karpeh] 1474 (De) 

Somatostatin 

Control of dumping symptoms by somatostatin analogue 
in patients after gastric surgery [Gray] 1231 (Oc) 

Somatostatin-14 see Somatostatin 

Somatotropin 

Effect of exogenous growth hormone on whole-body and 
isolated-limb protein kinetics in burned patients [Gore] 
38 (Ja) 

Specialties, Medical 

Anatomical wax preparations in the Josephinum in Vi- 
enna, Austria: (on the improvement of surgical educa- 
tion 200 years ago) [Holubar] 421 (Ap) 

Evaluation of surgery departments in community-based 
medical schools [Folse] 1122; (editorial comment) [Dean] 
1127 (Se) 

Graduate surgical education from a ‘town’ perspective 
[Rainer] 287 (Mr) 

Inguinal herniorrhaphy: reduced morbidity by service stan- 
dardization [Deysine] 628; (editorial comment) [Norton] 
630 (My); correction, 976 (Au) 

Reflections on my surgical residency [Zenilman] 1176; [Wa- 
terhouse], 1177 (Oc) 

Surgeons, surgery, and immunomodulation [Meakins] 494 
(Ap) 

Sugari and surgical education on the Pacific coast in the 
19th century, President's Address [Johnson] 1180 (Oc) 

Surgical oncology—a specialty or just special?: James Ew- 
ing Lecture [Beahrs] 1408 (No) 

Who speaks for general surgery? [Block] 1333 (No) 

Sphincterotomy, Transduodenal see Sphincterotomy, Tran- 
shepatic 

Sphincterotomy, Transhepatic 

Biliary patency imaging after endoscopic retrograde sphinc- 
terotomy with gallbladder in situ: clinical impact of non- 
visualization [Holbrook] 738 (Je) 

Splanchnic Circulation 

Effects of positive end-expiratory pressure on splanchnic 
circulation and function in experimental peritonitis 
[Arvidsson] 631 (My) 

Spleen 

Cytotoxic T-lymphocyte clone derived from mice with pro- 
gressively growing tumors [Hoover] 447; (clinical rele- 
vance statement) [Jessup] 452 (Ap) 

Modulation of IgM antibody formation by lipid peroxida- 
tion products from burn plasma [Thomson] 973; (edito- 
rial comment) [Demling] 976 (Au) 

Splenectomy 

Effect of splenectomy on morbidity and survival following 
curative gastrectomy for carcinoma [Brady] 359; (edito- 
rial comment) [Wright] 364 (Mr) 

High rate of portal thrombosis after splenectomy in pa- 
tients with esophageal varices and idiopathic portal hy- 
pertension [Eguchi] 752 (Je) 


Subject Index 


Inflammatory pseudotumors of the spleen [Safran] 904 (Jy) 
Splenic Neoplasms 
Inflammatory pseudotumors of the spleen [Safran] 904 (Jy) 


Selective val shunt: report of 26 cases and review 

of the eee [Atta] 582 (My) all 
vein thrombosis distal spleno- 
"'Genal shunt fen) 1011 (Au) 
Neoplasm see 

Stains and Staining 

Detection of submicroscopic h node metastases in 
patients with melanoma [Heller] 1455; (editorial 
comment) [Morton] 1460 (De) 

K detection 
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prostatic carcinoma [Murphy] 1404 (No) 
aureus 


empyema: the primary pro- 
1287 (Oc 

gement of infected aortoiliac aneurysms [Reddy] 873 

btereotaxic Techniques 
biopsy: initial experience with 300 patients [Mitnick] 1137 
(Se) 


zare we 


ment) ried 763 (Je) 
Btemum 
tic vein and retrohepatic vena caval injuries in chil- 
: sternotomy first? [Moulton] 1262 (Od 
Steroids 
Acute diverticulitis: a complicated problem im the immu- 


j tient ] 855 (Jy) 
eed pel bl n ipie 
transplantation [Castaldo] 149 (Fe) 
pact of i on surgery for the treatment 
of peptic ulcer disease [Bliss] 609 (My) 
Pneumonia licating abdominal an 


dent risk factor for mortality [Mustard] 170 (Fe) 


gut permeability folowing burn trauma [Ep- 
a a and their rela to 
7 nerve, secretions, re 
a a a | yl 


for carcinoma [Brady] 359; (edito- 
rial comment) [Wright] 364 (Mr) 

lorbidity of radical lymphadenectomy in the-curative re- 
_ section of gastic carcinoma [Smith] 1469 (D=) 

tomach Volvulus 
soy volvulus in the pediatme papulation [Miller] 1146 
Se) 


surgical débridement in 125 human bites to 
_ the hand [Basadre] 65 (Ja) 
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terhouse], 1177 (Oc 
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the hand — 65 (Ja) 
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spectrum of surgical disease in patients with hu- 
aapa it vredan virus/acquired immunodeficiency 
syndrome: experience with 120 major cases [Diettrich] 
860; (editorial comment) [Wilson] 866 (Jy) 


indac inhibits the rate of growth and a 
colon tumors in the rat [Skinner] 1094 (Se) 


i melanoma in black Americans: a trend toward 
improved survival [Crowley] 1359 (No) 


Adverse wound environment activates leukocytes prema- 
i meewephane fora 
on im severe protein-en 
malnutrition os 192 (Fe) ad 


suppressor Cells 

-ymphokine-activated killer cell:suppressor factor in ma- 
lignant effusions [Pelton] 476 (Ap) 
Mechanism of surgical stress impairment of human peri- 
operative natural killer cell cytotcxicity [Pollock] 338; 
(clinical relevance statement) [Donegan] 342 (Mr) 


»uppuration 
"yogenic liver abscess: modern treatment [Stair] 991 (Au) 
burgery, Laser see Laser Surgery 
vurgery, 
tile duct carcinoma in the elderly: a rationale fer surgical 
management [Saunders] 1186 ‘Oc) 
Sees saan: déja vu [Organ] 1335 (No) 
valuation of departments in community 
re “pte [Folse] 1122; (editorial comment) [Dean] 
nflammatory breast cancer [Moere] 304 (Mr) 
ne of us [Ashbaugh] 813 dy) 
and prospect: ruminations after the first decade 
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of the Surgical Infection Society [Condon] 19 (ja) 
, Surgery, and immunomodulation [Meakins] 494 
(Ap) 


and surgical education on the Pacific coast in the 
19th century, President’s Address [Johnson] 1180 (Oc) 
Surgical —a specialty or just special?: James Ew- 
ing Lecture [Beahrs] 1408 (No) 
Value of surgical history [Rutkow] 953 (Au) 
Who speaks for general surgery? [Block] 1333 (No) 
Plastic 
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Chronic mesenteric vascular syndrome: results of recon- 
structive surgery [Geelkerken] 1101; (editorial comment) 
[Porter] 1106 (Se) 


Surgery, Repeat see Reoperation 

Surgical Anastomosis see Anastomosis, Surgical 

Surgical Flaps 

Adverse wound environment activates leukocytes prema- 


turely [Moelleken] 225 (Fe) 


A transfer in limb-salvage surgery [Krag] 
SURGICAL HISTORY 
Vagus nerve, secretions, and their relationship to 


gastric 
peptic ulcer disease [Burden] 259 (Fe) 
Surgical Infection Society 
Papers read before the 10th meeting of the 
Pour mg eama 


Surgical Society, 
1990, 19-97 i an 143-253 (Fe) 
ruminations after the first decade 
«ofthe Surgical fection Society [Condon] 19 (Ja) 
Surgical Instruments 
of incisional time, blood loss, and 
surgery [Peariman] 1018 (Au) 
see Reoperation 


Surgical Revision 
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Arterial hemorrhage after pancreatoduodenectomy: 
‘sentinel bleed’ [Brodsky] 1037; (editorial comment) 
[Moossa]} 1040 (Aa) 

Cigarette smoking decreases tissue oxygen [Jensen] 1131; 
(editorial comment) [Harkin] 1134 (Se) 
d Infection 


Wound 
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= ee oaut TiDi (editorial comment) [Yurt] 
Prospective randomized trial of 
ment in axillary and groin di a EE Ai 
Survival Rate 


Race and liver transplantation [Gonwa] 1141 (Se) 


Evolution of the treatment of the injured colon in the 1980s 
[Burch] 979 (Au) 

Neutrophil-dependent decrease in early wound margin 
strength [Jonsson] 1423 (No) 

Swine 


Effects of positive end-expiratory pressure on splanchnic 
tion and function in experimental peritonitis 


permeability in endotoxic pigs: 
senterie hypoperfusion as an etiologie factor [RRK] 21 
jar eanrpdrnrkaranaarer ak ipn rih? 


the effects of 
[Busund] 591 (My) 


Tachycardia 
Lateral thoracotomy for the automatic implantable defibril- 
B coo en 778 (Je) 


Natal history of multiple endasin rary ke od 


935 (Au) 
Technetium 


ging in the localization of 
gastrointestinal bleeding [Bentley] 821 (Jy) 

Teflon see Polytetrafiuoroethylene 

ee 

Humoral immunity in surgical patients with and without 
Scouse PE 343 ee) a 


Tetanus Toxoid 

Humoral immunity in surgical patients with and without 
trauma [Schneider 143 (Fe) 

Tetracemate see EDTA 

TFE see Polytetrafluoroethylene 

Thallium Radioisotopes 
i thallium scanning in the evaluation of cor- 
onary disease in elective abdominal aortic surgery 
[Strawn] 880 (Jy) 


Decortication for childhood em 


pyema: the primary pro- 
vider’s peccadillo [Kennedy] 1287 (Oc) 
Timing of invasive procedures in therapy for primary and 


secondary spontaneous 
764; (editorial comment) [Demetriades] 766 (Je) 


Lateral thoracotomy for the automatic implantable defibril- 
lator [Slater] 778 (Je) 

Surgical management of pneumothorax in patients with 
acquired maie ep a syndrome [Gerein] 1272 (Oc) 

Thrombocytes see 
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ia as a result of balloon-catheter 
y [McGurrin] 786 (Je) 
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Thromboembolism 

Myointimal ja as a result of 

l [McGurrin] 786 (Je) 

Bilateral iliac vein filtration: an effective alternative to caval 
filtration in patients with megacava [Ramchandani] 390; 
(editorial comment) [Greenfield] 393 (Mr) 

Effect of donor-disseminated intravascular coagulation in 
ee 


ane «eee 


gery: ] 1011 (Au) 
Effect of dietary fish oil on plasma and 
on 
F, aye levels in septic rats [Muak- 
=i 179; ( relevance statement) [Deitch] 182 
Thymidine 
In vivo measurement of breast cancer growth rate [Good- 
son] 1220 (Oc) 
id Gland 
Avoiding reoperation for indeterminate thyroid nodules 
identified as after surgery [Block] 598; (edi- 
torial comment) [Clark] 602 (My) 


Thyroid Neoplasms scterminatethyvosd nada 
identified as mali after surgery [Block] 598; (edi- 


torial comment) [Clark] 602 (My) 
i lymphoma of the thyroid [Skars- 
gard] 1199 (Oc) 
Current analysis of primary lymphoma of the thyroid [Skars- 
roi 1199 (Oc) 
analysis of primary lymphoma of the thyroid [Skars- 
ie | 
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Tibial Nerve 
“> extremity: when to amputate? [Roessler] 1243 
Effect of donor-disseminated coagulation 
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[Esquivel] 1278 (Oc) 
Tissue 
High-dose radiation and radical 


gamma detection probe with 

imaging in colon cancer [Kuhn] 1398 (No) 
Tomography, 

i the primary pro- 


malignant 
tibodies [Wasselle] 481 (Ap) 
Paranasal sinusitis in burn 


intubation [Bowers] 1411 (No) 
Pilot of sphi ing management of 


Paranasal sinusitis in burn patients following nasotracheal 
intubation [Bowers] 1411 (No) 
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ransplantation, Liver ranspiantation 
Transport of Wounded and Sick see Transportation of Pa- 
Transportation of Patients 


Trauma of a rural hospital [Zulick] 1427; (edi- 
torial comment) [Jacobs] 1430 (No) 
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7 res inerenti sec nates 
with trauma [Pories] 97 (Ja) 
Trauma experience of a rural hospital [Zulick] 1427; (edi- 
torial comment) [Jacobs] 1430 (No) 
Trauma in pregnancy: predicting 
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Tumor Antigens see Antigens, Neoplasm 
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Lucy Wortham James Basic Research Award: markers of 
prostatic carcinoma [Murphy] 1404 (No) ; 

Prognostic factors in primary retroperitoneal soft-tissue 
sarcomas [Bevilacqua] 328 (Mr) y 

Ubiquitin hybrid protein gene expression d 
colon cancer progression [Mafune] 462 (Ap) 


outcome [Kiss- 


[Waymack] 59 (Ja) 
plastic catheters: how they potentiate tumor 
necrosis factor release and exacerbate as- 


sociated with sepsis [Martin] 1087 (Se) 

Organ interactions in sepsis: host defense and the ic- 
pulmonary axis [Callery] 28; (clinical rele- 
vance statement) [Condon] 32 (Ja) 

Tumor necrosis factor alone does not explain the lethal 
effect of lipopolysaccharide [Sanchez-Canta] 231 (Fe) 
Tumor necrosis factor and endotoxin can cause neutrophil 
separate pathways [Moore] 70; (clin- 


Tumor necrosis factor and interleukin 1 in ex- 


Tumor-Derived Activated Cells see Lymphocytes, Tumor- 
infiltrating 
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colon cancer progression [Mafune] 462 (Ap) 


Calciphylaxis in secondary hyperparathyroidism: 
sis and parathyroidectomy [Duh] 1213 (Oc) 
decreases tissue oxygen [Jensen] 1131; 
(editorial comment) [Harkin] 1134 (Se) 


Ultrasonic Diagnosis see 

Ultrasonics 
biopsy: initial experience with 300 patients [Mitnick] 1137 
(Se) 


in acute gallstone pancreatitis: inci- 

dence and clinical sgvaificanse [Orta] See; (editorial com. 
ment) [Warshaw] 568 (My) 

Patterns of venous insufficiency in patients with varicose 


Donor limb vascular events following femoro-femoral by- 
a Se = 
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dardization [Deysine] 628; (editorial comment) [Norton] 


630 (My); correction, 976 (Au) 
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Prognostic implications of microscopic satellites in 

with clinical stage 1 melanoma [León] 1461 (De) 
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with trauma [Pories] 97 (Ja) 
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Vagotomy 

Gastric emptying after with and without 
proximal gastric vagotomy eunicona} 14% (No) 

Vagus nerve, gastric secretions, and their relationship to 
peptic ulcer disease [Burden] 259 (Fe) 

Vagus Nerve 

Vagus nerve, gastric secretions, and their relationship to 
peptic ulcer disease [Burden] 259 (Fe) 

Vaporization, Laser see Laser Surgery 


Vascular Patency 
Donor limb vascular events ing femors-femoral by- 
ee ee 681 
e 
Flexible to iteal vein grafts in patients 


Limb salvage vs ampu 
of vascular surgery [Taylor] 1251 (Oc) 

Long-term results following surgical management of aortic 

graft infection [Quifiones-Baldrich] 507 (Æp) 

Vascular Surgery 


Combined hepatic and vena caval resection with autoge- 
nous caval graft ny NE PVE [Miller] 106 (Ja) 

Enteric bacteria and ingested inert particles translocate to 
intraperitoneal prosthetic materials [Mora] 157 (Fe) 

Hepatic vein and retrohepatic vena caval myuries in 
dren: sternotomy first? [Moulton] 1262 (Gc) 

Limb salvage vs amputation for critical ischemia: the role 
of vascular surgery [Taylor] 1251 (Oc) 

Surveillance for recurrent stenosis after end»vascular pro- 
cedures: a prospective study [Miller] 867; @ditorial com- 
ment) [Strandness] 872 (Jy) 

Vasculitis 

Lower extremity arterial disease in systemiclupus erythe- 
matosus [Wheatley] 109 (Ja) 


Vasoconstriction 

Cigarette smoking decreases tissue oxygere(Jensen] 1131; 
(editorial comment) [Harkin] 1134 (Se) 

Vasoconstrictor Agents, Nasal 

Paranasal sinusitis in burn patients following nasotracheal 
intubation [Bowers] 1411 (No) 

Vater’s Ampulla 

Indications for and the technique of local msection of tu- 
mors of the of Vater [Farouk] 650; -editorial com- 
ment) arama: d 652 (My) 

Radical resection for carcinoma of the ampulla of Vater 
[Monson] 353 (Mr) 

Vena Cava Filters 

Bilateral iliac vein filtration: an effective altesnative to caval 
filtration in patients with megacava [Ramchandani] 390; 
(editorial comment) [Greenfield] 393 (Mm 

Vena Cava, Inferior 

Bilateral iliac vein filtration: an effective altemnative to caval 
filtration in patients with megacava [Ramchandani] 390; 
(editorial comment) [Greenfield] 393 (Ma 

Combined hepatic and vena caval resection with autoge- 
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Venous Insufficiency 
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pass surgery [Veterans Affairs Cooperative Study] 681 
Je) 

Limb salvage vs amputation for critical iscnemia: the role 
of vascular surgery [Taylor] 1251 (Oc) 
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Washington 

Why surgeons prefer not to care for trauma patients [Es 
posito] 292; (editorial comment) Levee 297 (Mr) 

Water-Electrolyte Balance see Fluid Balance 

Waxes 

Anatomical wax preparations in the Josephinum in V 
enna, Austria: (on the im ement of surgical educi 
tion 200 years ago) (Holuter] 421 (Ap) 

Weight Loss 

Radical resection for carcinoma of the ampulla of Vate 
[Monson] 353 (Mr) 

Wermer Syndrome see Neoplasms, Multiple Endocrine 
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One of us [Ashbaugh] 813 (Jy) 
Papers read before the 98th annual meeting of the Westert 


Association, Scottsdale, Ariz, November 12 t 
14, 1990, Part 1, 817-880 (Jy); Part 2, 957-1021 (Au) 
Intestinal 


agg s Disease see Lipodystrophy, 
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improved survival | [Crowley] 1359 (No) 

World Health 

Narrow excision (1l-cm margin): a safe procedure for this 
cutaneous melanoma [Veronesi] 438 (Ap) 

Wound Healing 

Wound healing after anorectal surgery in human immu 
nodeficiency virus-infected patients [Burke] 1267 (Oc) 

Wound Infection 

Fungal burn wound infection: a 10-year experience [Becker 
44 (Ja) 

Pathophysiologic glucocorticoid levels and survival of tran. 
locating bacteria [Jones] 50; (clinical relevance statement 
[Pruitt] 55 (Ja) 

Wounds and Injuries 

Effect of a trauma system on the outcome of patients wit! 
pancreatic trauma [Voeller] 578 (My) 

Endoscopic cholecystectomy: an analysis of complication 
[Wolfe] 1192 (Oc) 

Humoral immunity in surgical patients with and withor 
trauma [Schneider] 143 (Fe) 


Trauma in pregnancy: predicting pregnancy outcome [Kis 
inger] 1079 (Se); correction, 1524 (De) 

Why I prefer not to treat trauma patients (letter) [Sloar 
(reply) [Trunkey] 1042 (Au) 

Why surgeons prefer not to care for trauma patients [] 
posito] 292; (editorial comment) [Trunkey] 297 (Mr) 

Wounds, Gunshot 

Effect of donor-disseminated intravascular coagulation 
liver tation [Cheng] 1292 (Oc) 

Prediction of injury caused by ting wounds to t 
abdomen, flank and back [McCarthy] 962 (Au) 

Wounds, Nonpenetrating 

Transesophageal echocardiography: preliminary results 
patients with traumatic aortic rupture [Sparks] 711 Q 

Wounds, P 

Mandatory exploration for penetrating abdominal wouns 
(letter) [Adams] 115 (Ja) 

Prediction of injury caused by ting wounds to ti 
abdomen, flank and back [McCarthy] 962 (Au) 

Prospective, randomized comparison of computed tomo# 
raphy with conventional diagnostic methods in the evë 
uation of penetrating injuries to the back and flank [Ea 
ter] 1115 (Se) 

Wounds, Stab 

Prediction of injury caused by penetrating wounds to tt 
abdomen, flank and back [McCarthy] 962 (Au) 


Z 


Zollinger-Ellison Syndrome 

Zollinger-Ellison syndrome: a new look at regression € 
gastrinomas [Delcore] 556 (My) 

Zymosan 

Does selective decontamination of the gastrointestinal trae 
prevent multiple organ failure?: an experimental studi 
[Goris] 561 (My) 

Effects of gran hage colony-stimulating fas 
tor in burn patients [Cioffi] 74 (Ja) 

Studies of the route, magnitude, and time course of bas 
terial translocation in model of systemic inflammatio 


[Mainous] 33 (Ja) 


Subject Inde 


Classified Advertising 


All classified acvertising orders, correspondence and payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
Floride 34617. Dur telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or related corre- 
spondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquirigs abou "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, C/o AOS, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Surgery. 


Sat 
od (4 
g 

R 


Q 


Box 











CLASSIFIED 
n INFORMATION 


— 


ae 


Regular Classified 1 Time 3 times 

or more“ 
Cost per word $1.80 $1.65 
Minimum ac: 20 words per issue 


*In order to earn the three-time rate, your ad nust be placed 
and prepaid at the same time fer three or more issues. 


Counting Words: Two initials are considered 
One word, each abbreviation is considered one 
word, and figures consistinc of a dollar sign and 
five numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
‘and "Salt Lake City". Zip zode is considered 
9ne word and must appear in all ads. Tele- 
phone number with area code is considered 
one word. When box numbers are used for 
replies, the words "Box —, c/o AOS" are to be 
“counted as three words. 


Classified Display 1 Time 3 times 

or more” 

“ull page $1,532 $1,332 
“wo-thirds page 1,305 1,135 
One-half page 1,072 932 

» ne-third page 845 736 

g Ne-sixth page 391 339 
a roolumn inch 115 100 


« inimum display ad: one column inc 
; 2-time and 24-time rates available on request. 







Jisplay Production Charge: The putlication will 
b-set advertisements upor request. The type- 
Setting feeis 10% of the ene-time ad cost shown 
above. Special requests will be billed to the 
“advertiser and/or agency at the them prevailing 
‘vates. 


S 
Box Service 
Available for all ads. The cost is $20.00 for the 
irst issue only. Responses to your ad will be 
nsolidated in our office and promptly mailed 
irectly to you. 








flosing Date 
fhe 25th of the second month prior to the issue 
_ date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
í the closing date. 


$. Send allcopy, correspondence, production 


pa materials and payments to: 
%, ARCHIVES 
A OF 
é Surgery 
Classified Department 


P.O. Box 1510, Clearwater, Florida 34617 


;, For assistance with your ac schedule call toll free: 
( 800-237-9851 @ 813-443-7566 








_ Professional Opportunities 


BC/BE GENERAL SURGEON needed at 54-bed, 
state-of-the-art facility. The practice is pre-devel- 
oped and supported by a well-established referral 
base. Set in a pristine Missouri River community, 
the area offers a wealth of water recreational activi- 
ties, excellent schools, and affordable housing. 
Tremendous financial potential. All interviewing and 
relocation expenses paid by hospital. Send CV or 
call: Jeff Zarr, Jackson and Coker, Inc., 115 Perime- 
ter Center Place, Suite 380 11183, Atlanta, GA 
30346. Telephone: (800) 544-1987. 


NORTH PLATTE, 
NEBRASKA 


BC/BE general surgeon with vascular interest to 
join or associate with busy group OR go solo with 
coverage and support. Patient base of 100,000; 
progressive 130-bed regional hospital. Extensive 
outdoor recreational activities. Beautiful lakes, 


hunting and fishing. Safe, family-oriented environ- 
ment. Excellent school system and college. Com- 
plete benefit package. 
Marcia Norris 
GREAT PLAINS REGIONAL MEDICAL CENTER 


601 West Leota, North Platte, NE 69103 
(800) 762-7090 


GENERAL SURGEON: Marshfield Clinic, a 400- 
physician, dynamic multi-specialty private group 
practice, is seeking BE/BC general surgeons to join 
its expanding regional centers in Chippewa Falls 
and Park Falls, Wisconsin. Only a phone call away 
from the "hub" clinic and colleagues, practice in the 
centers offers autonomy yet the support of the large 
group practice. Each position offers the combination 
of exceptional practice opportunities with the high- 
est quality of life, including an abundance of recre- 
ational choices and excellent school systems. 
Chippewa Falls is ideally located between the urban 
area of Minneapolis/St. Paul and the woods, lakes 
and cottages of the northwest part of the state. Park 
Falls offers a location among almost one million 
acres of scenic public land and is only an hour from 
the beautiful Upper Peninsula of Michigan and Lake 
Superior. If the combination of professional excel- 
lence and the highest quality of living appeals to 
you, please send CV and three references to: Lee 
A. Hilgart, Assistant Director, 1000 North Oak 
Avenue, Marshfield, WI 54449. Or call: (800) 782- 
8581, Extension 3725. 


GENERAL SURGEONS needed for busy, well 
established southern Oregon practice. We are seek- 
ing board-eligible/-certified surgeons who are looking 
for a long term association. Excellent opportunity to 
practice quality patient care in the beautiful Pacific 
Northwest. Our community is surrounded by excel- 
lent schools and many cultural and recreational 
facilities. Outstanding benefit package including 
CME, vacation, malpractice, disability, and health 
insurance. Please send CV and letters of reference 
to: Box #934, c/o AOS. 


GENERAL SURGEON, board-certified with training 
in vascular surgery and/or GI endoscopy preferred 
to join VA Medical Center in Martinsburg, West Vir- 
ginia, a 377-bed hospital, 120-bed nursing home 
and 520-bed domiciliary, located 75 miles from 
Washington, DC in the Shenandoah Valley. Com- 
prehensive benefit package including relocation 
expenses. Please contact: S. Daly, Surgical Ser- 
vice, VAMC, Martinsburg, WV 25401. (304) 263- 
0811, Extension 3557. 








Professional Opport 


NORTHERN VIRGINIA — General Surgery: Live in 
the beautiful Shenandoah Valley in the Blue Ridge 
Mountains. Luray, Virginia, home of Luray Caverns, 
is located only an hour and a half from Washington, 
DC. Associate with one other general surgeon work- 
ing out of a 54-bed hospital. Net income guarantee 
of $150,000 to $160,000. All interviewing and relo- 
cation expenses paid. Send CV or call: Doug Hen- 
derson, Jackson and Coker, Inc., 115 Perimeter 
Center Place, Suite 380 11283, Atlanta, GA 30346. 
Telephone: (800) 544-1987. 





BC/BE GENERAL/VASCULAR SURGEON. Tho- 
racic experience or desire to train. Multi-specialty 
group. Start 1991 or 1992. Contact: David Manke, 
MD, West Side Clinic, SC, Post Office Box 19070, 
Green Bay, WI 54307-9070. 


GENERAL/VASCULAR SURGEON: Two-person 
surgical group seeks a U.S.A. trained BC/BE sur- 
geon with general and vascular surgery and endo- 
scopic experience. Growing northeast Wisconsin 
community, stable economy and three progressive 
hospitals having all medical services available. 
Excellent location for outdoor activities and easy 
access for travel. Excellent salary and benefits lead- 
ing to partnership. Send CV to: Box 930, c/o AOS. 








Why waste 
another second? 


Need General Surgery Coverage? 
Let Jackson and Coker's Locum 
Tenens Division provide the answer 
to all your staffing needs... vacations, 
illnesses, retirements, CME's or coverage 
while you recruit a permanent physician. 
For short or long term coverage call 
1-800-272-2707 ext. 61 today and 
let our professional staff go to 
work for you. 


JACKSON 
AND COKER 


LOCUM TENENS DIVISION 























115 Perimeter Center Place / Suite 380-ARS2 / Atlanta, Ge rgia 30346 





GENERAL SURGEON to join two university trained 
general surgeons in a busy practice. Our midwest- 
ern community of 100,000 has two modern hospi- 
tals, one of which is a Level Il trauma center with 
400 plus beds, with many subspecialists. Available 
immediately, but prefer 1991 or 1992 graduate. 
Reply: Surgeon Recruitment, 700 - 4th Street, Suite 
400, Sioux City, IA 51101. 


NEW HAMPSHIRE — General surgery, full spectrum 
practice. Laparoscopic cholecystectomy, endoscopy 
and C-sections. Modern, acute care hospital in 
beautiful Dixville Notch region. Generous financial 
package. Send CV to: New England Health Search, 
63 Forest Avenue, Orono, ME 04473, Call: (207) 
866-5680. 
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EXCEPTIONAL PARTNERSHIP opportunity with 
highly successful and respected general/vascular 
surgeon. Candidate must have recent vascular train- 
ing or experience. Beautiful, midwestern community 
of 25,000 has a four-year state university. Highly- 
regarded, 155-bed hospital provides all necessary 
services. Enjoy low cost of living, excellent lifestyle, 
and wholesome, family-oriented recreational and 
cultural amenities. $140,000 salary plus bonus with 
no buy-in for partnership. Please respond quickly. 
Send CV or call: Todd Dillon, Jackson and Coker, 
Inc., 115 Perimeter Center Place, Suite 380 11487, 
Atlanta, GA 30346. Telephone: (800) 544-1987. 


BC/BE GENERAL SURGEON to join busy estab- 
lished growing four BC general surgical group in 
suburban Puget Sound. Competitive financial pack- 
age. Please send CV to: Box #933, c/o AOS. 


SHELTON, WASHINGTON 


Seeking a BC/BE general surgeon for a growing 
surgical practice in a rural hospital setting. Position 
includes a 68 bed hospital with a ten million dollar 
expansion to be completed fall 1992. The combina- 
tion of the Pacific Northwest and the challenge and 
variety of a rural hospital creates an ideal opportuni- 
ty for a second general surgeon. Quality living, 
unlimited year-round activities, friendly safe environ- 
ment with a close proximity to metropolitan areas. 
Competitive compensation package. Send CV to: 





















Shelton, Washington, 98584 
FAX (206) 427-956 






CALIFORNIA COASTAL COMMUNITY — Multi- 
specialty group of 57 physicians has an opening for 
a general surgeon to join an expanding, busy, group 
practice. This opportunity is located in a moderate 
sized city with sunny beaches and excellent opportu- 
nities for outdoor activities, 25 miles south of Santa 
Barbara and 60 miles north of Los Angeles. Com- 
pensation is competitive. Fringe benefits are excel- 
lent. Shareholdership possible after one year. For 
information, contact: Barbara Topping, Buenaventura 
Medical Clinic, 2705 Loma Vista Road, Ventura CA 
93003. 


JOIN US IN SOUTH DAKOTA. We are a successful 
group who enjoy our work and patients. We practice 
high quality medicine in an environment with no 
HMO's, low malpractice, and no state income tax. 
You are a BC/BE practicing surgeon or resident 
who wants a broad practice. You can do vascular, 
thoracic, surgical endoscopy, and laparoscopy and 
be free from large city “turf wars” in a wonderfully 
outfitted regional hospital. You want friendly people, 
good schools, easy lifestyle, and high income. Call 
or write: Robert Hohm, MD, Tschetter-Hohm Clinic, 
455 Kansas Southeast, Huron, SD 57350. (605) 
352-8767. 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician you 
want. To schedule your ad call our "Classified Adver- 
tising” office: National (800) 237-9851; Florida (813) 
443-7666. 


GENERAL VASCULAR SURGEON, BC/BE to join 
busy two-person practice, affiliated with 600-bed 
fully accredited teaching hospital in northwest New 
Jersey. Must have vascular fellowship. Excellent 
professional situation with sound financial opportu- 
nity in beautiful suburban area, 35 miles from New 
York City. Reply: P.O. Box 935, c/o AOS. 


GENERAL AND VASCULAR SURGEON to join a 
busy, four surgeon practice on Long Island, New 
York. Must have at least one year of vascular fellow- 
ship. Excellent financial benefits and early partner- 
ship. Send CV to: South Shore Surgical Specialists, 
786 Montauk Highway, West Islip, NY 11795. 





PLEASE NOTE -— Address replies to box number 
ads as follows: Box number _______ , c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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SURGICAL ONCOLOGY FELLOWSHIP 


The Presbyterian Surgical Oncology Foundation is offering a two-year fellowship at the 
Presbyterian Cancer Center. This fellowship is offered to individuals who are board 
eligible/certified in general surgery. 


The first year consists of expesure to non-surgical aspects of oncology and involves 

rotations in radiation oncology, medical oncology, surgical pathology, as well as i 
experience in the clinical immunology laboratory. The second year is an operating year 

in the Division of Surgical Oncology where, under supervision, the fellow performs 

major cases and oversees residents and medical students involved in the care of these patients. 


The Presbyterian Medical Center of Philadelphia is an affiliate institution of the 
University of Pennsylvania and offers fellowship programs in cardiology, pulmonary 
medicine, gastrointestinal medicine, and hematology/oncology. Interested candidates 
please send a letter of interest and curriculum vitae to: 


James L. Weese, M.D., FACS 
Chief, Surgical Oncology 
Presbyterian Medical Center of Philadelphia 
Director, Presbyterian Cancer Center 
Clinical Professor of Surgery 
University of Pennsylvania 
School of Medicine 


Presbyterian Cancer Center 
39th & Market Streets 
Philadelphia, PA 19104 


Equal Opportunity Employer 





MINORITY MEDICAL FACULTY 
DEVELOPMENT RESEARCH FELLOWSHIPS 


The Minority Medical Faculty Development Program, sponsored | 
by the Robert Wood Johnson Foundation, has up to twelve new posi- | 
tions available beginning in 1993. The program offers postdoctoral 
research fellowships to physicians from under-represented minority 
groups as defined by the Association of American Medical Colleges. 
These individuals must have demonstrated superior academic and | 
clinical skills and have committed themselves to careers in academic | 
medicine with special interest in either BIOMEDICAL RESEARCH, | 
CLINICAL INVESTIGATION OR HEALTH SERVICES RESEARCH. 
The fellowship supports four consecutive years of research. Each Fel- 
low selected will receive an annual stipend of up to $50,000 with 5% 
increases per year and a fixed $25,000 annual grant toward support of | 
research activities. f 

In addition to the above stated eligibility requirements, applicants 
must be U.S. citizens and must have completed their formal clinical | 
training by the projected time of entry into the program. | 

Applications for appointment in 1993 must be submitted by April — | 
30, 1992. Interviews with selected applicants will be carried out in July 
1992, and successful candidates will be notified in November 1992. 


For further information and application materials, contact: 


Harold Amos, PhD, Program Director 
or Charlotte Litt, PhD, Deputy Director, 
_ Robert Wood Johnson Foundation 
Minority Medical Faculty Development Program 
Harvard Medical School 
P.O. Box 446 « Brookline Village, MA 02147 
Telephone: (617) 732-1947 





Humana has 


Ehe right locations. 


Group, associate and scolo opportunities are 
available in a variety of sett ngs. Here are a 





few to pick from: 
General Surgeons 
Alabama 
Central Florida 


Newnan, 


GA 


Neurosurgeons 
Montgomery, AL 
Central Florida 
New Orleans, LA 
Lebanon, TN 
Layton, UT 


Otolaryngoiogists 
Alabama 

South Florida 
Atlanta, GA (area) 
Louisa, KY 
Somerset, KY 
Louisiana 


Natchez, 


MS 


Layton, UT 

Bluefield, WV 
Greenbrier Valley, WV 
Orthopedic Surgeons 
Alabama 


Phoenix, 


AZ 


Denver, CO 
Central Florida 


Call TOLL-FREE 1-800-626-1590, or send your 
curriculum vitae to: Manager, Professional 





SOUTHWEST MICHIGAN — Genera! surgeon: Busy 
Surgical practice seeking a third associate. Medical 
community and hospital totally supportive. Offering 
guaranteed income, extensive benefits, and relocat- 
ing expenses. Family community with stable econo- 
my. Outstanding recreational area both summer and 








Orthopedic Surgeons winter. Reply: Box #936, c/o AOS. 

South Florida 

Atlanta, GA -areq) BC/BE GENERAL SURGEON needed to join two 
Chicago, IL physician department in 25 doctor multi-specialty 
Dodge City, KS clinic. Mountain locale. Guaranteed salary. Excel- 
Lexington, KY lent benefits. CV to: Mike McCraley, Ogden Clinic, 
Somerset, KY 4650 Harrison, Ogden, UT 84403. (800) 234-5637. 
eal en ATTENTION PHYSICIAN RECRUITERS. The "Clas- 
Winnfield. LA sified Advertising" sections now in all nine AMA Spe- 
lebanon. TN cialty Journals target the physician you want. These 
Morristown “N highly visible sections put your message in the hands 
Beaumont Y of every specialist that qualifies for your professional 


opportunity, every month. To place the ad of your 


College Station, TX choice, any size, call toll free: (800) 237-9851: Local 


Corpus Christi, TX 





1 -7666. 

Houston, TX es) ans 7686 
Richlands, VA SURGICAL ONCOLOGIST - Adirondack, Lake 
Urclogists Champlain region, New York: Opportunity to join a 
Or ando, FL general surgeon offering a generous salary and 
Augusta, GF benefits leading to partnership in the second year. 
Louisa, KY Champlain Valley Physicians Hospital Medical Cen- 
Somerset. KY ter, a 420-bed hospital, has a new regional cancer 
Ville Platte. LA center which offers a variety of interesting case- 
Colle Station TX loads. Plattsburgh, a college community of 40,000, 

ge offers extraordinary family environment in combina- 
San Antonic: TX tion with a variety of recreational Opportunities cen- 
Layton, UT tered on Lake Champlain, the Olympic Lake Placid 


region and Montreal. For more details please con- 
tact: Hannah Hanford, Box 1656, Plattsburgh, NY 
12901. (518) 643-2998. 


Relations, Humana Inc., Dept. 00-12, PO. Box 


1438, Louisville, KY 40201-4438. 
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PLEASE NOTE -— Address replies to box number 
ads as follows: Box number —— | , C/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 





Surgical Critical Care 
Fellowship 


St. Louis University offers a fully accredited one 
year fellowship in surgical critical care. University 
Hospital is one of three level | trauma centers in St. 
Louis and has an active trauma service which 
admits ebout 1200 patients per year. Experience is 
also available in general surgery, burns, 
neurosurgical, pediatric, and cardiac intensive care 
units. 













Applications are now being taken for fellowships 
beginning in July 1992. Applicants should have 
completed an accredited surgical residency. 














For more information please contact: 


Rodney Durham, M.D. 
Department of Surgery 
St. Louis University Medical Center 
P.O. Box 15250 
St. Louis, MO 63110-0250 
314-577-8365 


St. Louis University is an equal opportunity 
employer. M/F/H/V 








Are you a Surgeon 
looking for 


The World's Best 
Kept Secret 


Are you looking for challenging and out- 
standing opportunities for professional 
growth? Do you value a good school sys- 
tem, low crime rate, clean air and un-sur- 
passed scenic beauty? Then St. Mary's 
Hospital in Pierre, South Dakota is what 
you are looking for. 


Nestled in the rolling hills along the Mis- 
souri River, Pierre offers a wide range of 
recreational activities. If you enjoy the out- 
doors, you will love Lake Oahe which 
offers boating, sailing and trophy fishing. 
Pierre is famous for its excellent waterfowl, 
pheasant and antelope hunting. 


If you are a board-certified or -eligible 
surgeon and interested in joining a busy 
practice in this warm friendly community of 
15,000, and a service area of 40,000, then 
come join our growing active medical staff 
at St. Mary's Hospital in Pierre, South 
Dakota. Enclose vitae. 



























Vern Schuetzle 
Physician Recruitment 
P.O. Box 218 
Pierre, SD 57501 
(605) 224-9223 


or 










James Russell 
Administrator 
St. Mary's Hospital 
800 East Dakota, Pierre, SD 57501 
(605) 224-3158 







Locum Tenens 


LOCUM TENENS GENERAL SURGEONS - Let a 
Carefully screened, credentialed, insured colleague 
from the CompHealth locum tenens medical staff 
cover your practice the next time you have to be 
away, or while you recruit a new associate. Comp- 
Health locum tenens — the physician you need, just 
when you need one! Call today: (800) 453-3030. 


Practices Available 


GENERAL SURGEON - Retiring general surgeon 
is looking for a BE/BC general surgeon to purchase 
practice. Located in the Tri-state metropolitan ser- 
vice area of Philadelphia. This practice is next to, 
and associated with a progressive, acute care 100- 
bed, rural hospital. This is an excellent opportunity. 
Send CV and inquiries to: John Egan, EMC Corpo- 
ration, 80 Harmony Road, Mickleton, NJ 08056. 


_ Directors Wanted 


PEDIATRIC SURGERY DIRECTOR/Surgeon-In- 
Chief: The State University of New York (SUNY) at 
Buffalo and The Children's Hospital of Buffalo are 
seeking a Director for the Section of Pediatric 
Surgery. This individual will serve as the Pediatric 
Surgery Department Head and Surgeon-in-Chief at 
The Children's Hospital of Buffalo, which is a major 
teaching hospital of SUNY-Buffalo. He/she will be 
expected to qualify for a faculty appointment as 
Associate Professor or Professor of Surgery. Board 
certification in General Surgery and certificate of 
special competency in pediatric surgery is required. 
The candidate will need leadership skills and vision 
to direct an academically oriented clinical practice, 
head a pediatric surgery training program, adminis- 
ter the surgical services at the Children's Hospital of 
Buffalo and develop and sustain research and 
teaching activities. The University is an EEO/AA 
employer. Please direct inquiries and curriculum 
vitae to: Linda Brodsky, MD, Chair, Search Commit- 
tee, Children's Hospital of Buffalo, 219 Bryant 
Street, Buffalo, NY 14222. 
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|| Rhode Island Hospital, a major teaching 
|| affiliate of Brown University, has made a 
major commitment to excellence in prov- 
iding care for the region's injured. Our 
institutional goal is to fulfill & maintain 
the standards necessary for verification as 
a level I trauma center by the American 
College of surgeons. To this end, we are 
seeking a Director of the Trauma Service. 
The successful candidate must qualify for 
appointment as an Assistant or Associate 
Professor of Surgery at Brown University 
& must meet the qualifications recom- 
mended in Resources for Optimal Care of 
the Injured Patient (ACS, 1990). If the 
candidate selected is at the rank of 
Associate Professor, they must have 
attained a national reputation & have 
published in peer review journals. 
Requirements include Board Certifi- 
cation/Eligibility in General Surgery, 
expertise & experience in the care of 
trauma patients, & administration of a 
trauma service, as well as research and 
teaching in trauma-related areas. 

A letter of interest and curriculum vitae 
should be sent to: 

Peter G. Trafton, MD, FACS, 
Chairman, Search Committee, 

Rhode Island Hospital, 593 Eddy Street, 
Providence, RI 02903. 

Deadline for receipt of applications is 
12/31/91. Screening will begin on that date 
& continue until a successful candidate is 
identified or the search is closed. 









The R.I. Hospital is an Equal Opportunity/ 
Affirmative Action Employer. 
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NO-SCALPEL vasectomy instruments. One set 
$169.50 or two for $299. Video tape $75. (609) 625- 
6262. CMAC, P.O.B. 727, Mays Landing, NJ 08330. 





lid # 4 


AMERICAN MEDICAL SOFTWARE's Medical 
Office Management, Office Billing, Electronic 
Claims, Bar Coding, and Medical Records Systems 
feature easy installation-operation, advanced capa- 
bilities, and toll free support. For information, call: 
(800) 423-8836. 





PLEASE NOTE - Address replies to box number 
ads as follows: Box number _____ , c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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We Target The Physician 
You Want! 


The Archives of Surgery's classified recruitment advertising section is seen 
by precisely the physician you need — general surgeons, plastic surgeons — 
plus other surgical subspecialties. A total targeted physician audience of 
almost 40,000. 


Send your order today. Just complete the coupon below and attach your © 


typewritten copy. The nex: available issue is February which closes Thurs- 
day, December 26th. 


The classified rate is $1.80 per word for one issue. For three issues or more, 
the rate is $1.65 per word per issue. Minimum classified ad is 20 words. 





= =-=- ORDER FORM ---------7 
Please insert my ad times, beginning with the issue. 
Place my ad under the heading —— $A: 
Enclosed is my check for $ to cover full _ 





payment of my advertising schedule. 


Institution __EEEEEEEEEEEESSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS 
Contact Person ————_——————————————————— 
Address nmal 
City 


Area Code & Telephone Number ——————————————— 


Shl- PP 








Authorized Signature ———————————————————————— 


COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 











Send all copy anu payments to: 
ARCHIVES 


Surgery 


Classified Department, P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 è Local (813) 443-7666 
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due to indicated organisms 











y intravenous or Intramuscular Use 
R FULL PRESCRIBING INFORMATION, SEE PACKAGE INSERT.) 


= DICATIONS AND USAGE S l 
atment: CEFOTAN is indicated fer the therapeute treatment of the following infections when caused 
»ssceptible strains of the designated organisms: 
, nary infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
abilis, and Proteus sp (which may include the crganisms now called Proteus vulgaris, Proviaencia 
Jeri, and Morganella morganil, . 
‘er Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
į ‘hylococcus aureus (penicillinase- and nonpencillinase-producing strains), Haemophilus influenzae 
iding ampicillin-resistant strains), K/ebsiella species (including K pneumoniae), E coli, Proteus 
ilis, and Serratia marcescens” 
and Skin Structure Infections caused by Staphylococcus aureus (penicillinase- and nonpenicillinase- 
ucing strains), Staphylococcus epidermidis, Streptococcus pyogenes, Streptococcus species 
iding enterococci), E coli, Kledsieda pneumomae, and Peptococcus* and Peptostreptococcus sp.” 
cologic Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicillinase- 
icing strains), Staphylococcus epidermidis, Steptococcus species (excluding enterococci). group B 
-ococci, E coli, Proteus mirabilis, Neisseria gororrhoeae, Bacteroides species (excluding B distasonis, 
‘ys, and B thetaiotaomicron), Fuscbacterium species,” and gram-positive anaerobic cocci (Including 
 9ecus and Peptostreptococeus species). 
- + ,odominal Infections caused dy £ coli, Klebsella species tah he pneumoniae), Strepto- 
cus species (excluding enterococci), Bacteroides species (excluding B distasonis, B ovatus, and 
etaiotaomicron), and Clostridium species.” 
» ye and Joint Infections caused by S:aphylococcas aureus.” 
‘cacy for this organism in this orgam system was studied in fewer than ten infections. 
yecimens for bacteriological examination should be obtained in order to isolate and identify 
‘~ ative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
~'e results of susceptibility studies are known; however, once these results become available. the 
‘otic treatment should be adjusted accordingly 
ases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
“ws infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
somitantly with an aminoglycoside. Defotetan cembinations with aminoglycosides have been shown 
) synergistic in vitro against many Enterobacter-aceae and also some other gram-negative bacteria. 
: dosage recommended in the labeling of both artibiotics may be given and depends on the severity 
-`a infection and the patient's canditien. 
te: If CEFOTAN and an aly ort are used concomitantly, renal function should be carefully 
p itored, especially if higher dosages of the aminaglycoside are to be administered or if therapy is 
- “onged, because of the potential neprrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
` “ough, to date, nephrotoxicity has nat been noted when CEFOTAN was given alone, it is possible that 
'uhrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
< phylaxis: The preoperative administration of CEFOTAN may reduce the incidence of certain post- 
‘ative infections in patients undesgoing surgical procedures that are classified as clean contaminated 
_otentially contaminated (eg, cesarean section, addominal or vagina! hysterectomy, transurethral 
ery, biliary tract surgery, and romtestinal surgery). 
» rophylactic dose of CEFOTAN should be admunistered 30 to 60 minutes prior to surgery. In 
undergoing cesarean sectien, C=FOTAN should be administered intravenously after the 
. 11g of the umbilical cord. 
\ inere are signs and symptoms at infection, spec mens for culture should be obtained for 
“entification of the causative organism so that apprepriate therapeutic measures may be initiated. 
- JNTRAINDICATIONS 
“pie = contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
‘ore therapy with CEFOTAN is instituted, careful iaqui 
Jent has had previous hypersensitivity reactions 0 cefotetan disodium, cephalosporins, 
« ‘Icillins, or other dru is product should be given cautiously to penicillin-sensitive patients. 
„ibiotics should be administered with caution to any patient who has demonstrated some form of 
“iergy, particularly to drugs. If an allergic reaction œ CEFOTAN occurs, discontinue the drug. 
Jerlous acute hypersensitivity reactions may require epinephrine and other emergency measures. 
' Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
| ` “rum antibiotics); therefore, it is important to cansider its diagnosis in patients who develop 


should be made to determine whether the 


kg a in association with antibiotic use. 

+ ant with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
i © clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
| . #-associated colitis. 


"wild Cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
l managed with fluid. electrolyte, and arotein supplementation as indicated. When the colitis is not re- 
i ieved by drug discontinuance, or when it s severe, ofl vancomycin is the treatment of choice for anti- 
: biotic-associated pseudomembranous colit:s produced ay C difficile. Other causes should also be considered. 
In common with many other broad-spectrum antibietics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, sabsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or aor utritional sate, the elderly, and patients with cancer. 
Prothrombin time should be monitored and exogenous vitamin K administered as indicated. 
PRECAUTIONS 
General: As with other broad-spectrum antibiotics, prelonged use of CEFOTAN may result in overgrowth 
of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection does occur 
during therapy, appropriate measures should be takem 
_ CEFOTAN should be used with cauten ir individuals-with a history of gastrointestinal disease, 
particularly colitis. 
nformation for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized by 
veda Sweating, headache, and tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
eithin 72 hours after CEFOTAN adminstrat on. Patients should be cautioned about the ingestion of 
coholic beverages following the administration of CE-OTAN. 
Urug Interactions: Although to date neohretoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 
- Test Interactions: A taise Jositive reaetion for glucose in urine may occur with 
enedict’s or Fehling’s solution 
_ As with other cephalosporins, high concentrations o* cefotetan may interfere with measurement of 
*erum and urine creatinine levels by Jafe reaction and produce false increases in the levels of 
‘reatinine reported. 
carcinogenesis, nore eg impairment of Fertility: Although long-term studies in animals have not 
seen performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratory tests. 


L Cefotetan has adverse effects on the testes of prepubartal rats. Subcutaneous administration of 
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In intra-abdominal and gynecologic infection 


500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibictics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

Usage in Pregnancy: Pregnancy Category B: Reproduction studies have been performed in rats and 
menkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

Usage in Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution 
should be exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 

(1 in 300), aikalinephosphatase (1 in 700), and LDH (1 in 700). 

oO reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

(1 In 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 

(1 in 300), and diseomfort (1 in 500). 

During postmarketing experience with CEFOTAN, agranulocytosis, anaphy'actic reactions, fever, 
hemolytic anemia, ‘eukopenia, prolonged prothrombin time with or without bleeding, pseudomembranous 
colitis, and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

Treatment: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of adrrinistration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6° grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


Prophylaxis: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administared once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

Impaired Renal Function: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 


Creatinine Clearance WITH IMPAIRED RENAL FUNCTION 


mL/min Dose Frequency 
> 30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of tne causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: nÁ 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usua! recommended dose on the day of dialysis. 


Manufactured for 


STUART PHARMACEUTICALS 


A businessaunit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. S 05/91 











“x + 





Cefotan 
arithmetic. 











more cost-effective 
than cefoxitin’? 


less frequent dosing 
than cefoxitin** rii 


several times the half-life _ 
of cefoxitin" 


single-dose prophylaxis/ 
twice-daily treatment 


Count on 


CEFOTAN... 


Icefotetan disodium) 


In intra-abdominal and gynecologic infectie n 
due to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 


to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 


Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 
Am J Surg 1988;155(5A):67-70. 


Please see adjacent page for brief summary of prescribing information. 


© 1989 ICI Americas !! 


